; ghe3eUW UT} : 6T : C1 13 March 2002 .. 1 BOND COAT FOR A THERMAL BA%?MEE%hZOOZ
- COATI NG SYSTEM AND METHOD THEREFOR  Field of the Inventjion This invention

relates to a bond coat for thernmal barrier coating systeps of the type

used] to protect conponents exposed to high tenperature [envir as
the hostile thermal environment of a gas turbine engine. NbréMWMﬂWNMNMHWWy,
this invention is directed to a thermal barrier coating systemthat .

i ncludes a binary Ni Al bond coat deposited by a physicall vapor deposition

t echni que and on which a thermal insuraﬂiﬁg ceramc |ayer is ﬂ [

wherein the thermal |life of the coating systemis greatly enh mmﬂmmMMHMWML

limted additions of zirconiumto the bond coat materiali r Backogaupd of

the I nvention H gher operatin% temperatures for %as{turpine i englnes are

continuously sought in oPEND FOATHELCR, e THERMALL éggg. However, as
operating tenperatures SHRTEESYIHM AR YRR oTHEFRERRF abi lity of the
conponents of the engine nust correspondingly increase. Significant
advances in_high tenperature capabilities have been achi eved through

for mul at i orfig¥19 rh, thft ckRYeRRYCRobal t - base superal | oys, though such all oys

al one are often inadefygd & der{tOidh GRTRRRANES LOoBSAE@I-ddX CRIF aiHe SREL | ONS
of a gas turbine engine, such as the turbine, conbustor and augnentor. A

conmon sol AN 95 tPathididmlIXsienul &fe $beh E¥RBoneRED; | P orkkeRtedt

M ni M ze t NI, SRV S Sk BEREHALY 83 gFOR cfet AWHROSRy LRIt Par Sk &k
coati ngs (TBC%Dforned,on t he exposeg'surfaces of high tenperature,
conponent s 3fadef fordilershoprah epypronpengyiqfe a,gas turbine engine.

[
More particularly, this invention is directed to a thermal

) . . .
barrier coating system that includes a binary NiARl bond

|
coat deposited by a physical vapor deposition technique and

'
on which a thermal insulating ceramic layer ﬁs deposited,
wherein the thermal life of the coating systeh is greatly
enhanced by very limited additions of zirconium to the bond
coat material. '
[
Background of the Invention :
Higher operating temperatures for ggas turbine
engines are continuously sought in order to inbrease their
efficiency. However, as operating temperaturés increase,
the high temperature durability of the compoﬁents of the
engine must correspondingly increase. Significhnt advances
in high temperature capabilities have been achieved through
formulation of iron, nickel and cobalt-base puperalloys,
though such alloys alone are often inadequate to form
components located in certain sections of aggas turbine
engine, such as the turbine, combustor and augmentor. A
common solution is to thermally insulate such c@mponents in
order to minimize their service temperaturesg For this
purpose, thermal barrier coatings (TBC) foﬂmed on the

|
exposed surfaces of high temperature components have found



To be effective, thermal barrier coatings nmust have Iow%her mal 13 March 2002
-conductivity, strongly adhere to the article, and renain adherent

t hroughout many heating and cooling cycles. The latter rEequi renent is
particul arly demanding due to the different coefficientsjof thermnal

expansi on between materials having |l ow thermal conductivjty and superall oy
materials typically used to formturbine engi ne conponents. Thermal barrier
coating systens capabl e of satisfyi ng_t?e_above requi renents have generally
required a netallic bond coat deposited™on the conponent surface, followed
by an adherent ceram c |ayer that serves to thermally insulate the
conponent. Metal oxides, such as zirconia (Zr02) that isfparti ally or fully
stabilized h ttria (Y203), magnesia (My0O) or other oxides, have been

wi dely errpf"' (%uasse‘t he material for the thermal-insul ati ‘pg ceram c | ayer.
The cerami c | ayer is Tog/pbeallfifectioeit ethdynadi rbqtmbera spréyngg @ARS), | ow
pressure plasna rayj LPPS r a physical__vapqr, d sition (RVYD) I

t echni que, &0én §§We| t@gféﬁfbe%?ﬂ%hﬁltﬁ‘%a Y'va65f°8§g<¥si gﬁgﬁrfEBWD)t ich
yiel ds a staraitldl esndt reahimnaidh@raint sthrmighcut Heoady chaksiage drypi cal |y
formed of an qxidation-resi st,&% ?I E‘m' num based interpetal lic s‘g;:h a5 a

di ffusi on &PGHMUeCEFBPat i nth® al iR deh SBH LMY bt SRS EG SR Y

al urkn' ln;mo?baialrﬂdlﬂm@l oy stsh t&hf% l\%lﬁf%(réﬂ@el’c@eglfii&iigh(tm C@baltnqeamﬂl lor

ni ckel ). The al uni nu ontent of the above-nqt on oat mater.ials

provi des fGFPFHElQF‘og}egVSﬁthﬁ'Feﬁl%lcsr 3@’%3(’%{: EGH‘Fﬁn, 8&9%&&¥Wm oxi de
| ayer (al uginde SGpeerdt ol eniead d1epeyeicdEBy Ubed tther fabhy t@ir®imeoxi de
(TGO protects the bond coat from oxj %agetiqn and hot corrgsi on, a%go 13

Mar ch 2002€R93ne CQUPRBRNESK | yT]B%ﬁH%it Id&Ta FPE LR BFe £ YEL 6MFe SBERP Yoat .
Though bongfcoajatéEyimys ehe papbieul aelyiakhenesd thabe generally

oxi dati on-resi stant, the oxidat '&)on t hat occfurs oave i at el evat ed

t
t enper at ur €§ | yREBL AL ES PRNGNIGRFH (FRATHTE o‘?flﬁlnEBﬁt COBpPORERdi |y,

the level gfr#huli, B WolRid byhanbaadeseat csramlti shgai| yndeplkeieedd o
prevent 'further slow growth of the protective oxide, and to allow for the

nore t rapit@ §PESRRRLAY ABABLBERCERY CYRUERE At MeSadhoKiiRes s F&adSn may

occur at therienald acerdpt veea:t he '&@i%(l@g i tUEl @l YEhpUm pxadey ayer
or the interface between the oxide [ayer and the ceram c:layer. |n addition

to depleti ¥ftdiaal (hePalm FaENeBidi (Y981 PRe WERF at9e% 1 BRKPt RESdesi r ed

al um nunj oxiida1kare l@@@db%sh%méeEn%‘ﬁeh})iatthoirntﬁédi:BfaHﬁ\b@n igkugla@nert s
bet ween the superalloy and bond coat, such as duri ng forgation of a
di ffusi on SPHATMACAE2¥BAri ngRaANECERI g aYieghite iRl SELLY %BB%F@@ By

particul argigl epeatfaSEPraA8 Y Ckebs cObably, prids@RirdMplidmal Upratamial um
tungst en and _nol ybdenum can i pcrease the growth rate of al um num oxi de and

for m vol uni‘k8ES,) noRBdRerRhYS B3 He¥aBPL oxdePosdtdrds: M) mek¢ChBiddfeat eri ous

to the adhgsicen 9§ €NRAYAN BedrYBhysFEAM taPADWE 0Lt isn anearem) t hat
the service life of a thermal barrier coati ng i s dependent; on the bond

coat used ¥8ighchokelds enstraintadesantg 4 a9e? 1D OSEEVSSEF at i on of

the ceram gohay@odtas HEair £ §ica By COTPREENS £ MHAt oRedEei3RPREsAktant
ref ur bi shed_at  Consi der abl e cost bﬁér enovi ng the remai ni g% ceram ¢ | ayer
0

\ ) g : . > y
anti bond &d8RinpRcPageAg iatgraeteddicnsishe2betunddhitAddBord uRdALd8nd

substrate. oBepadgentaNMBYahiahideheodi BhuskeRaz9pg-ebEesthye! ¥1uRABYARS a
portion of the substrate surface, a |limted nunber of repairs can he

per f or med- CABtGR ke 2113y NEHER a§0MCrA4Y (where M is Jron, cobalt

and/or nickel). F

The aluminum content of the above-notéd bond coat
materials provides for the slow growth of a strgng adherent
continuous aluminum oxide layer (alumina scale) jat elevated
temperatures. This thermally grown oxide (TJO) protects

the bond coat from oxidation and hot cortosion, and




conponent nust be scrapped. In view of the considerable Fost to rqgfi\jlércﬁgﬁioz
‘replace thermal barrier com ng systens, there has been a; consi derable an
continuous effort to increase their service life by inpr%ving t he

spal l ati on resistance of the thermal insulating |ayer. wever such efforts
have been conplicated by the demand for higher service tgrrper atures for gas
turbi ne engines. Summary of the Invention The present invention generally
provides a thermal barrier coating systgmand a nmethod for formng the
coating systemon an article designed for use in a hostile thernal

envi ronnment, such as turbine, conbustor and augnentor cop‘ponents of a gas
turbine engine.' The nethod is particularly directed to increasing the
spal l ati on resis h I i er ing sy £ h nd coat
Chat oxhi bt AT T AT | EEFoveaTaR Su Bl T L FRET P UL
barrier codticuplsyls¢ed obathimsteniehsi emeepplrdysud alrdiyd addatyesf ta hekel

al um ni de al .o ver I th - | | ati ceram.c. | .S deposited,
with the b()or%(d'dé&atons—er\rg\%il%gaﬁﬁé E{mgg%)ﬂ%aﬁ%oﬁo eto%c%{{lor(r:rsoto%egrr aed]hmeesi  of

t he ceram elemptred ¢enpe rartiurese gracteldiynglepd etfess iaiwaritrivon, f tdre tthekel

2 ha nt umPYH PO nd EOERTAL 10 T ot e S5 BrHEACR, KB 3 T bot a

(p) Ni Al phasel cbstwitsh sprfifdrciapit 131 disiplemechd toaiprieve o i radadrs s Idwe  bond

coat of this | ent%o devel ggs a_cont i nuous gl ﬁrri ngw oxide | .ayer that
pr onot es trgeroé{ﬁbs? n*RF PRRCCEFARF cOTAYer £BY A8 BoMOKoACT BHE coat
i s deposit edpid a gafowsiicab fvaponproeposi vé oroxides Mar cAt2002ch T infy,0cess
(PVD), such _as.,by.magnetron sputiering, .electron heam physical vapor
epost t | on SEERRIYLBAReY e BCFRORE EHD ST SHE AR B LB et A ¢ on
(prL gg)g)ssesd&w@ ﬂfe VAT Dk a?ﬁg%é pléaye(c_\/ﬁ’ﬁ) tthWnltl’eQi&g::‘ee brél%a@mh HHey

and ai.r asma_ spray. eposition are possible. e ceramc
| ayer can t?é‘W@Bo]s"ﬂee‘ﬂ ag}fiit%e tj‘b%ﬁ)a%'tslaéﬁﬁ%nom t echni ques, incl uding
pl asma sprﬁyi ng gnd RVD dder ﬁﬁbﬂutshdéplatmwfnwhi d dﬂaybe‘:glej Inaftar a]lcol y
grown on the hgond coat, either eal treatnent prior to deposition o
,the bond @(fa?tcg‘tﬁ' Qﬁf?é nPYEpbRi %BIH g#‘etﬂ@séé?anﬁguﬁ‘ﬁgﬂf@ﬂ OXAdRoJ 3YEH re of
tlhi S _n\éeananl I\/Sil ts(mpef@@ byngh@oghtésdggtuaibgadift ieQﬁ{ttJEn(ﬂ:isr lfu&"wen o
al unm ni de or, coatings, but instead is a binar i Al _allqy consisting
essenti al | 3:1’& srﬁ%%re?l];‘?% %P%nki’%% FRaEt of BRN oRBL BPEXQHD' RESEEAE e Gt ai ni ng
zi rconi um ian A AfRIg4 drl M Ihedli midsingod balig hasdbaariHgenpgat edmpefraid-d o
drastically increase the service life_of the thernmal barrier coating
system | nSERPENESI ar Iz PAESACEPEddRLRBRE LS S &E‘wéén ednd ©°% Mtroni ¢
percent hawve e hot 419i hiPr exyetd hem) | £€n@étant BREMRb | haHeneh ¢aat i ng

system by g factor of about t to in excess, of. ten whenjsubjected to
Uher mal ey dPETEARE néhewi BROMIB bESFSr oaf (RMUBHR | MFA4F bbbt 9% at or

near r. 0. }ocatRiheuBer aeRbdhieenfi WX dEBeogebxidevistylRat thiaer mly b e has
for the zi rcgni um.content of the N Al an tﬁ%at is particularly evident with
i ncr easi ng St &rdmis furee ahfEan t GHe d LR of this

invention is particulmddeyy eitagbaeeoustfos spperdatunHibfg tapplsie¢atiicens. |t
is beli eveg,that ot he rea;t ve el enent, ,such as ttrium and
r

. haf ni um,
cosi um  vodidehaEe2atorrTRdr PEFFLEE GR2LREALSHERHCBAEAT] BRothEr PORSor t ant
aspect of thet nvesd i od dschdat the 18ndbngh 2A841ating ceifamic layer.

Once spallation of the ceramic layer has odcurred, the
component must be scrapped or refurbished at considerable
cost by removing the remaining ceramic layer ang bond coat,
including any diffusion zone between the bobd coat and
substrate. Because removal of the difiusion zone

effectively removes a portion of the substrate surface, a

limited number of repairs can be performed: befcre the



6 the bond coat is deposited in such a manner as to ninir ze d|ffd§hﬁﬁc@§002
-the bond coat constituents into the surface of the article. For exa )
di ffusion zone of not nore than five microneters is preferably achleved by
the preferred PVD techniques. This reduced | evel of i nteraction between the
bond coat and substrate pronotes the formation of an initial |ayer of
essentially pure alum num oxi de, pronotes the slow gromh of tie protective
al um num oxi de | ayer during service, ang ceduces the forhation of

vol um nous nonadherent oxides of substrate constituents that tend to
diffuse into they bond coat. Inportantly, by limting diffusion of the bond
coat into the substrate, nininal substrate material nust,; be renoved during

ref urbi shmedn And e hOSEMle RAUNIHL0 A0 RUR BF cHRCLAN ud i, bond

coat and ther -Tnsu at| ng ceram ayer nust be renoved to

deposi ti on afsta tweweparid eodt rapdacer tin¢xnd aymrmien oo refstents her

obj ects an n e t hi b p i.ate rom
the foll ow%r?ge@deat g‘lglge}ge%clrgl p éﬁl&%scrl p%#‘gn%ﬁ]hﬁ%?ﬁwéﬁggékl g‘fée 1lis

a perspect iivengase otheilni gepriessutlef€ byr blmrerdunrmlgas tand dppuretns a
cross- sect Langlspdiew ofe the Blade.af Haues Al iefar AN Hove 2

thermal bartier coat ng systemon ac rdanc th| S
i nventi on. eldicait £d hBeecrbeén oroop liike tiedvery | bheThkens: elﬁbr| isgtieon. i s

general |y p|IC ble to 2 n (o operate Wi t hin
envi ronrrent%s?pc ct[eé[}pez %&b@& eqoaa% R/"g’i%@h%] rg?’erﬁﬁg tures, and a a
therefore subjected to severe thermal stresses and therrrEI cycl i ng. Notabl e
exanpl es of, such co ent |nclude the high and | ow pressure turbine

nozzl es and¥i&des © r@htrr}b%d]zn st or 1iners and augnment or hardware of gas
t ur bi ne engi nes. One Thgh pexaﬂ@rhe |$nveethogh geaesamyturpmoweddsadea 10
shown in Figur The .bl ade eneral ly cI u |r ai nst

ani o hot  CORETEE: BATE48Ee CaPELRR i Gt il Ay TOYRCR G, P 3 ur bi ne
engi ne, an@o\aimslq syisfraee ons arharefiene awsu@mteed flor sg\ee 1@1 af trﬁxétlbye
oxidation, corrosion and erosion. The ai f0|Ln_ 1% is ancheored to a tu ({]bl ne
di sk (ot SRR (FRAL HOVEEAF| | UEy nBa ofUEDLBEY S COMERTRE o

bl ade 10. Ga@rightphpassagesedds adse presenturbihbeeagihei.l TAd hteit@y whi ch
bleed air i,s forc d t ransfer at fromthe bl ade 10.. Wi

t.he .
advant ages '6f PR L¥on S Ielc ﬁéi dEScrHEREIF 1T r ShG erf‘é’é‘ltl(?q:tll?é‘ hi gh
pressure turelsileeahbadefla She\Wmalln bairgliles lzoatth(ﬁgt e3shiangwviath tahiond

i nvention are generally pli.cable to a onent on ich a thermal
bar 11 er CobORty. ogae b AR DM Caeect 16 PrERELATY hel BBRREAEN: ap

envi ronrrentreslae;p;raemt ed in Fi gure 21is a ther mal barrier coating system 20
in accordance with t vent i As shown, coatl n st r%(r)? 2Q .i.ncl udes

a ceraic |layer 26 bo Pd SRiica Ia?ferrs]lfd:stt‘:ﬁ lf’égvmst ¥ The

substrate 2Avdtadm lémpl@y@r@femal &oat hbghat am@ateat diemiatiele alllsuch as
an iron, nickel . Toa ain a:.strain-tol erant

col umar gP¥h g?‘:iﬁét %Sggg%’ﬁﬁ ce?i era é}yerfg‘ﬁc GrEfer&oIdPRsddSYred by
physi cal vapah deposi thamd ( I%é[é)t tslmighqg)t hete detmltm@hatlechmlcwe%ﬂlom d
be used. A prmolydgiggﬁggigk o%rthe ceramic layer to the article.
According to the invention, the nickel alumlnlde bond coat
contains zirconium and/or other reactive elemﬂnts such as
hafnium, yttrium and cesium, but is otherwise predominantly
of the beta (B) NiAl phase. As with prior agt aluminum-
containing bond coats, the bond coat of this invention
develops a continuous aluminum oxide layer tEat promotes
the adhesion of the ceramic layer to the bong coat. The

bond coat is deposited by a physical vapor: deposition
[

——



i 13 March 2002 _ g ceramic layer 26 is an yttria- stab lized zi
- (YSZ), with a preferred conposition being about 6~ to abput 8 wei Tgﬂﬂ#@hZOOZ
percent yttria, though other ceram c materials could be jused, such as
yttria, nonstabilized zirconia, or zirconia stabilized by ceria (Ce02) |,
scandi,~ (S~ ~ ) or other oxides. The ceramc |ayer 26 is de~osited to a

t hi ckness that is sufficient to provide the required thermal protection for
the underlying substrate 22 and bl ade_10, generally on the order of about
125 to about 300 microneters. As with p ior art thermal bar: xier coating
systens, the surface of the bond coat 24 oxidizes to forman al um num oxi de
| ayer 28 to which the cera#nic | ayer 26 chenlcally bonds, Accordlng to the

i nvention, the bond a ni.ckel nlde t%o% rg dom nantly
Lhe et a (RFPCRRR (i v bRt Sreiy I MR HuarpabhELHoS: | ESRERP A The

N: Al bondbb@a*m ﬁﬁhys1|i:@11rredapgn:ngdap8wtp@gg%mwmf eraah YJ%[tgt vepbg,

el ectron am sica or,_depaqsition et vapor depgsition
(IVD), 1 hotgRort trant s7KBEe JBelieth R iR SIEPAERbAPP | BROFEERAPSECRCBEI d be
used, suchv@@u@xhapnasm@rgyr@g (ms)o,r dndw preskheei pyashbopprap adegsate
thlckness for t he N{ﬁl bond coat 6FbOUt fifty nlcroheiggs in grder to
protect th8Rande R @smﬁb§PF8ﬁ’e @fsén eRositdoTa R ER P &ippl

al um nu~ f geranide ifararmteom, béhaegbs&hbakaassm% Horah t25b§/~Qn@bﬁUt 125
m cr omet ers are believed to be suifable. The preferred PVD techni ques are:

pr ef er abl ytegPPLGHeSut I Fustipe R}%S‘H?fﬁmibirp%fa‘ﬂq%ep‘éﬂ tegBR1gUePnt o t he
substrate R2. aRiefienabl ¥xidepQsiyidro s Opré herhong geawn%nremétsoha

virtually no diffusion betw-en the bond coat 24 an subsir te 22. During

subsequent CRafr EicheteRY hedt MeFedtBepd PriPr 0| deResielteyudf Ehfesses

enerat ed ~ggpincbhe b Audingd CARRASItIIN oFf Qﬁ‘és%er%m\i%r Y alyirn diffusion
zone 30 of not nore than above five _m croneters ypically about 2.5 to 5

m croneters, nay dev@i&ﬁy ﬁeﬁFEFérpédtHéétlPY%%gh%ﬂtlFst 3hdtieeBoBE about

1800F (abowba080@ #6E aboead 1W0i d0af OHE FRAYISN | RlAMiINAGE! S MagpReYe,
suchi as argon. Inportantly, the mnimal thickness of the diffu~ion zone 30

pronot es tf@2FARgFal Q%ﬁnﬁﬂﬁ§ﬁa@f%3mﬁokiﬂér¥ Nipdr alglois el88REFANFY pure

al um num ox5dentREATRL et h% 1HhQW gnLeut ha%mmﬁmpr%ecgw@c@wﬁwyﬂeom de
| ayer 28 during service, reduces the formation of volum hous nonadhere~t

oxi des at @%@u5§ﬁdaﬂ9HCQRﬁ%ﬂﬁkpqa9b¥09¢&¥ﬂf%ﬁmﬁ wEY ; FEabeed #meulkount of

substrate pRLEr hals tﬁ@@n”HﬁéxB%cE%Hﬁ?VQ@uﬁﬁ“H&Jdﬁ%é%f&éﬂﬂ@ninéieéEé
t hermal barrier coatlng system 20. ACcordingly, articles,such as the bl ade
h

10 shorn i Bhei geFeige chhf®eok dfhp mmln@ﬁértﬁﬁegoﬁhhﬂgT@W%Ielbef ~pdssi bl e

I Tk a tradhitopah aBOnd, £O84n WEH € 2438 i oS HIOVWetWedh 901 652.arR)) DI ON~I
di ffusion barrier Iayer 32 between the Ni Al bond coat 24}and substrate 22

may be i ncREEBYCt P F!HerPR VR BREN MNOME fFUsIBAr AR Eher ey e Mt o%e the

service |ifgefhal @aﬁpﬁérneoﬂ%g%ggmﬁsb’\?%eﬁa@@@ye@fl bbSt bbb etgd that
the initial alum num oxide faorme b~nd coat 24 provides the

ground workiif 8XCgS§| &\ d?%WW@efbﬁ‘éFél%%%ﬁF% % HehreEma l gyelm BRFEENT QD) .

However, Wi prt eARELRAIY & XNASHI e ﬂgg S@J\Béeob@éfrfé@'é)tf‘ of héfractory
el ement s fron1the superal | oy substrate 22 to the NNAl fonmd coat 24 could

take pl ace?- 1 REQBC ReEFRR &l 7 i GRIGIUEY nﬁ?“?hée%@%%’r%éwl%}éa*éftlﬁﬁém%her mal

barrier Coﬁifé‘%§§sf@fn@t9e z iH Qg do*fﬂ't%n%' beathOnn eRM Hakd hesa €x{ gnd
services life, the diffusion barrier layer 32 is additio (beneficial.

13 March 2papticypargyi tahi@ent ostddesiRoredsing ngestie %%Pﬁ?ét?tlllé?%fwr 32
include  jndicating that the bond coat of this Jnventlon is

particularly advantageous for more demanding applications.
It 1is believed that other reactive elements, such as
hafnium, yttrium and cesium, would have a similar effect on
a NiAl bond coat.

Another important aspect of the invention 1s that




carburizing the substrate 22 in accordance with U S Pat ent No. S,é?,\g éﬁ% 02
‘to Schaeffer, and depositing a player of ALN or Al-O-N o t he substr ? 9
by a PVD t echni gue or chem cal vapor deposition (CVD). According to this
invention, the Nil bond coat 29 is a binary Ni Al alloy cénsisting
essential Cy of nickel and alum numin stoichionetric amunts and
containing zirconiumin a very limted anmount that has been unexpectedly
found to drastically increase the servi life of the thermal barrier
coating system In par ocular, N Al bond coats containing between about

0. 05 and about 0.5 atom c percent zirconium have been shown to~drastically
inprove the life. i.e., increase the spallation~~resista ce, of a thernal
barrier cot system Ling a estl |onlead|ng o,.this invention,
epect nens o8 ReIEeToHaobt RIS FEY TR 85 OF el Tat U rbr WP BN o0
coating sysdﬁﬁﬁuﬁmnwﬁ:lttdedxmd)mtcaahsm{e\nemm cinfo ylhérsarsaabl bifzed
Zi ~coni . a (YSZ) V\% gepom ed b EBPVD t o i ckness ofd out

m cr omet er sthAs 33 &ted ‘ﬁrTﬁ PEPLE: ¢ Ko Tt s2PBP 2% it ﬂPBGp of
super al | oy S&p@ﬁl MENgeVehecEoneearsongk i ppéoétablyal sghneded(PbAN ) the

di ffusion bond_cows havij a_nom nal thicknegs, of abqut G0 to 7

m cronet er £ %EEBHSdanc}g\&ﬁl rﬁeﬁgﬁbﬁ‘éeﬁf supgﬁ'&ﬁ oyr§ BEF?’EMIW ~c84t ed
with a Ni Allﬂnoaﬁlacaabncwa:ttatevnng:rze rsomd usvat hauesubsﬁnamet hetombods 0. 05

or about O. ato ercent jn accordance th th| i nve Each of the
N R bond dhs e R o 85 Ao e kar | diE sstssh%ae Ly tRRERness
of ~about flémmrmﬁﬁ AL Es S pfém@iéy tHa0s I Upsowth Castt t;ﬁ@@ﬁe@@i@efor”ﬁd
of NNA in accordance wth this invention to contain 13 March 2002 - 11

zi rconi um ALYBYRPR X E{e hetd o utdW % S§BEECC. 52RFfont eAPEREenthe The

but t ons hadfgriflh8iBhelo fOf yabuii ABEs ﬁ%a@%lé%htz%m&iés MRifer Sub 08a e
t hi ckness of about 0.125 inch (about 3 m|lli metersé W th the sugeral | oy
?

speci mens, 3SRt AReBHSt oHs2 hetengl sbO cSdttddShi t hnb3 V&8 dBpss terby EBPVD

to a thi cknegsopfaaboyt 1;%5 TinGNOTRf &St ARAldild PNt h8Sbohan® & 1heo YSZ
coats was then eval uated bg\ﬂtherrral cycling fromrogomte+perature to ei t her

about 2075F-R&nBHPst1ate) BiniBadt Sﬂ?ﬁ@F%&bB‘éﬁ‘*fi?@Cf“;@tﬁ? EepYedycl e

bei ng COW'&I&Q\%W@Q&Hlé?&%nQOWf thBetkesmd 1 LHir itde d& r%jesystem,
sumarized:in T TABLE |, HOURS TO S PALLAT

) SPECI MEN2O¥5%2 1 Rortid ALBSn P bt 508 8 RsbpRharmadh- esalﬂlatmg ceramic

Zr *500( not exd e} Nkt Bel aferfovéd 1880GNALRSIRBI A (dip &# addidwonsgdnd
560- 3200+370Ni Al + 0. 1lat.~ Zr**5920+1620- 2000+Ni Al + 0. 5aq .~

Zr ** 1000- 2000%38tR$ePeranir AL 3y L coRt Fhg SWPFFEEDY magnetron sputtering.

** NCAl and N Al +7r ceghebUbibgRetst a%tam@a%&@ngma sbefpfsn g | ation
ocgurred. Fromthe above, it can be seen that~t therrrai barri er coatings

deposi ted oftthe g APeEEespaRRRaRiatad E6A%| ddrabEgligréngedatahted o

spal | ati on 4ty {56, deposited on the conventional di ffusion Pt Al bond
coat. The thermal cycle lives exhibited by the N Al +~r speci nens cont ai ni ng
nore than 0.05 atom c percent zi~comumwere greater by a factor of at
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Figure 1 is a perspective view of a hlgh pressure
turbine blade; and
Figure 2 is a cross-sectional view bf the blade
of Figure 1 along line 2--2, and shows a theimal barrier

coating system on the blade 1in accordanc? with thais

f

|
The present invention 1s generally anlicable to

invention.

Detailed Description of the Invention




a speci mens ‘at 2075F and 21SOF. Notably, the iprovenent én t her mal I|feh9@62
‘unexpect edly good for the speci mens whose Ni Al bond coat$ contalneglﬂ ¢
atom c percent zirconium particularly at 2150F where thése speci nens
.exhibited an inproved thermal cycle |ife by a factor of iden over the PtAl
bond coat specinens. It is believed that inprovenents in|the deposition
process enployed to form ~li Al+Zr bond coats wll increase the thernal

cycle life of such coatings to that of ghg button specinens. On this basis,
whil e the above Ni Al +0. 05Zr bond coat specinmens exhibited a thermal cycle
life roughly equal to that of the PtA~ bond coat, inproved deposition
techniques wll result in~N Al +0.05Zr bond coats havi ng E thermal cycle

life betwee r- £3 | Zr

but t on spec$n£@%e'g{ naFfiag Pe?gt\/\o@tlﬁ%n})}tl ng E% %g%f\%?on

speci nens exhlbrbédtaVEﬂglmhmdhfet@mpetmbmte$mncandhabnﬁ ttieerefdree N A
e N Al +0.57r nd coats ed tg exhi it

buttons. Acc
i mproved tﬁﬁﬁﬁ%ﬁc€?%IE°IFF@GSSthgrE?lfﬁggeﬁfﬁl éﬁ i tYf %ﬁparent
that opti mNotsisLét examplebt mfneshc/Mtd:bmporzémtgnimmudet ¢hte diidtet smé@n 0. 05

and 0.5 atqom c percent; i ke t _or 1 at.om c,perc

Bt her ror Lo s dtes (D Hp s Rokizbte crod Tiadssn AT COPNEERE st s
equi l|t;ped V\ndlt:rhdwsﬁdatzr ab.caﬁcébl M$aﬁ%mr%ﬂ cz;alsarﬂwrﬁm Admkﬁxﬁ&d& 3hooﬂecoat
can be used tq consi a age i n denandi.n ere

t enper at ur e%ucgk %\Wﬁ?{‘ é gr?ﬁ@‘éﬁ?l% %ng %@eaﬁi Z]s(%r%}é%lw?nl?errrs I
of a preferriaghwabodi m:rrmre Pbllade B@p@é@é\falh?t IﬁtlﬂﬁdefsoralpiB Aot beladopt ed
by one skill ed, |n the art. ~ ccor rgg%ﬁ t he scope of our |nven ionis to

be |inited 35S hby WH&h Pofl &A@ hhg9ases3 g cA15665d 1QUriRghar s

clained is opelraﬁ\l@@n@@nené G46) thaying engheenalanBahere ot fdge SYst em
(20) on a s%{fac t hereo

g the thermal barrier coatjng s sten]é%

conpri si ng SR HHAEE codt @?Efeeepd§3teﬁFYﬁF?heaEE?F ce Pt ﬁ%%%ent

f) 10) byNaAlpiwl lc‘)s?liorvatﬁﬁﬁ deiersidhni. ?nofrlggctamwg@lt tilpe b@tnd @ﬁ@'ﬁre624:)ot bgi ng a
inary N all oy containin ou o about 0.5 ato ercen

zi rconi um {UEPiRRr AAF K AOQ t;hﬁy%kr%h¥g Paﬁ&”ﬁﬁﬂﬁLob%rf9FE§dtHH‘b%nd

coat (24); ﬁ‘tﬁtfslé&ﬁﬁbn(:@@pblfstﬂg ®1didkf Ui.on ceRNEa nBYa pigwen ¢ F@r@ond
coat (24) and the, .conponent the di ffusion zane (30) haV|n

t hi ckness d?retﬁﬁrﬁ: fing ai lllﬂ L2 oberQiigh which it (19) %%Cﬁ’%m t ed

in -C|alW‘%o\Mﬁﬁﬁ%ﬂefhﬁegtnﬁfwm“kﬁb Bhb@é gont awhs 1R2akR] ARfhatagasi umin
stoichionetric appunts. 3, A conponent (10), as recited in rclaim1l, wherein

t he nlckelQﬂtﬁ#h?dénﬁ?m5ﬁoﬁoﬂﬁé nbe, §656E1hed WwikhomedeFencgnttSitheni um

4. A conmpongigh ( PestureeCtipdihd Hiaida 110WeiRinn the gihgrral 1bargher

coating system (20~ cansists . essentially of the hond c aﬁ 4), the ceramc
layer (26) %W%(loéet}‘éﬁelln(’?%l?%e? e Ll Rp?,ld'ri:ﬁé’ﬁé% LR Y as

recited i nndheht Wheh@iith e thfreneMa ri@r 'c%aftqrd@%ﬁtean SUPErse | oy.
used to protect the component from its environment.
Represented in Figure 2 is a thermal barrier
coating system 20 in accordance with this in?ention. As
shown, the coating system 20 includes a ceramic layer 26
bonded to the blade substrate 22 with a bond cpat 24. The
substrate 22 (blade 10) 1is preferably a higthemperature
material, such as an iron, nickel or ' cobalt-base
superalloy. To attain a strain-tolerant coiumnar grain
structure, the ceramic layer 26 is preferably beposited by
physical vapor deposition (PVD), though othef deposition

techniques could be used. A preferred material for the

|



6. A conponent (10) as recited in clam11, the thernal ba@rier coa
" system (20) further co~;nprising a diffusion barrier IayLr (32) bé?&@%ﬁh?ﬂ%?

bond~coat (24) and the conponent (10). 13 March 2002 14 A conponent ( 10)
as recited in claim6, the diffusion barrier layer (32) being selected fr~m
t he group consisting of a carburized zone in the surface, of the conponent
(10), an ALN | ayer between the bond coat (24) and the co%ponent (10), and
an Al-0-N | ayer betw-en the bond coat _(24) and t he conmponent (10).

CAYBAT AARALTLAAAAAA ALAZ A -OKYZ
yz&[\<F|wwnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cb]ca]ca]ca]ca]ca]ca
]ca] cal]ca]cal]ca]ca]cTaU]c: a]jca]caljcajcajJcalwWwm N a b mjxq

ceramic layer 26 is an yttria-stabilized zijconia (vYsz),
with a preferred composition being about 6? to about 8
weight percent yttria, though other ceramic materials could
be used, such as yttria, nonstabilized zirconia, or
zirconia stabilized by ceria (Ce0;), scandia (Sg @ ) or
other oxides. The ceramic layer 26 1is de{osited to a
thickness that is sufficient to provide the required
thermal protection for the underlying subsﬁrate 22 and
blade 10, generally on the order of about 125 to about 300
micrometers. As with prior art thermal barrier coating
systems, the surface of the bond coat 24 oxidizes to form
an aluminum oxide layer 28 to which the cera%ic layer 26
chemically bonds. “

According to the invention, the bond coat 24 is
a nickel aluminide alloy of predominantly the beta (Bf) NiAl
phase with a very limited addition of zirconium. The NiAl
bond coat 24 is formed using a PVD process} preferably
sputtering, electron beam physical vapor deposiﬁion (EBPVD)
or Jjet vapor deposition (JVD), though it is%foreseeable
that other deposition techniques could be uged, such as
plasma spraying. According to the invention,[an adequate
thickness for the NiAl bond coat 24 1is -about fifty
micrometers in order to protect the underlying Lubstrate 22
and provide an adequate supply of alumin for oxide
formation, though thicknesses of about 25 t% about 125
micrometers are believed to be suitable. [

The preferred PVD techniques are preferably
carried out to reduce the diffusion of the hond coat 24
into the substrate 22. Preferably, depositioniof the bond
coat 24 results 1n virtually no diffusion betwLen the bond

coat 24 and substrate 22. During subsequent heat treatment

=
|
|
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essentially pure aluminum oxide,; promotes the slow growth

of the protective aluminum oxide layer 28 during service,
reduces the formation of voluminous nonadherept oxides at
the bond coat-ceramic layer interface, and jreduces the
amount of substrate material that must be re&oved during
refurbishment of the thermal barrier coating system 20.
Accordingly, articles such as the blade 10 shokn in Figure

1 can be refurbished more times than would begpossible if
{

E

As shown in Figure 2, an optional diffusion

i
barrier layer 32 between the NiAl bond coat 24 and

a traditional bond coat were used.

substrate 22 may be included to furtﬁer inhibit
interdiffusion and thereby improve the service life of the
coating system 20. As noted above, it is belie%ed that the
initial aluminum oxide formed by the NiAl bbnd coat 24
provides the ground work for a slow growing ioxide scale
(thermally grown oxide; TGO). However, with!temperature
exposure during service, diffusion of refractéry elements
from the superalloy substrate 22 to the NiAl $ond coat 24
could take place, thereby potentially degradinggthe service
life of the thermal barrier coating system Zi. To avoid
this situation and further extend service! life, the

. | .
diffusion barrier layer 32 1is additionally ‘beneficial.

|
|
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Suitable processes for forming the barrler layer 2 1nclude

carburizing the substrate 22 in accordance w1th U.S. Patent
No. 5,334,263 to Schaeffer, and depositing a aner of ALN
or Al-O-N on the substrate 22 by a PVD technique or
chemical vapor deposition (CVD).

According to this invention, the Nibl bond coat
24 is a binary NiAl alloy consisting essentialily of nickel
and aluminum in stoichiometric amounts an& containing
zirconium in a very limited amount that has been
unexpectedly found to drastically increase the service life
of the thermal barrier coating system. 1In part&cular, NiAl
bond coats containing between about 0.05 ank about 0.5
atomic percent zirconium have been shown to%drastically
improve the life, i.e., increase the spallationhresistance,
of a thermal barrier coating system.

During an investigation leading to this
invention, specimens of a nickel-base supetalloy were
provided with thermal barrier coating systems t%at included
a bond coat over which 7% yttria-stabilized 21rcon1a (YSZ)
was deposited by EBPVD to a thickness ofﬁ about 125
micrometers. As indicated in Table I, the bond coats for
a first group of superalloy specimens were $onventional
platinum aluminide (PtAl) diffusion bond coats having a
nominal thickness of about 60 to 75 micrometﬂrs. Second
and third groups of superalloy specimens wereicoated with
a NiAl bond coat containing zirconium at leveis of either
about 0.05 or about 0.1 atomic percent in acc&rdance with
this invention. Each of the NiAl bond coats was deposited
by magnetron sputtering to have a thickness ofiabout fifty
milicrometers. Finally, two groups of cast bhttons were

formed of NiAl in accordance with this invention to contain
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zirconium at levels of either about 0.1 or aboit 0.5 atomic
percent. The buttons had a diameter of abdut one inch
(about 25 millimeters) and a thickness of about 0.125 inch
(about 3 millimeters). As with the superalldy specimens,
the NiAl buttons were also coated with 7% YSZ -deposited by
EBPVD to a thickness of about 125 micrometersi

Spallation resistance of the YSZ co%ts was then
evaluated by thermal cycling from room te#perature to
either about 2075°F (about 1135°C) or about 2150°F (about
1175°C), with a full cycle being completed in about one
hour. The results of the test are summarized;in Table I.
|

HOURS TO SPALLATION (AVG.)

TABLE I.

SPECIMEN 2075°F 2150°F

PtAl Bond Coat 500 180-2Q0
NiAl + 0.05 at.3% Zr" 500 (not tiested)
NiAl + 0.1 at.% zr” 1800 (not tlested)
NiAl (ng 2r additions)™™ 560-3200+ 370

NiAl + 0.1 at.% zr'™" 5920+ 1620-2000+
NiAl + 0.5 at.% zr*" 1000-2000+ 380-760

* NiAl+Zr coating applied by magnetron sputtéring.
** NiAl and NiAl+Zr cast buttons. ;
+ Test was discontinued before spallation ocdurred.

From the above, it can be seen that!the thermal
barrier coatings deposited on the NiAl+Zr specimens were
considerably more resistant to spallation : than those
deposited on the conventional diffusion PtAli bond coat.
The thermal cycle lives exhibited by the NiAl+&r specimens
containing more than 0.05 atomic percent zirconium were

greater by a factor of at least two over the PtAl bond coat

|
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specimens at 2075°F and 2150°F. Notably, the improvement in
thermal life was unexpectedly good for the sp%cimens whose
NiAl bond coats contained 0.1 atomic percent zirconium,
particularly at 2150°F where these specimens wexhibited an
improved thermal cycle life by a factor of %en over the
PtAl bond coat specimens. It is believed thatEimprovements
in the deposition process employed to form &iAl+Zr bond
coats will increase the thermal cycle life of shch coatings
to that of the button specimens. On this basi%, while the
above NiAl+0.05Zr bond coat specimens exhibited a thermal
cycle life roughly equal to that of the PtA]l bond coat,
improved deposition techniques will result in;NiAl+0.0SZr
bond coats having a thermal cycle life betweengthat of the
Zr-free NiAl button specimens and the NiAl+é.er button
specimens. Finally, it is worth noting that Ehe NiAl+0.5
button specimens exhibited a minimum life of %lmost twice
that of the 2r-free NiAl buttons. Accordingly, while
NiAl+0.52r bond coats are expected to exhilit improved
thermal cycle life over a Zr-free NiAl bond icoat, it is
apparent that optimum results are obtained withka zirconium
content of between 0.05 and 0.5 atomic percent; and likely
at or near 0.1 atomic percent. Furthermore, ;these tests
indicated that thermal barrier coating systgms equipped

1 NiAl+0.1Zr

. ¢ .
bond coat, can be used to considerable agvantage in

with NiAl+Zr bond coats, and particularly thg

demanding applications where temperatures exceed 2150°F.
While our invention has been descriﬁed in terms
of a preferred embodiment, it is apparent thatgother forms
could be adopted by one skilled in the art. éccordingly,
the scope of our invention is to be limitedgonly by the

following claims. |
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What is claimed is

1. A component (10) having a thermél barrier
coating system (20) on a surface thereof, tge thermal
barrier coating system (20) comprising |

a bond coat (24) deposited on the surface of the
component (10) by a physical vapor deposition ;echnique,
the bond coat (24) being a binary NiAl alloy %ontaining
about 0.05 to about 0.5 atomic percent zirconiim;

a thermal-insulating ceramic layer (26) overlying
the bond coat (24); and further comprising a diffusion
zone (30) between the bond coat (24) and the component
(10), the diffusion zone (30) having a thickneés of upto
about five micrometers. [

2. A  component (10) as vrecited in claim 1,
wherein the binary NiAl alloy contains nickel and
aluminium in stoichiometric amounts.

3. A component (10) as recited in ?claim 1,
wherein the nickel aluminide alloy contains jabout 0.1
atomic percent zirconium. |

4. A component (10) as recited in claim 1,
wherein the thermal barrier coating system (2OB consists
essentially of the bond coat (24), the cergmic layer
(26) and an oxide layer (28) therebetween. |

5. A component (10) as recited in éiclaim 1,
wherein the component (10) is formed of a supefalloy.

6. A component (10) as recited in claim 1, the
thermal barrier coating system (20) further comprising a
diffusion barrier layer (32) between the bondgcoat (24)

|

and the component (10).
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the component (10), and an Al-0O-N layer betweaen the bond

coat (24) and the component (10). i




