; MNe3eVVSLbj 6TV7: THERMAL BARRI ER COATI NG W TH | MPROVED STRENGTH AND
FRACTURE TOUGHNESS BACKGROUND OF THE | NVENTI ON FI ELD I | ON Thi s
invention relates to protective coatings for conponenmwmmmmm hi gh
tenperatures, such as the hostile thermal environnment of a gas turbine
engine. More particularly, this invention is directed to a*{'fermal barrier
coating (TBC) forned of a zirconi a-based ceramc nmaterial that exhibits

i nproved strength anyERMATVBARRIERITOATING WITKHIMPROVEDONt ai ni ng a

di spersion of chrom a particles or precipitates. DESCRI PTI ON OF THE RELATED
ART Conponents within the hot li;as ath of a gras t urbi ne engine are often
protected by a ther mal SBRENG éé*HSnFﬁg\QW OIEHMESPBC syst ems i ncl ude a

thermal -insulating ceram c topcoat, typically referred to as the TBC,

typi cal | ygh OUND Itk PARARAARYTIAyh an _environnmental | y-protective bond
coat . Bong coat materials wdely used in TBC systens include overlay
coatings such as MCrAl X (where Mis iron, cobalt and/or nickel, and X is
yttri um oFIEAdOAEHEANY EMNIKON or reacti ve el enent such as haf ni um
zirconium etc.), and diffusion coatings such as diffusion alum nides,

not abl e e | es of ich are NiAl and NiAIfPt). Ceramc naterials,and
parti cul aiﬁ‘{?mmvﬁﬂﬁl?f’ %]fflf a&’stpé‘géFéfvfeﬁoaztmgéo f a (t“}@f)emgr 8"%%&“9 h@d as TBC
mat er i al steRfpepits®s,Guck BEthe Nustlie themmg eabidsindi® PR Rigak titbink @ginB e NIBle
conductivity, and relative ease of deposition by plasm sgrayl n flame

sprayi ng B#tcWasisi thislinvenbien igdisersed foom thepya) barsermsating 1B B@rmeg}@élaoyed in
t he hi ghes: t ' f Ly bi . i t ited
ol 0 2 hBERREAL g S5 oS0 RGN "Gl oRL I fllieroc

col ummar , toaghisfad Otedu bl cortainihgd disigtrsioe of dimdbmiaspantitles droprevipisates. and
contract w thout causing damagi ng stresses that lead to spallation of the

and ol cches IR h B ATH &R1 S0 Tering (e 0., hi'gh and ow

pressure, standard or collinmated plunme), ion 1 r plasma deposition, and
al | f or meCehpbRinid Withi e 2ERAY pdth OF adRR dxrbineWhgRicQF€ SRES piiteded bgat hodi ¢
arc, laser nelting, etc.). In contrast, plasm s_praé/éng t echni ques such as
ai r pl asnthespglabarier cotigg d&ossstenBC s'stams jipcludre af themmabfingubatingn

"splats," |1 150, Sigf’lf C i . t ai ns and
a degree %e{rﬁﬁféi thh%%%gtg%lg?@?ggn p%régglmf ?% g:ng%/p“tf% u%oglggﬁgog{hgtrqa g{rﬁ%)P %?[ t hr ough
the TBC. Withlaa éiSZonmehtallgpeotestilel hondnplany Bond rohthmaterialsf widelyhaded idesi r abl e

t her mal adhesi on aracteristics, they are sceptipl e to nechanical

damage w@?ﬁpn%wgﬂhwﬁ@asovls&ﬁh CORUTESGHE t”tﬁ_r@%ﬁgrws _.HFt?r 85 aSAPPD, YSZ
coatings fokpeksl, bR BE i$ YRARR! bPhRothG LM BRI G, frEQMvE NBIGALENtAREH B50ST ON
damage by hard particles in the high velocity gas path. |npact damage and

t he resul hafnign, ogigcopfunTBecparani cdiffasion oentings suomgst Hdfusadalunindgss of

conmponent s ch_as {turbine, bl ades, il ion.is nore preval ent. on the
contave et fu@ipkhp Pl e NERLaiASeY TR Ry BAS aRE S Refy o,

bl ade desbigiry JeiaRstalsilizRl £fcorRChESH)Cat wiadmagedad TBU makhalstRbagergronent
life, but also |ead to reduced engine performance and fuel efficiency. In
U.S. Pat etieir Nijgh gemgerays Epalpfitye dowt thgymal ¢ondpgthdive nd eisladivarfasame i s

di scl osedyd.n.whi ] . i i | )l sited as
2 prot et 1PLeBh 8 At Gasid e Braiy o BHFALA Ao Reilcod (P95

Commonl y-teelaiigwesd U. S. Patent Application Serial No. 09/710,682 to Ri gney
et al. discloses a TBC conprising alternating |ayers of YSZ and YSZ

cont e, 1 A hidshel e PUBEE AR 2L B0 Sy g ek 22
deposited by electron beam physical vapor deposition (EBPVD), which yields a
columnar, strain-tolerant grain structure that is able to expand and contract without
causing damaging stresses that lead to spallation of the TBC. Similar columnar
microstructures can be produced using other atomic and molecular vapor processes,

such as sputtering (e.g., high and low pressure, standard or collimated plume), ion
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In order for a TBCto remain effective throughout the planned life cycle of
the conponent it protects, it nust also maintain a |low thermal conductivity
t hroughout the life of the conponent. However, the thermal conductivity of
YSZ has been observed to increase by 30% or nore over tine when subjected
to the operating environment of a gas turbine engine. This increase has
been associated with coarsening of the zirconia-based m crostructure

t hr ough gplasma alepoditisre amdoalt foratsdof) el tingbandh deappratioaegepodision gotagséson, U. S.
Pat ent Ap{)l i catiq(zp Serial No,, 09/7?5, 228 to Rigney et .al. discloses a TBC
formed t olCebntathatis A laseiBaiing. ee-)ailnisPRtEash ISR $PARYIRE trclpigHgLaNC

t hr oughouj, f: i ¢ : T kLt Q3
pr eci pi ta%se%lpgleag?%r@(r) i eelﬂrsr%ﬁ‘??@ ?@3%3‘?“%6}“3%6? %grrn WJQIZI%SCP?O otrg’ pr onot e
grai n si ntesulting ianal THArcherdctayized dyp fat (nwmpkemiang graitse and ras deggreead  of

whi ch woul d 2 be densification of the TBC.and incre t her mal

conducti Vi 9‘.’10&9{19{%@?’3?8{%’( gw?fﬁdﬁf)??s@at ?@S@G%ﬁﬂg%{hﬁﬁ(gned U.S. Patent
Application Serial No. 09/833,446 to Rigney et al. is to nodify a YSZ TBC
to contai wheeySr TRCS #6diideNahploRédRin e seFort fRir dd3fhB18StBermal and
crystall ographic defects and lattice strains in the TBC grains and/or form
preci pi t addhesion chirpeteristicsathay ate susaeptiblede Jneshanigal dampee wrhinghe Yot gdsa and

t he addit i on OXi ) f i ' i.s¢cl e ing the
thor el cBIBGE ot LyoBF <0hS FaPdfhalle oot oty BeYheBiia s8Ry ERlE

benefi ci afo thinhgt frémhémpha aad kedsiohedaarigt by Matdpartidles Rsthahigtesdleci(y\gs) |
calcia (CaQ), strontia (Sr0) and barium oxide (BaQ), the rare-earth netal
oxi des | aftrarimnnach demgge aud ithe resulbvg, 1o ahy G Periguledy , ositdlangi e oxi de
(Gd203) : ' : et o OX] h1igkel oxide
(Ni0), ¢ ity E%%Zdi?cﬁ’g‘%%@ co a?s\t,\%hﬂsm%gluag%gg?Vé’néig)e?ésé%hgggrﬁ roRIGHS |
(SC2~3). d¢mtledwintaverandoconyerp swifdces nfithenadesj depending osubé pagictlaobtadaot ed

Feduce | S oran TBORRERFURR LR SRR, BPTeR SUEPoRIG farbut aso
conduct i Vighd fSre@@éddRnRRRPetfBrarPe Ghd Fud Reficiddes! TRU. Urrgine No. 5/589.8ab t he

thi ckness of a TBC, creating much hi gher stresses within the TBC due to the
m smat ch torBurisefet iabi amesosisin-tenistanh [[Bé&X jsadis¢losed (ioTH)ich alwpisa @HOR @rani ¢ TBC

and the u rlyi .l 4hst r at t [ ' t hat
such st regs}g(gosfl %Aéﬁggggfgdg td%%&?‘? g@% %rlgosp(rii\éegg%ﬂn%% ﬁaa %? ?E&B%bégéﬁgh, TBC s
t hat exhiwith thePBOY €tbnahompgkdig@sdU IS Ratent Applavatibm Sedal W [09/116,688br abl e
for nore demandi ng engine desians. BRI.EF SUMMARY OF TH NT he
present iﬁ@@?ﬂt’i%rﬁgé‘n‘?@"@&ﬁ? ;bgﬂicﬂ'é‘gr‘%“ghajﬁeﬁ%tmﬁa'ﬂ‘?rér&c% ﬁ@é( ) for a

COWD_Onenthnﬂﬁﬁﬂg &01chQrfivaSRIde BerlRiidrafinfRY hﬁcﬂ%ﬂ&mias(@g_)ﬁijahme_siy peral | oy
tur bi ne, conbustor and augnent or conponents of a gas turbine engine. The

TBC of t hinsreasevbaimpact enchivioart resistapeeonfaghie $BLengt h and fracture toughness as
a result of containing a dispersion of fine chroma particles or
precipitate her el er r rr I ol particl it hicn, 1ts

o out. mity ordbt T I e Sl (e, B P BEDAGE IR gitig Yyink

yttria- stapigongedit Proteais) i@ nant alsbemsifitaiith dowahérntill @snduskivith tioaglibus per sed

t hroughout the mcrostructure_of the TBC inc)]udipg.the YSZ grains and grain
boundar i €8¢ 1§e ofj thsrompepest,  Hoavesrs dhe dhesmat cenqustiviiy ofy %@grhasitﬁe%n anount
suf fici enfpebQell RGTiGAR el ﬁ'f 1904 8P Hhdte ARA: iR hMES sﬁﬂ@&@&IQ§ $hO@fopkfiind BC
generally at |east one vol une percent up to about t'en volune percent of the
TBC. The engtrohmemg of rprgay ddrbdrier engind. ailtlisf imeotase ehas cheghnesseciated t wieth TBC

increases its abilj to withstand high thernmally-induced stresses. that
bocur a5 AL OIhY PPy e AR COTHt Hiagh obd, EOrFRIORTE GRfless. I n
the formghinddambsyerdds. t AShaSIutidn! DS, FaRve APpliedioa Tl No. 89f765 2bgnt
chroma i's present "to increase the strength and fracture toutghnes.s t hr ough
di spersi dn Rigndenitng. dfisctdses nBEBEaf@nied] to writhia swall dimegntshet phagivace of

| ocal i zed canposi ti onal radients that ,woul d. decrease e | l.ation
Fesi st anduSapRitayptERed HenEic be g SPORPSRRES AR ol TBE: BUSED

i ncrease dihgirat prefigitheBektdr’ dGdd IBphRg RARSKoWll ofiRéwisandiovheF pfdmidet he
entire TBC, nore effectively than a discrete |ayer of chroma at the TBC

surface. &rhia syrtediemaed edarsening dngk pareicegagning theofonsepusptaobahichevaddi s al so
di stingui shable fromU. S. Patent Appl izcati on Serial No. 09/710,682 to

Ri gney et al., which discloses a TBC Conprising alternating |ayers of YSZ
and YSZ containing alum na and/or chrom a particles. Wen present as a

di spersion throughout the TBC (as opposed to layers), the chroma particles
provide a uniforminprovenent in strength and fracture toughness throughout
the life of the TBC. O her objects and advantages of this invention will be
better appreciated fromthe follow ng detail ed description. BRIEF
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thermal barrier coating systemon the blade in accordance with this

i nvent'i on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is

general ly applicable to conponents subjected to high tenperatures, and

particularly to conponents such as the high and | ow pressure turbine

nozzl es and bl ades, shrouds, conbustor |iners and augnentor hardware of gas

turbine engines. An exanple of a high pressure turbine blade 10 is shown in

Fi gure 1. pd densihBatRIneethd OrBENAH hbMadedCthiitied BRd@E! | AdGh&IRIIRRIn Whi ch

hot combustion gases are directed during operation of "the gas turbine

engi ne, apbpabsk;m semmaoky-assigned AES oPatestuBpplicationt SeriabNe IR} 446ntogases as

wel | as afttack oxj dat i.on ion and erosion. The airfoil 12 is

bt ot ect eqRigEmer ik Todardil s Y5254 BndPiientenaly s mpabafirsy

coating ({3Einceeass esidlosapanaticenlahy 146861 sk inhETBY Gaids addlyr firfnf Of | 12

is anchored to a turbine disk (not shown) with a dovetail 14 fornmed on a

r oot - sect pepsipitgtes of giseonin apsiéoriompoyad(shef ziecosiagad/or gtteip ang theadditional t he

airfoil 1 r QL i C , gk 0 hrans fr he

Bl ade. 10. i B AR hiER e idtelcied B FElclhil e AR ARRboNERA T

ref er enceYis@. t Metdli xideprdisctased ab Wabingethlyl behefidial sffeovnré thdal@bli-dartht he

teachings of this inventiogn are %g;eral |y applicable to any conponent on
Q

whi ch a t Fstaleridsa magaesia MMePhgairad (GRO)y seentiay(Ssd prd bariya ox Ot froma
high te a V] e hSOHe ecdhsl igure 2
asgi ncl Hgﬁ{r‘\:g}%éﬁem?gl %tgpggn Sc%gl?laggﬁ“?gﬁ’m%ﬁoi(ggophg{ eggf@%lcgNg{b@ )

subst r at eg&blinfune olkadet @d,08) sk dysprasid YIPy L), a5 weld upavel mwyalasudddshaes base

materi al of  the. bl 10. . As .i.S ical, wth TBC eng for,.conpopents of
Gas ¢ ur bi Askerid 00 BinitiaR oiarBys Sonatloh afidie I AR BB Sxieon, ~such
as an ove(gc?%)goati ng of an MCrAl X alloy or a diffusion coating such as a
di ffusion alum nide or a diffusion platinumalum nide of a type known in
the art. Alum nunrich bond coats of this type devel op an al um num oxi de

(al uni na) Ins eddidon do %mp@wtlpsalgm@mca&}ortsxwgtaSOﬁhosﬁr npled ahoie proaessig. The

alum na s L.GAl : - | i 1.Geils , or
TeC 26, ¢ Gepficaliof AT uERbhihe 18R03:Re b GHAPL o Ak W BPLHRLENIBYSY
r epr esent ¥8ZasHbawvergloaves tthaainal tonductnitiesricorrapond s urruek highbuthaanalgr ai ns
30. As known,in the art, such colu m crostructures can be achieved by
deposi t i n_gr%wet feughs thysih a*qufy%gr’@f, Sepe 'Béébi‘l&h%ﬁmiséﬁsnm‘@ﬂ’efhesuch as
EBPVD. Whirge sited fle! AhA&HdinS&es8diOihts Wf'thelér{%d? ‘éﬁpﬁﬂioﬁg(:@l"ﬁ)aﬁetwg& fe the

type shown in Figure 2, the invention is also applicable to noncolumar TBC

deposi t edcdsgmeutRCrant el yndeslypr gamatallisprubytiratg and bondideatg aisrpopsiblerthats pr ayi ng

(APS). The m crostructure his type of TBCJ racteri by

ol at - shapisl TSRS ol ke the bilfied #BRel ofif YSATRE" LRSS R Py

i nhonmpgeneitibit dRhre@dostidrigth BRé Pa&RNtoughNGst wWoildi Be RREiraklel faF | o r ect ed
to yttria-stabjlized zirconia (YSZ) as the material for the TBC 26. A

sui tabl e danpuling snginerdssignhe YSZ is about 2 to about 20 5  wei ght percent
yttria, nore preferably about 3 to about 8 weight percent yttria. However,
t he i nvengRreir KENIAEY e TREIRVIaNEIA | Y applicable to zirconi a-based TBC,
whi ch enconpasses zirconia partially or fully stabilized by magnesi a,

ceria, calcia, scandia or other oxides. YSZ nodified with additional oxides
to reduceThheresant doedien igenergllnrpsovilen awihetmal bardes cogingofTBE) ot avent i on.

The TBC 26 is deposited.to a.thi,ckness that is sufficient t ravi de t he
e roa SomRorC B a1 R b B P Rt st B Sbesb oy 16,
gener al | ycoribdshs a?fddﬁfgnﬁnt(ﬁb&ﬂ%poﬁénﬁs(bfaebgﬂé e @i e ThE SCBASfahisesul t of

t he process by which the TBC 26 is deposited, the individual grains 30 of
t he TBC 2mvartoncrhitistimproved stigngh agd fragtuiedpughiess asm ssult ok emfainipapt i cl es

and/ or prgclhi:tat Iy el " : i r.ai 0 and at
and bet wegl%b(? léﬁé)?g}ng%bh%%ﬁlgﬁa?@éése%c@%%ﬁt%g ﬁ)&?lﬁ%ﬁ%}r{\@/feen ?3% Sﬁbﬁg aghr om a
par ti cl espaficlds)spietiia iite pofvak dsitrobipdctrer dhs TR piefeailslg teonists eentidiiyadf i S

bel i eved to,pror‘r,P_te the overall strength and fracture to(iﬁ{}ness of the TBC
26 if pre¥it-stabilised sirconigmndhopeiiomia partieles (ghieR e dispersae trppghortithe

di sper si o w0 h A LS e rs of
chrom a. ?lrlrégqr) %{/Ué: rét‘?fe}g{:hﬁggdmctrlgg%r%kt %%%é?ggo&”%’g%BgH%daﬁﬁgr eases
the capability of the TBC 26 to withstand high thermally-induced stresses
that occur as a result of |arge t her mel gradi ents through the thickness of
the TBC 26. These benefits should persist throughout the life of the bl ade
10 as a result of the chroma particles 32 being insoluble in YSZ and
therefore remai ning thernodynanmically stable with YSZ at el evated
tenperatures to which the TBC 26 will be subjected within the environnent
of a gas turbine engine. The chrom a particles 32 are preferably present in
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The particles 32 preferably have dianeters on the order of about 0.001 to
about 1 mcroneter, nore preferably about 0.01 to about 0.1 mcroneter to
pronote the strength and fracture toughness of the TBC 26. Larger chromc
particles 32 in the TBC 26 are believed to be undesirable as being
significantly less effective at strengthening the TBC 26. A suitable
process for depositing the columar TBC 26 of Figure 2 is a physical vapor
deposi t i 0ImPoRSRES theddhotiRia0farfElsd sleqieddiit BNAMMGnt\aPRieftapqfdébasethé CVD) . A
preferred process is believed to be EBPVD, which generally entails |oading
a corrponeﬁgef(g}m ard facturectopghness afthef THE (ganerally yat {egsbenecdtme persent ¥p coat i ng
chanber, i fill] er. Wth
oxygen an gygt%}hﬂég B,?Jl%rﬁ%pgrg c géheaf%gh ﬂg ?%sglﬁ&g} ¥an 56‘%3[)5 E’;{? ﬁ%tgl gﬁg?ﬁagtué% anber
pressure. toiphnesnpOHNTBG ihdiedses Uppabilied tb nwitlistaddThigh tRenaaky-iduded e
ingots of the desired coating materjal, and one or nore electron beans are
proj ect ed SBFBES ﬁ@)chagl)es@go@grgedh@v%gfagte@tstthg)qghél@ﬁ EBgthicknesguce a
vapor that deposits (condenses) on the conponent surface. Wiile simlar in
TANY [ ESPEEife IinCONNRBElOPRiclEBRY the bR IRGLROLAS, AARORH bRBNENS
columar TBC 26 of this invention requires that sources of yttria, zirconia
and chr onpeesentdo prasasntthevstrdrigth emd fractunotoeghmeye tisrougo disperaivnl lerddnivgs TBC 26

can be de it by, si mul.t.aneousl y .evaporati eparate i.ngots of YSZ and
chr om . R er G peat i BgIEod e sebhi of Wel BT eSanmibai gratkenfiog: ons
or a di SpeHasindilddectdds® MeCspaBitidiereSi¥ARES af @€ THC PIIRE WHeksith JBhréfiia Anot her
alternative is to evaporate an ingot of YSZ and a separate ingot that

cont ai ns o#itisles senvaetoaincreaseethe strergth ond fackire tovahnesy 2 0S4t add phasefore s
chrom um : t | dieze: J I f ~QXVQen ult. in the
deposi ti o\rlll%g%ﬁ%%xrrggf & %%gfc@“)ﬁ ot?llg'?\?\n%tlsf%%%g%?e'gf%@?x%r?%%@@g T(/Bg‘f F‘lggz}cg's or

fi xt uri ngThe peRerms of atuaifonn dispersioasdficheproifa particdesio aRBdistingtishebleisoth t 0

sel ecti velpy deposit the TBC 26 of t&' S invention on particul ar surface
regi ons oM-¥-hitenpenlication fsrialaNa. PU7A0,6681t9 Rigney gt alheWhishadipdees asuch as
t he | eadi : I Ko . : pQsi/tion is
carried og?cggglﬁﬁg%m% %tgmagﬂgo%g%r%s’b ef?Y?g ? %%nX t%%e&gl}aé@r{%ﬁémgﬁ% ??dr/]{)all

parti cl escli@miepartiskent ddhdnrprEseptine a 2ispBesiautheoughpunthe TRC ifax oppokeibtoe i n
YSZ, the particles 32.remain as discrete particles that wll t alloy with
Yor' wi 1 i Fopish hEfhidfid FBoReBRyide €t BargVertean Sendeh pad BaerSien” o
porous M gfu@hhdsy Girbiighowt $hB lifbef them@@hrom ¢ particles 32 dispersed 7

within the TBC grains 30 and at the grain boundaries to provide dispersion
hardeni ng of the YSZ. Wile the invention has been described in terns of a

pr ef er r ed Okhps sseEsnand pdvantaggs, of s inyengion syviflebe pefisrsanpiisiated oyt ed by
one skill ggJ gt Qndingly, the scope of the invention is to be
limted only ?/é{itﬁael foc}efc(?&nﬁng clainms. 8 CLAI MS: 1. A conponent (10)
having a thermal barrier coating (26) on a surface thereof, the thernal
barri er cBRIERPESZRIPTHANIQK THE RBAMINGS |y of at |east partially
stabilized zirconia and a dispersion of chromc particles (32), the thernal
barrier c .ng; (26 i .Gk QS cture.comprising grains (30) and
grain bouﬁ%gl#%]g!ss,azlﬁ%sé)ggﬁ\(‘feg‘%e‘g 0313&%@ cérrgésjsu%%@?blgeel Se'l ocated within the
grains (30) and at the grain boundaries in an anount sufficient to increase
t he st r enBigareehid of crosstsecortabuighnebe bladé bEFigher Imalonpdine 260, srabdhong a( 26) . 2.
The conpopent (110) according to claiml, wherein the chrom c particles (32)
consti t ut egﬁ%ﬁ%@f&ﬁﬂﬁt&g SYBGm ony e%dmaﬁ@r ¢ Wi thisdnYeRéPRml  barri er
coating (26). 3. The conponent ( 10) according to claim1l or 2, wherein the

chrom ¢ ppEtiAl S HBLORATON DR PQVENTIOYN about 3 vol ume percent of the
thermal barrier coating (26).

The present invention is generally applicable to components subjected to high
temperatures, and particularly to components such as the high and low pressure
turbine nozzles and blades, shrouds, combustor liners and augmentor hardware of gas

turbine engines. An example of a high pressure turbine blade 10 is shown in Figure 1.
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4. The component ( LO according to claim1, wherein the chromc particles
(32) are not |l arger than about one mcroneter in dianeter. 5. The conponent
( 10) according to claiml or 4, wherein the chromc particles (32) are
about 0.01 to about 0.1 microneter in dianeter. 6. The conponent ( 10)
according to claiml, wherein the grains (30) of the thermal barrier
coating (26) are columar so that the mcrostructure is columar. 7. The
conponent The blajle 46 genctalby iricbudek an mirfoil W agahst whieh hotr coaibuations gades heast
partlally stabjlized b abou% 2 to about 20 wei ght percent yttrlaf. 8. The
conponent difect %l)d‘éfé‘%P TRiOR Bt Heagas tirbipe pngiphedneh Whoscesusiace dh thers grepart.a|

l'y stabil éx?og&g%?b’ 03 hBP cBmBEL AL zﬁ% %ﬁ%ell’ta% raltf'éck 38tk %T%ﬁg%%n(a

accordi ng ereln ernmal barri e coat | consi sts of
the at | eassiopar Th@lalr;%nbtlabuslpmwtedl frcmmtsa hastile aiperating dnviraimment BY avol une

percent c artlcles he co one according to

e e m |, TG bR AR STBR ey dlscheiiy Rl Pledin Heyioly s e

engi ne, aﬁielfonh@ fs%waled b@rarmﬁdin&a@kl(ﬁ& {hd%n) Ivﬁﬂﬁ@ﬂ@ﬁéta@d4qﬂnaed 8adi ng edge
of the blade ( 10). A gas turbine engine conponent (10) conprising: a

super al | o5eot @%tonalﬁeof tie) blade 1Bt AFoalinghpasergendB qro presont m thardirfeid 18f t he
substrat ethg‘ wﬁf}ﬂ bleed air is forced to transfer heat from the blade 10. While the

advantages 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 may be used to

protect the component from a high temperature environment.

The TBC system 20 is represented in Figure 2 as including a metallic bond coat 24
that overlies the surface of a substrate 22, the latter of which is typically a superalloy
and the base material of the blade 10. As is typical with TBC systems for components
of gas turbine engines, the bond coat 24 is an aluminum-rich composition, such as an
overlay coating of an MCrAlX alloy or a diffusion coating such as a diffusion
aluminide or a diffusion platinum aluminide of a type known in the art. Aluminum-
rich bond coats of this type develop an aluminum oxide (alumina) scale 28, which is
grown by oxidation of the bond coat 24. The alumina scale 28 chemically bonds a
thermal-insulating ceramic layer, or TBC 26, to the bond coat 24 and substrate 22,
The TBC 26 of Figure 2 is represented as having a strain-tolerant microstructure of
columnar grains 30. As known in the art, such columnar microstructures can be
achieved by depositing the TBC 26 using a physical vapor deposition technique, such
as EBPVD. While the following discussion will focus on columnar TBC of the type
shown in Figure 2, the invention is also applicable to noncolumnar TBC deposited by
such methods as plasma spraying, including air plasma spraying (APS). The
microstructure of this type of TBC is characterized by splat-shaped (i.e., irregular and

flattened) grains and a degree of inhomogeneity and porosity.

The present invention is particularly directed to yttria-stabilized zirconia (YSZ) as the
material for the TBC 26. A suitable composition for the YSZ is about 2 to about 20
5



a thermal barrier coating (26) on the bond coat (24), the thermal barrier
coating (26) consisting essentially of yttria-stabilized zirconia and about
1 to about 5 volume percent chromc particles (32), the thermal barrier
coating (26) having a mcrostructure conprising grains (30) and grain
boundaries, the chromc particles (32) being dispersed within the grains
(30) and at the grain boundaries to increase the strength and fracture

t oughnesswefght perdehe b, bivid ipeéfebht bbaht (26 .abbdt STheighapetdehbiyRfiacngi ne
component ( 10) according to claim1l 1, wherein the chrom.c particles (32)
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to claim1l or 16, wherein the yttriastabilized zirconia contains 3 to 8
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according to claim 11, wherein the thermal barrier coating (26) consists of
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(10). harden the porous YSZ microstructure, which is believed to promote the overall
strength and fracture toughness of the TBC 26 if present in sufficient amounts in the
form of a fine limited dispersion within the TBC 26, without discrete and
homogeneous layers of chromia. Improved strength and fracture toughness of the
TBC 26 increases the capability of the TBC 26 to withstand high thermally-induced
stresses that occur as a result of large thermal gradients through the thickness of the
TBC 26. These benefits should persist throughout the life of the blade 10 as a result
of the chromia particles 32 being insoluble in YSZ, and therefore remaining
thermodynamically stable with YSZ at elevated temperatures to which the TBC 26

will be subjected within the environment of a gas turbine engine.

The chromia particles 32 are preferably present in an amount of at least one volume
percent of the TBC 26 in order to contribute to the strength and fracture toughness of
the TBC 26. A suitable upper limit is about ten volume percent, more preferably
about five volume percent, so as not to compromise other desirable properties such as
spallation resistance and thermal conductivity. In a preferred embodiment, the
chromia particles 32 are present in a range of about one up to three volume percent of
the TBC 26. Within this range, it is believed that strength and fracture toughness is
significantly improved through precipitation hardening, with minimal effect on
processing, spallation resistance and thermal conductivity of the coating material.
6



20. A gas turbine engine conponent (10) conprising: a superalloy substrate
(22); a netallic bond coat (24) on a surface of the substrate (22); and a
thermal barrier coating (26) on the bond coat (24), the thermal barrier
coating (26) consisting of 1 to 3 volunme percent chrom a particles (32)

di spersed in zirconia stabilized by 3 to 8 weight percent yttria, the
thermal barrier coating (26) having a mcrostructure conprising grains (30)
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of about 0.01 to abou 1 mcroneter and being dispersed within the grains
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component (such as the blade 10 of Figure 1) to be coated into a coating chamber,
evacuating the chamber, and then backfilling the chamber with oxygen and an inert
gas such as argon to achieve a subatmospheric chamber pressure. The component is
then supported in proximity to one or more ingots of the desired coating material, and
one or more electron beams are projected onto the ingot(s) so as to evaporate the
ingots and produce a vapor that deposits (condenses) on the component surface.

While similar in many respects to conventional EBPVD, the process for depositing
the columnar TBC 26 of this invention requires that sources of yttria, zirconia and
chromia are present within one or more ingots. For example, the TBC 26 can be
deposited by simultaneously evaporating separate ingots of YSZ and chromia.
Alternatively, a single ingot containing YSZ and chromia regions or a dispersion of
chromia can be evaporated to produce the TBC 26. Another alternative is to
evaporate an ingot of YSZ and a separate ingot that contains chromium metal, the

latter of which when evaporated produces chromium vapors that oxidize in the

presence of oxygen and result in the deposition of chromia vapors along with YSZ.

Other process variables or fixturing, such as rotation and masking of a component,
can be used to selectively deposit the TBC 26 of this invention on particular surface
regions of the component that are relatively more prone to damage, such as the
leading edge of the blade 10 in Figure 1. In any event, deposition is carried out so
that chromia condenses to form the discrete and fine particles 32 represented in Figure
2. Because chromia is not soluble in YSZ, the particles 32 remain as discrete particles
that will not alloy with YSZ within the TBC 26. The TBC 26 is not fully dense, but
instead has a porous microstructure with the fine chromia particles 32 dispersed
7
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of the YSZ.

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 art. Accordingly, the

scope of the invention is to be limited only by the following claims.
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CLAIMS:

1. A component (10) having a thermal barrier coating (26) on a surface thereof, the
thermal barrier coating (26) consisting essentially of at least partially stabilized
zirconia and a dispersion of chromia particles (32), the thermal barrier coating (26)
having a microstructure comprising grains (30) and grain boundaries, the chromia
particles (32) being located within the grains (30) and at the grain boundaries in an
amount sufficient to increase the strength and fracture toughness of the thermal barrier

coating (26).

2. The component (10) according to claim |, wherein the chromia particles (32)

constitute about 1 up to about 10 volume percent of the thermal barrier coating (26).

3. The component (10) according to claim 1 or 2, wherein the chromia particles (32)

constitute about 1 to about 3 volume percent of the thermal barrier coating (26).

4. The component (10) according to claim |, wherein the chromia particles (32) are not

larger than about one micrometer in diameter.

5. The component (10) according to claim 1 or 4, wherein the chromia particles (32) are

about 0.01 to about 0.1 micrometer in diameter.

6. The component (10) according to claim 1, wherein the grains (30) of the thermal

barrier coating (26) are columnar so that the microstructure is columnar.

7. The component (10) according to claim 1, wherein the zirconia is at least partially

stabilized by about 2 to about 20 weight percent yttria.

8. The component (10) according to claim 1 or 7, wherein the zirconia is partially

stabilized by 3 to 8 weight percent yttria.

9. The component (10) according to claim 1, wherein the thermal barrier coating (26)

consists of the at least partially stabilized zirconia and about 1 to about 10 volume

percent chromia particles (32).
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leading edge of the blade (10).

11. A gas turbine engine component (10) comprising:
a superalloy substrate (22),
a metallic bond coat (24) on a surface of the substrate (22); and

a thermal barrier coating (26) on the bond coat (24), the thermal barrier coating (26)
consisting essentially of yttria-stabilized zirconia and about 1 to about 5 volume
percent chromia particles (32), the thermal barrier coating (26) having a
microstructure comprising grains (30) and grain boundaries, the chromia particles (32)
being dispersed within the grains (30) and at the grain boundaries to increase the

strength and fracture toughness of the thermal barrier coating (26).

12. The gas turbine engine component (10) according to claim 11, wherein the chromia
particles (32) constitute about 1 up to about 3 volume percent of the thermal barrier

coating (26).

13. The gas turbine engine component (10) according to claim 11, wherein the chromia

particles (32) are not larger than about one micrometer in diameter.

14. The gas turbine engine component (10) according to claim 11 or 13, wherein the

chromia partictes (32) are about 0.01 to about 0.1 micrometer in diameter.

15. The gas turbine engine component (10) according to claim 11, wherein the grains
(30) of the thermal barrier coating (26) are columnar so that the microstructure is

columnar.

16. The gas turbine engine component (10) according to claim 11, wherein the yttria-

stabilized zirconia contains about 2 to about 20 weight percent yltria.

17. The gas turbine engine component (10) according to claim L1 or 16, wherein the yttria-

stabilized zirconia contains 3 to 8 weight percent yttria.
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he gas turbine engine component (10) according to claim 11, wherein the thermal

barrier coating (26) consists of yttria-stabilized zirconia and about 1 to about 3

volume percent chromia particles (32).

19. The gas turbine engine component (10) according to claim 11, wherein the
component (10) is a turbine blade (10) and the thermal barrier coating (26) is
deposited on a leading edge of the blade (10).

20. A gas turbine engine component (10) comprising:
a superalloy substrate (22);,
a metallic bond coat (24) on a surface of the substrate (22); and

a thermal barrier coating (26) on the bond coat (24), the thermal barrier coating (26)
consisting of 1 to 3 volume percent chromia particles (32) dispersed in zirconia
stabilized by 3 to 8 weight percent yttria, the thermal barrier coating (26) having a
microstructure comprising grains (30) and grain boundaries, the chromia particles (32)
having diameters in a range of about 0.01 to about 0.1 micrometer and being
dispersed within the grains (30) and at the grain boundaries to increase the strength

and fracture toughness of the thermal barrier coating (26).
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