THERMAL/ ENVI RONVENTAL BARRI ER COATI NG FOR SI LI CON- CONTAI NI NG SUBSTRATES
CROSS REFERENCE TO RELATED APPLI CATI ONS Not applicable. STATEMENT
REGARDI NG FEDERALLY SPONSORED RESEARCH Not applicabl e. BACKGROUND OF THE
| NVENTI ON (1) FIELD OF THE I NVENTION This invention relates to coating
systens suitable for protecting conponents exposed to high-tenperature

envi ronnments, such throu as turbine engine.
More particularly, fﬁﬁ?ﬁ%’v@“\ﬂgﬁjmgﬁf@egﬁﬁm@% %H&G\g conposi tion
that exhibits inproved hi §h ten&erature stability when wused to protect a

si |i con-containi ng sufPRaEICEHyCONIAN RATEBLATED ART Hi gher

operating tenperatures for gas turbine engines are continuously sought in
order to increase their efficiency. However, as operating tenperatures

i ncrease, the high tenperature durability of the conponents of the engine
must cor r eREIBTiRIGFZRENG 2 < RESAFED iARRLLICATIAGNSEs in high tenperature

- capabilities have been achi eved through fornulation of iron, nickel and
cobal t - baNet appiaradllé oys. Wil e superal | oys have found wi de use for
conponent s throughout gas turbine engines, alternative materials have been

pr oposed. SFATEMENT REGRARIIARS FEDERALW'Q:ON@OREB'@ESEAMHCOH based
conposites with silicon carbide (SiC) as a matrix and/or as a reinforcing

mat eri al » N8f Spstidabfit l'y being considered for high tenperature applications,
such as combust or | iners, vanes, shrouds, airfoils, and other hot section

CorrponentBA@ﬁ((ﬂQ@U&\f)%enI&@"g}i\V?ﬁﬂé@ many high tenperature applications, a

protective coating Is required for a Si-containing

mat eri al n wth a suitable thermal-insulating |ayer
reduces tqgor?&g')rﬁg é‘—ﬁ\i’t’l and t her nal

This invention relates to coating systems suitable for protecting components
exposed to high-temperature environments, such as the hot gas flow path
through a gas turbine engine. More particularly, this invention is directed to a
coating composition that exhibits improved high temperature stability when

used to protect a silicon-containing substrate.
(2) DESCRIPTION OF THE RELATED ART

Higher operating temperatures for gas tu;bine engines are continuously
sought in order to increase their efficiency. However, as operating
temperatures increase, the high temperature durability of the components of
the engine must correspondingly increase. Significant advances in high
temperature capabilities have been achieved through formulation of iron,
nickel and cobalt-base superalloys. While superalloys have found wide use
for components throughout gas turbine engines, alternative materials have
been proposed. For example, composite materials, particularly silicon-based
composites with silicon carbide (SiC) as a matrix and/or as a reinforcing
material, are currently being considered for high temperature applications,
such as combustor liners, vanes, shrouds, airfoils, and other hot section

components of gas turbine engines.

In many high temperature applications, a protective coating is beneficial or
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gradi ent through the material. Additionally, such coatings should provide
envi ronnental protection by inhibiting the major mechani smfor degradation
of Si-containing materials in a corrosive water-containing environnent,
nanmely, the formation of volatile silicon nmonoxide (SiO and silicon
hydroxide (Si(OH)4) products. Consequently, besides |ow thermnal
conductivity, stability is a critical _requirenment of a thermal barrier
coating sY@9WiRd tar axSerogleitiag malgrinht Epr gkample, rgtectienyétaasuitable

envi ronmne Rt aj o r G her .1 npQrt ant roperties for the
coating ma %ﬂﬁ@rﬁ%%é@'ﬁﬁ??&% ZﬂﬂF SB%{EHE}QWE?}"@?B%{HE‘% O%J (%?E)"a]o
conpat i bl gradiemt threugh Gheontzagralng Auriittoriaily, sbieWw eeitigabshddiy provide

oxi dants, and chenjcal coppatibility with the Si-containing material and
silica sEAYEOIBERE PFoteRtieN Pynhibiing ABe majes mechasisn tasidegpadation of e
coati ngs : ' engl d tai.nl

mat er i gl ségggg%ﬁ]gé F@Qﬂﬁg\%g mgé}?zg@%?%g%%ﬁgd@ée'r Vi gﬁ\gglnéﬁ%ﬂe?'ﬁm&gar rier
and si nul thenfeomstign jof soladilensjlicemmianoxiden(SiO) pndtsilisondtydréxi¢e8i(0#l)gy st em

having this dual function be terned a therma)./environmental barrier
coating (RY "b’é%"s@gpﬁﬁquw&%%'ﬁ??A‘E}Wgﬁ?%@@ﬁ%ﬁ&cmﬂ% slabylity ista efticaly st ens
have beenrdduy ' : ki Iy 1] : i:ngs of

Y Cont o UGl U ineRnal bafiep RoRlinG QP eI dith BYBANBIRY maBfnt AT,

barri er |bighr tessperetureegadronmentse pontasring rwater rvapicss.anOtherHimeoréant YSZ
does not l4.8.0 Si- C aini.ng naterial.s. I €. or silicon), because
of a CTE %%Q%tfec%\%( atB%uctogf'Bg Iﬁ%iﬁr@&lchydeygzc%%afhgighﬁgf&?rml %83#'&’.’9 ppm EC
for SEC/ YCTEprgandtiess . withliHe tSICICNE@Rhg Fherialafow esdstnisaping efbras a
bond coat --fgr YSZ on Si- containing substrate naterials to conpensate for

this diffefdarts aRdchemicahgampatinilyiwith thecBEcontainiogmaegalppr Btira Bar i um
strontiu ) bkl BSAS g =45 been
pr opos edr%a%[éja@)ong {ggnggg?ﬁg@S? SI éﬁ‘%&t&? %'ell%ag[rﬁ%ﬁfoqgc@e%ft%g f?t@%ﬁ, t sberg
et al., UuBinPangite dompobeRiaTpaasdod Sioogtaihingl matetialh éssBntiBHY dave No.
6, 444, 335t ng .et al, . which are assigned to, the assignee of the present
i nventi orf @@ﬁu&ﬁ&%tWIngag%ﬂ ?}ﬁ%méajr?%”&f (fRdh stnylfaneoBslyngtaviding o been
proposed @wiRnficfial ptection. A coating system having this dual function may be

termed a thermal/environmental barrier coating (T/EBC) system.

Various single-layer and multilayer T/EBC systems have been investigated for
use on Si-containing substrates. Coatings of zirconia partially or fully
stabilized with yitria (YSZ) as a thermal barrier layer exhibit excellent
environmental resistance. However, YSZ does not adhere well to Si-
containing materials (SiC or silicon) because of a CTE mismatch (about 10
ppm/EC for YSZ as compared to about 4.9 ppm/EC for SiC/SiC composites).
Mullite (3A1>0325i0,) has been proposed as a bond coat for YSZ on Si-
containing substrate materials to compensate for this difference in CTE
(mullite having a CTE of about 5.5 ppm/EC). Barium strontium aluminosilicate
(BSAS; (Ba1xSrx)0-AlL03-Si0,) has also been proposed as a bond coat for
YSZ in U.S. Patent No. 5,985470 to Spitsberg et al, U.S. Patent No.
6,299,988 to Wang et al., and U.S. Patent No. 6,444,335 to Wang et al.,
which are assigned to the assignee of the present invention. BSAS and other

alkaline earth aluminosilicates have also been proposed as protective
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coatings for Si-containing materials in view of their excellent
environnental protection properties and |ow thermal conductivity. For
exanple, U S. Patent Nos- 6,254,935, 6, 365,288, 6,387,456, and 6, 410, 148
to Eaton et al. disclose the use of BSAS as outer protective barrier
coatings for Si-containing substrates. U S. Patent No. 6,410,148 al so

di scl oses bar,ium_oxide (Ba® and barium alunm nosilicates (BAS) as suitable
barrier c&R8HAGE ‘P'E)IS"SPUWHF%"ﬁ?ﬁ%‘alssHbé!t%t"ésfhe“s&#@“@@in%@\f'f@nm@ I

0. 75BaC I an I nmol ar
E)ercent ag% %%ﬁigi?{ggﬁ%ég ?é:k?%th%as Lé@\dm\"t rtthg eéghﬁ%qgfsefliaﬁgéﬁ

al kal i ne &gt 16,254)880,08,365 288 6¢387)456 t arwh 6, AEDCIm!{ﬂ ts Eatdn ehak didoiedeude U. S
Pat ent No 6, 254, 9 65, 7 456, .and 6, 410, 148.

Non- st oi cih%n‘éﬁ‘?l %p‘ﬂﬁﬁfll?fﬁ’? WGebarias sealings 5posdeontaigingexanyl e,
U.S. Pat egjibbipateS, ?@% FaferitNGD @‘1‘0%8%30Hs%ﬁ;ls%%‘?%r@njpaﬁlﬂbema e for med
of a mixture of an alkaline earth alumnosilicate , sStorchionetric
BSAS) andbariuadaluminesilidites| (¥e?) as suifahle bhuierncogtingg0oBy Sircamtaipimgse
fornmed of ggé%@g and either bariumoxide or strontia (SrO. The resulting

barrier referred to as a non-stoichionmetric BSAS, BAS or

strontiu |.I i (S S ult o _lncreased al um'_na cont ent
and a surt?S ?'8 i @2156%9&?%%54%%?@33 ve?r, ?Fle %gﬁkn%r | ayer

is not dbéﬁh%‘wﬁ[rﬁ)%lli’éﬁté“?rnala*ﬂ OBRRA a%.bng}re &ﬁs HRn but is

instead an alumnosilicate in ch are sperse ases orrred by reaction

of the adErarias s the picferred blkadine learthddpminasilicate f;omnppsmnn; tearbplesi er

S cont aP MR TbBRRET 85 PR RoR e BB RaR €005 208, PP TRsG B d be

desi r abl e6,410M48r Nonualt@neh.ohmgeBm@amm;tainstml% WeBh Fﬁ'éﬁb@écﬂed in
t he conbustlon envi ronnent of h%@éz t ur bi ne engi ne ( pressure

st eam andFRf &Piaﬁ'ﬁ’ie Y et-Ratent No. 788ula Eatqmemé @'@glﬁﬁﬁ"ﬁlazéﬁrftﬁﬁ of
existing By8s ki drsa RRUFENDGICOA! IdithIBC aaRhP Naltfloditddid gy | eads
ation o he o]

to degrad envi ronment al rotec I ve pro er I es c¢oat i ng.
Ther ef or estoichiowaetri¢ B)SASiﬂaad reabaaditife abmlosugi; atbreim hiuatna ¢AR0a) or ag
substrat eghg\seer or?r\/g ?belllﬁm%na and either barium oxide or strontia (SrO). The
resulting barrier layer is referred to as a non-stoichiometric BSAS, BAS or
strontium aluminosilicate (SAS) as a result of an increased alumina content
and a sub-stoichiometric silica (SiO,) content. However, the barrier layer is
not disclosed as being a homogeneous, single-phase composition, but is
instead an aluminosilicate in which are dispersed phases formed by reaction

of the additive with free silica that deposits or forms in the barrier coating.

Notwithstanding the above-noted advances in T/EBC materials for Si-
containing substrates, further improvements in coating life would be desirable.
In particular, longer exposures at temperatures sustained in the combustion
environment of a gas turbine engine (e.g., high pressure steam and high gas
velocities) have resulted in the volatilization of existing BSAS materials,
causing coating recession that ultimately leads to degradation of the
environmental protective properties of the coating. Therefore, it would be
desirable if coatings for silicon-containing substrates were available that

exhibit still lower recession rates.



exhibit still |ower recession rates. 3 BRI EF SUMVARY OF THE | NVENTI ON The
present invention provides a coating conposition for use in a

t hermal / environnental barrier coating (T/EBC) systemparticularly suited
for protecting silicon-containing substrates, such as articles exposed to
hi gh tenperatures including the hostile thermal environnent of a gas

t ur bi ne | T | It of this invention contains barium
oxi de, st ﬁgﬂFP}UNﬁf‘%&%ﬁgﬂﬂﬁW@ﬂp& silica in nolar percentage ratios
different_than that of stoichionmetric BSAS (18.75:6. 25:25:50). Mre
particul afhg, preseft) jigeentionomrevidgs a neoalibwt i sryeesitiarsi foromses imoa an

| kal i gl i . | | arth. ' e lf silica
s pr esent TRLRRYSRAEN ) BBkffer Bobu (TR, sPRei bariBllt; St ftbout 50
to 63 nol protpetinge siliconargptaiaithg subbbates/ suchpbsr artielegeBkpbsid 36 Ohighi onetric
BSAS), resulting in a E@GSrO contelnt of about 37 to 50 nolar percent
(conpar ed %%P%{Sgﬁﬁsz%‘c ing ther Besiller thermal anvireament ief Bsaes . tuilinee not

wi shi ng t@r@ﬁehel d to any particular theory, it is believed that the
rel atively higher BaO+SrO content and relatively lower Al 208+Si Q2 cont ent

[ h | Lt S ° ki ab] ver | ong
lagpgsﬁr g?ﬁ% r}ﬁ?ag@g?g%é?giﬁﬁf‘g@dmgn@?& chi %ﬁ% |§r1|§’£bag@k§o ’v%t??fﬁﬁ’i cul ar
phases hazlanie mnddeptidrialle dilidaomerbiarhpdreaniiget taties Hiffdreht than fas dieen

concl uded tp be bett h t. o oi chionmetric BSAS. One such phase
cont ai ns,Stﬂﬂphl'ﬂﬂ‘%wcpﬁ’%ér@,%ja%%@l&%57%}-o Bpartaiaa ilivais emittedabout 9%
to about the %ﬁﬁﬁé"’ﬁdrﬁpoﬁf?&\‘?is‘lﬁfff (e 3ol %A Hmnﬂﬁosiﬁ&ﬂfz“%ﬁ(’anabom 5%
silica, yielding™a nolar ratio of barium oxide, strontra, alumna and

si |l i ca ofalkgling eart: @uminate, 1f siksgpésc prassny,. tHEhALER6BK), bontent lre taO+Sr O

content af e B£SI 2 _con t, 10, the conposition is out 50 | ar
per cent . %#‘Ee?%ﬁ%@go? Jﬁéﬁg’ﬂ“f gg t\?ﬂ‘ﬁ]@ﬁ?% PRIREDH (FYAPR gﬂ ﬂE‘?“th/gDrml ar
percent, rabRitpstédnt foragtoichiohidtrieaRSAD) OXeARting P Wt BAP+HIPO2BeMENL @90
strontia, about_31%to about 32% al um na, and about 31%to about 32%
about 37 to 50 molar percent (compared to about 25 molar percent for
- stoichiometric BSAS). While not wishing to be held to any particular theory, it
is believed that the relatively higher BaO+SrO content and relatively lower
Al203+8i0; content in the coating composition renders the composition more

stable over long exposures at high temperatures than stoichiometric BSAS.

Five particular phases have been identified whose high temperature stability
has been concluded to be better than that of stoichiometric BSAS. One such
phase contains, by molar percent, about 37% to about 39% barium oxide,
about 9% to about 11% strontia, about 47% to about 49% alumina, and up to
about 5% silica, yielding a molar ratio of barium oxide, strontia, alumina and
silica of about 0.8:0.2:1:0.1, respectively. Therefore, both the BaO+SrO
content and the AlL,O3;+SiO; content in the composition is about 50 molar
percent. Another phase identified with this invention contains, by molar
percent, about 27% to about 28% barium oxide, about 9% to about 10%
strontia, about 31% to about 32% alumina, and about 31% to about 32%
silica, yielding a molar ratio of barium oxide, strontia, alumina and silica of
about 1.3:0.4:1.5:1.5, respectively. Therefore, the BaO+SrO and Al,O3+Si0,



silica, yielding a nolar ratio of barium oxide, strontia, alumna and
silica of about 1.3:0.4:1.5:1.5, respectively. Therefore, the BaO+SrO and
A1203+Si 2 4 contents in the conposition are about 37 and 63 nol ar percent,
respectively. Broad conpositional ranges for the coating conposition of
this invention are, by nolar percent, about 20%to about 40% bari um oxi de,
about 9% to about 20%strontia, about 19%to about 50% alum na, and up to
about 40ucentands in the sampagitionarerationt 87 pand B3 rgolan @egeenti reppestiydlyi ti on of

this i ' f& by 1 ncl t th {i
composi t | EHOARGOTRDSHHR Yarldbi b S g a0 P RRosREy G his, PEB 0B g
conposi ti f melargieecad, abouth20%ster Atssia 4096 iarihe oRieled aboat 8%TRY abelpr i se
one or nmore layers of silicon, mnmullite, stoichionmetric BSAS and m xtures
of mul |1t @03%natrani. ARovkAD%A 1 almgid 50% gluminae 388 Uptte AHOU6ARH siliat or

surface tenperature, the coating systemnmay further include an outernost
coating oA gpatisgrystemnipconwratiag ithg cealing siompositicuiof athise inventioni al s f or

t he outer t. L) S i i rcond.a or _anot.her

ni‘gn- t erpBrap T S d 3, BP80 Pe tashBlo: el RRRy RN AgdBiposi ¢ on
of this isMeohicontaniagarmaical by wHidtatRctedtirgeeorbpositioniis aiheiethtoahe
strontiumrich ceramc phases. These phases are believed to contribute to
the abili8yrfage.t meitable ibapdcerais INaY sieneRyise QR Pt MPTe daxgrsr efcailieedbn rat e

N the CORMMRL: ABICHIhEOREEASOENG nfidfirdd bPflite BRE!AGchiHdiflc BSAS.

non-stoichionetric in terns o ne earth allumnosilicate
conposi t i dadnasedeiits allwvaids toutéhsurtarat fentperatipesths ooativiy systemi magntion is
chem cal | i m I.aru%fg st oi chi onetric resL%I coatin

SAS. As t, th
compos t 1 BiTHEAn UG o801 1CLPTERPRS: SPRRRGmaD: AEdeaitoging: Tie GRUB: at i on
that a ste&R8oSHBA! COLitANE MndrialLidrsthel ARBARSEMNESAHg RcIRILERbRSH e
mechanical integrity of the coating system her objects and advantages of
t hi s i nveRi¢ama @ Bnother hégh-tampgrgiweiceramia materialhe fol | owi ng detai | ed
description. BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 schematically
r epr esent SomphsiiBOss fat the iovatling ocatapositiant of thie invention are generally

characterized by aluminum-rich and strontium-rich ceramic phases. These
phases are believed to contribute to the ability of the coating composition to
exhibit a lower recession rate in the combustion environment of a gas turbine
engine. While non-stoichiometric in terms of-alkaline earth aluminosilicate
compositions used in the past, the coating composition of this invention is
chemically similar to stoichiometric BSAS. As a result, the coating
composition can be deposited on stoichiometric BSAS, with the expectation
that a strong chemical bond will exist therebetween that promotes the

mechanical integrity of the coating system.

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

the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically represents a T/EBC system in accordance with the

present invention.

Figure 2 is a scanned image of a stoichiometric BSAS coating that had
undergone JET testing conditions at about 2500EF, and which exhibited
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present invention. Figure 2 is a scanned inmage of a stoichionetric BSAS
coating that had wundergone JET testing conditions at about 2500EF, and
whi ch exhibited -5 alum numrich and strontiumrich ceram c phases.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is a coating
conposition for a TIEBC systemsuitable for protecting silicon-containing
conponents subjected to high tenperatures in the presence of water (water
vapor), ialgmioiimerichandhistyantiuim-nichncerasiie pheses.ur bi ne vanes (nozzl es) and
bl ades (buckets), shrouds, conbustor liners and augnmentor hardware of gas
t ur bi ne eDBTANSEDEESHRIBTHIONDF ITHEINYENTIONNg materials for such
applications include those with a dispersion of silicon carbide, silicon

nitride anke presantiinpantici ’f arcemingtcompedition fomad/FBGLYstenpeuitasianet al 1i ¢
matrix, as well as those having a silicon carbide, silicon nitride and/or

si | i con- dORPEIRFIRG AEPM-EONtRIRINg SoMRANEANs Sublsrisssiorhighderapetatyrestint
enpl oy S't'hla"@n%s%ﬁé@ 6’|‘ewa§ér ng»gé{ar Vd bt)dqaélﬂﬂg@’d% Eg@fé%nﬁslownyﬂeéélﬁe

rei nf orcenen mat ri x eri al ram c trix

conposi t esrificdPanes\thozdes) ard ddaded dgekety), shicsidspeembustornkts aed

descri bed th refer nce t a turbi ne engpne c ents, the. teachings
o e R Pt s et PhoRs TuEke PRS- LGP IS Pl SUroRSROENT Gy

conponent muhgses Jbt Isteh ﬁﬁﬁﬁced%nésmcﬁ}df@ Bdsd %tfP'aaHEépb?éléh%\' sifica| ti | ayer
coating system 14 in accordance with an enbodi nent of I nvention is

schemat i cearbigle; sjficosenitrite andmrgah@m reinforseimant matsrighrrealmetai@ osur f ace
region 12 of atgﬂl | ] con cont a|"n| 0g qnent 10I | S RE %tci(:t eﬁ b t.h T/ EBC
syst em 14'°NIRF i c2s WHIoae thcise 8&5‘%8:&' I8 Sl Ga " & 8H€%si tion
24 cont aigHdlgr dMicenkedritaigirepmhdtritetatd Qaiedllsry Adfddgite aRitéhals GRFPOsi tion
of this invention, and a nultilayer bond coat forned of bond coat |ayers

16 and 2@MpeY lsan efybgestséwmmtr@ei /e slicpn sy brthdbe reinjercemesht al
protecti anlotl‘?] fu‘l? %X{e@g Sit/ERS Be a‘?%%?&er X Y&l (@Mcpe%ﬁﬁ‘et he

operating enpera onen enabllng
the advantages of this mventlon will be described with reference to gas
turbine engine components, the teachings of the invention are generally
applicable to any silicon-containing component whose silicon content is

subject to volatilization.

A multilayer coating system 14 in accordance with an embodiment of this
invention is schematically represented in Figure 1. As shown in Figure 1, the
surface region 12 of a silicon-containing component 10 is protected by the
T/EBC system 14, which includes an optional top coat 18, a coating
composition 24 containing an alkaline-earth metal cerémic (alkaline earth)
composition of this invention, and a multilayer bond coat formed of bond coat
layers 16 and 20. The coating system 14 is intended to provide
environmental protection to the underlying suiface region 12, as well as
reduce the operating temperature of the component 10, thereby enabling the
component 10 to survive within higher femperature environments than
otherwise possible. To promote the latter, a particularly suitable material for
the top coat 18 is stabilized zirconia, preferably yttria-stabilized zirconia (YSZ),

though it is foreseeable that other high-temperature ceramic materials could



conponent 10 to survive wthin higher tenperature environnments than

ot herwi se possible. To pronote the latter, a particularly suitable nmateri al
for the top coat 18 is stabilized zirconia, preferably yttria-stabilized
zirconia (YSZ), though it is foreseeable that other high-tenperature
ceramic materials could 6 be used. A suitable thickness range for the top
coat 18 is about 25 to about 750 (Dm wth a preferred range believed to
be about B® usedabdsuitable thigknegs pengs i B8 tPRCIM NS isahaut Z5pta @beuton. The

(o o "or roaaim iy Bl Bhdt oPleleehlh 3wl $T% ABRRE AR3TREN o
vol atile dé;:béﬁ:](ﬁﬁ@ oA pafifcuia APplieBelosi | i con hydroxide (Si(OH) 4) products.
The diffusivity of oxidants in the top coat 18 is generally very high if

formed of Tﬂé%ajoﬁ%e%hﬁﬁﬁﬁ?fdr]f‘o@tgﬁécﬁﬁﬁn K sifdoh ity SMELRBaskd @ofgeiinyge- earth

metal ceramc “conposition o e coating conposition 24 exhibits |ow
di f f usi vi teygs cilmondearbile) iv. q) corrosivgeandranmenicls theptormation afherlafiler e

o5 ST BB he S B BieEd! hyRlenkl DGR HohBERar cEhE"
the surf agiusREy ofokidahts hafBitdh ag8et B R géierhlhe veREEIGRIIF O AMEAYEIYSEVer e
thermal conditions. Finall e bond coat layers 16 and 20 serve to

. the bond : .
pronmot e the adwessrsd cﬁspﬁﬁé ofothei iyerdppodhei alkaine-earth heetalupergdicr egi on
12 of the . L £t s 16 and
20 i ncl udeTPPROGhr i pPHIG SfeRRIER 24 Sxpitis PR SR oS, 1
BSiAS. Forev\.ﬁzgi'amygﬁn ahe virateewgpon(hrm?ﬁteréfwerinﬁiﬁitmidﬁlimi of theas'sie??i al :cy of
silicon, ile the outer bond cqat |ayer 20 .consi st ssentially o
mul 1 ite oforgen; withinet sw\%qqq f%"é%oﬂ%t"ﬂ?’l?n?@@?‘ﬂﬁ %@sﬁﬁ‘?"tﬁ(nc“%'ﬂqaﬁﬁal third
| ayer 22 |} [ | i | ' of
st oi chi orrée'?(% FE%%{mgﬁmgﬁ\% Itrhgtﬁ%eér%{rfzﬁ% éz%%%n%?ﬂf\fﬁﬁ?ﬁ%&%@?%%men
t he diff eregitin ABtundeslsevefe themabaphdijiocenpgosally,dhedaorahdoathlaybrsnd6 coat

20. The use. of, siljcaon a he I nher npst t he

conti ng S O Sarve 0 Tuttaee nd Adrelbar i HES oA PRl 24 T dhe s ance
of the sugdrake fe@rPN2 X tA@@omponent 10. Suitable materials for the bond coat
layers 16 and 20 include silicon, mullite, and mixtures of mullite and
stoichiometric BSAS. For example, the inner bond coat layer 16 may consist
essentially of silicon, while the outer bond coat layer 20 may consist
essentially of mullite or a mixture of mullite and stoichiometric BSAS. An
optional third layer 22 is shown in Figure 1, and if present is preferably formed
of stoichiometric BSAS as an environmental and/or transition layer between
the different materials of the coating composition 24 and the bond coat layers

16 and 20.

The use of silicon as the innermost layer 16 of the coating system 14 is
particularly useful to improve oxidation resistance of the surface region 12 and
enhance bonding between the surface region 12 and subsequent layers (e.g.,
mullite) if the surface region 12 contains SiC or silicon nitride (SiaN4). A
suitable thickness for the silicon layer 16 is about 75 to about 125

micrometers.

Mullite or a mixture of mullite and stoichiometric BSAS is useful as the middle
bond coat layer 20 for adhering a BSAS layer (e.g., layer 22) to the Si-
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enhance bondi ng between the surface region 12 and subsequent |ayers (e.g
mullite) if the surface region 12 contains SIC or silicon nitride (Si3MN).
A suitable thickness for the silicon layer 16 is about 75 to about 125

m croneters. Miullite or a mixture of nmullite and stoichiometric BSAS is
useful as the mddle bond coat |ayer 20 for adhering a BSAS | ayer (e.g.,
llayer 22) to the Si -7 containing surface region 12, while also preventing
interacti @ﬁ@taﬂ@ﬂ%@ﬂﬁa%,&%@ﬁm%eﬁfylﬂm prewgntingl intaxactiogs bafmeenat ur es.

i bl h h
S ~cont i Hos ek T sutefe SR 1R B Rl BorPlate.,” 208 Bsened O o7
ppm EC, WBISAS irsa ehirse layer witheullifdisodorib &l GitiMbe(Sixoutaiding QQMHCEC) t han

mullite (about 5.5 ppm EC). A suitable thickness range for a

mul 1 i t e/ niBgiPh d2E8ASHS i hewing al(‘a“plérofza@ouﬁ 50 ppm7BC whighoigtclass toDm

ayer 22 B SUE BT SRR (GPRY BBl A PPafer 685 pmdlit BEBRE S Bone
envi r0“Wﬁg?ﬁﬂm@gm@%ﬁi@ﬁteaﬂﬁcl{d@%é%h Q%F'aan Itﬂémﬁtfetre%ﬁ@%oh@ coat
ow the%J cruct ivit Ei'

stoichio ric BSAS having a con I'n ~ particu
st oi chi ontayer 20BSABous7 2bd abbwt H&5 (Dm,atﬁap@lmdmgvmm t?m‘rpa’rtlahlabapphﬁtldm_ an
underlying mullite-containing layer (e.g., layer 20), which can exhibit

si gni fi calhe Preséricendt h\WdparatedB Akl bt 20tdveR yirlg ﬁmﬂm@ﬂnhmt@mﬁsvapor at
high tenperatures. As a result, the presence of the BSAS | ayer 22 is able

t o i nhi bi yeu?é)g:f@mﬁsOeX%ﬁilenht%}wr@@mnt@h prcaigcm@yeandatthemalsbarrme regi on

Lur bine - BoperEeT A shichBrRiIRENAS haytfe Ay BeflBhd AT, B ° 0%

Si G- cont apalitlnglarsstbﬁﬂcah@tnc%ASas abhﬂﬁtcssémem airegnwmniﬁentahdarrbrrt@ atively
conpatible wt and the Si-containing surface region 12 in terns

of CTE. A?%u‘u"i‘gedly@g t/AH t&fé%%farfarr'@éasf%rr (BKe BYRS £A)ewh wh° panaBibIt125 1o
about 5005.§Rﬁbamd§m6addd?9.tfranah@ouaﬁriata%w @rex?BQécﬂ qgtwatar vaRer aét‘ﬂfféh“e earth

metal ceramc material of the coating conposition nera

char act ertemperdiuras.uAsraurasuitc thegpréssneenf thenBBASHayer 2:2nscatpibete d@rshibit
the growth of an interfacial silica layer at the surface region 12 when the
component 10 is exposed to the oxidizing environment of a gas turbine
engine. In addition, BSAS is physically compliant with a SiC-containing
substrate, such as the surface region 12, and is relatively compatible with
mullite and the Si-containing surface region 12 in terms of CTE. A suitable
thickness range for the BSAS layer 22 is about 125 to about 500 &m,

depending on the particular application.

The alkaline-earth metal ceramic material of the coating composition 24 is
generally characterized by aluminum-rich and strontium-rich ceramic phases
that are believed to contribute to the ability of the layer 24 to exhibit a lower
recession rate than stoichiometric BSAS compositions, such as the BSAS
layer 22 of the coating system 14. To have this advantage, the coating
composition 24 contains, by molar percent, about 20% to about 40% barium
‘oxide, about 9% to about 20% strontia, about 19% to about 50% alumina, and
up to about 40% silica, wherein the BaO+SrO content in the coating
composition is about 37 to 50 molar percent and the Al,Os+SiO; content is
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that are believed to contribute to the ability of the layer 24 to exhibit a
| ower recession rate than stoichionmetric BSAS conpositions, such as the
BSAS | ayer 22 of the coating system 14. To have this advantage, the
coating conposition 24 contains, by nolar percent, about 20%to about 40%
bari um oxide, about 9% to about 20% strontia, about 19%to about 50%

al um na, and to about 40%silica, wherein the BaO+SrO content in the
coating @&wt)éBttpcﬁ%S molareereenty Withiothis campesitionsd rangs, five pariadasi o2

Five: part PLaRar TR dea P kB noGE M rertbisiids HeBifrEhRRkG B "°"°

st abi l ity that msmhnamamc BBAS. ofThelsel pihasusetidénstified s ATRBEgRIESeR
identified as A_throu h E, are summmarized in Table | bel ow. Table | Mol ar

Per cent MbSHMM@Zes\ME Eabled belayy. Baosr 080 Sb 2BaCSr O Al 903SKBaO+Sr O 3
3Al ZO+Si 0? A37-399- 1147-49t 0 50. 80. 210. 15050
B25- 2615- 1619- 2139- 401. 250. 75124060 e d114- 1642- 4321-221. 250. 75213763

D22- 2314- 1532- 3330- 311. 250. 751. 51. 53763
E27- 289- 1031—%28&@@%9—%%5%53763—%%0%@-&@@5@@10% for the

(" Ln0oraEE s Aot [ e ASTMIELEE BRs suosi,
near - st oi hl:gr@t rigerqal kalsgnegart h mpnat e; having th%oappro mat e
corrp03|t|§n of (B%SrO)AlZOBtO%hase@g cont ai ni ngb3| lica (e.qg. ?ébabout 3tob5

nol ar per gents)2eand-she 1peiai gi-nY cef. g @ 78hase conposi ypons cgy be
referred to as non-stoichionetric alkaline earth alum nosilicates. |In each

case, theCBaD#Sr O4artd A2283+3-B2 conk®nbg5i e t he1coati By conpesition 24
D 22-23 14156 32-33 30-31 125 075 15 1.5 37 63

E 2728 910 31-32 31-32 1.3 04 15 15 37 63

Each of the above compositions for the coating composition 24 differs from
stoichiometric BSAS (0.75Ba0+0.258r0+Al,032Si0,). Phase A, if silica-free,
is a near-stoichiometric alkaline earth aluminate having the approximate
composition of (BaO+SrO)+Al,O;. Phase A containing silica (e.g., about 3to 5
molar percent) and the remaining ceramic phase compositions can be
referred to as non-stoichiometric alkaline earth aluminosilicates. In each
case, the BaO+SrO and AlOz+SiO; contents in the coating composition 24
are relatively higher and lower, respectively, than stoichiometric BSAS.

fn an investigation leading to this invention, a stoichiometric BSAS coating
(0.75Ba0+0.25Sr0-Al,03+2Si0,) on a SiC/SiC CMC was subjected to a flame
test in which surface temperatures of about 2500EF (about 1370EC) were
sustained for about fifty hours with a five-minute temperature cycle. The test
combined the presence of water vapor (from the combustion of a propane and
oxygen mixture used as the flame source) and a gas velocity comparable to
Mach 0.5 from the impinging jet stream. Examination of the coating samples
after the completion of the test revealed that local volatilization of the BSAS

coating had occurred, resulting in the formation of porosity in the coating as
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are relatively higher and | ower, respectively, than stoichionetric BSAS. In
an investigation leading to this invention, a stoichionmetric BSAS coating
(0. 75BaQ. 0. 25Sr OA1203.2Si 2) on a SIiC/ SIiC CMC was subjected to a flane

test in which surface tenperatures of about 2500EF (about 1370EC) were
sustai ned for about fifty hours with a five-mnute tenperature cycle. The
test conbined the presence of water vapor (fromthe conmbustion of a
propane aBbown)y ddgurei Xt Gnefuithed anslysise ittwasmdetepmines) thah theapores wedeoci ty

coat 1 ng s FerP & < poris” B 1F iER, i RBnet ok the Hoap EPaehd bl ¢

vol ati |'i zoblatilized, ame tRAhe eomipoRBionasf @S whstedal %aﬁyhﬁaingzﬂh@ &Bn%s
| .

formation of porosity in the coating as -9 shown in Figure further

anal ysi s, cPftajgesd abinmiprinnEch {(Mamina)canshssantiigpdich: (sopta)uphasss whisbr ti on of

the silicg; 3 3 1.Nng E | at [.Li , . at the
conposi ti glrc]jc @&%ﬂg&tﬁgﬂ IérsI‘-ﬂ% Qﬁ@%ﬁ%&'?g' t\&gh%%ll‘g}s‘ﬁ]u@%h%@iéﬁgosﬁqqﬂ!%um rich
(al um na) rieimpletsesnaieu predenlt ifstucht srazllghasundiin Btoidhidnivitic BBABI t any
signs of volatiljzation. Wile alumnumrich and strontium rich phases are

present i FORNGT Entier 33-dgRBYIRG condition e giveien amaupls ollbgseifiases the
as- deposi ¢gicaRAdvith elpldtdh O SRS frofl I BRAY bBAIE P S feshightis, dod Wi t h
I m t he BSAS, el I gat1 on,

depletion of silica fr coating 1n-t ves resul ting
in a non-resoititigh dmet npo-skgskionestdc | BSAShmaderialr chardcteyized | at irslatiyelyhi gh

I I f,. ' i t] d_siqgnif.] ly | I | f silica.
The. non- VIBHIRTHS o8 Sfisbieiahd el aReSbel yo R s iy vere
det ' by m .0be to h the fol | ow i mat iti ,
ahi ch r of AR EYPRUIRY (GREAE: PRABHHARBRIOSTIE SIS GIAING, BKPren Tabl o

'A23;ag'18 dééé?&r?@ge?r gg%mroBB%Eﬁ&@&r%‘f&%ha%p%réﬁin%?e o SitorfD

which are the basis for the ceramic phase compositions identified in Table I.

Table il

Molar Percent

Phase Ba® SO ALO;  SiO,
A1l 38.9 9.97 47.68 3.65
A2 37.5 10.85 47.38 4.23
B1 254 15.31 20.04 39.2
C1 20.8 151 427 215
D1 22.5 1446 32.88 30.16
E1 27.8 94 3159 31.16

Accordingly, all of the ceramic phases were generally aluminosilicates, but
with a molar ratio for Ba0:SrO:Al,05:Si0; significantly different than the
original stoichiometric BSAS coating. As evident from Table I, the non-
volatilized aluminosilicate phases were relatively rich in barium oxide and
strontia, and depleted of SiO,, in comparison to stoichiometric BSAS (by
molar percent, 18.75% barium oxide, 6.25% strontia, 25% alumina and 50%
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B 125.415.3120. 0439. 2 C120. 815.142.721.5 D122.514. 4632. 8830. 16
El 27. 89. 431.5931. 16 Accordingly, all of the ceram c phases were generally
alum nosilicates, but with a nolar ratio for BaO SrQO Al 203: Si Q2
significantly different than the original stoichiometric BSAS coating. As
evident from Table Il, the non- volatilized alum nosilicate phases were

xi de and , strontia, and depleted of Si02, in

hekolheie !%fh(—\h%&ﬁ%&%@ e qesARIG BYase Were BISCEsh I alimiBg, EASLRE oxi de,
6. 25% st T gud 'p#was@?yéi?éréw fhe @ﬁgra%@eﬁstléoof'ﬂa'v@ ahﬁksdhe?“ 2By r@f nidigr ceram c

phases were also rich in alumna. Each o es s are
char act er content gabdt\dnty 20 halhrpeBadh)Sard atkb\aer Abent-8i0, fretterutord@nt o 50

nol ar percegnt d | oyer Al 2 nol ar content _ _(about 50 to 63 nol ar
per cent ) fﬁﬁcﬂ}tt@re}oc@ e, ?{%ﬁ?”%en‘b‘? rigsRoRding ‘Iggt?(édnoa‘ﬁ@f(bf% donetric
BSAS. Fr oA $thehidaskic gsAgas concl uded that the conbination of a higher

al kaline earth content, a higher alum na content, and | ower silicon

content i pr@f thal éﬂ?d\)e“@t %étébn%idﬂéd“gﬂrt'thé%o‘?nﬁﬁgﬂéﬁ otFaaVﬁr%Qf Shidimet of

reducing the wvolatilization rate un severe conditions I'n a gas
t ur bi ne eagithecomsnt, saidtigher ahannnagc(mteglt,, andaibweg sitheqro siontent Mann Fi gure

1) forned edom nantl y.or .entirel one f the cer am phases
i dentii fi ealkgh fe-paphe glu Hl?&r'ﬁa@%%‘?%' |h&¥f§f Cf) rerdé'E@gm rate
than stoi maﬂmbhclfat@%%erE’e@:éh@%ohhmoﬁgr@ﬂh:ﬁ 9 ?éﬁmrbﬁ@ﬂéhéuhéd Jt\@. Tabl e |
are chem cal I y simlar to stoichionetric BSAS, it was al so Toncl uded that

t he coati $4F =ccﬂrp@£éﬁftﬂgor(92gl1 f 6PRRNY oformpgsiiae @4 nibr ighre hilsefophedes woul d
forma ) A f the
coating é{?g{agnrlnﬁ%%m n Pg'ﬁé;hg O\fnotn{:% h@rS §ep#§ﬁ8?%ﬁégﬁ%§§ﬁ§%%ﬁ?%'g%a 'ﬁt egrity
of the coablenyshysitieaxtisit aighificarfily- ardraigtiesgionurdtadhan egbiehichdetdit a
SidSiC ' Th§ sili Cﬁ_l content of the geram c. phases is believed to be of
particul a AS ecause the ceramic phases identified in Table | are chemically

similar to stoichiometric BSAS, it was also concluded that the coating

composition 24 formed of any one or more of these phases would form a

strong chemical bond with BSAS, such as the BSAS layer 22 of the coating

system 14 in Figure 1, thereby promoting the mechanical integrity of the

coating system 14 on the Si-containing surface region 12 of a SiC/SiC CMC.

The silica content of the ceramic phases is believed to be of particular
interest. It was concluded that a silica-free coating, ie., the phase A
composition of Table | modified to be free of silica to yield an alkaline earth
aluminate, could potentially offer the best resistance to recession. "An
example is a molar ratio of about 0.8Ba0+0.2SrO-Al,O3, though other barium
strontium aluminate compositions are aiso believed to be resistant to
recession as a result of the substantial absence of silica. However, with its
relatively high AlO3 content, the CTE of a silica-free phase A coating may be
sufficiently higher than BSAS to lead to spallation from thermal cycling.
Therefore, it may be preferable to use a silica-free coating as an outermost
layer if appropriate intermediate layers are present, such as one or more of
the layers 16 and 20 discussed above and represented in Figure 1. On the
other hand, it was concluded that the phase B, C, D and E compositions,
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interest. It was concluded that a silica-free coating, i.e., the phase A
conposition of Table | nodified to be free of silica to yield an al kaline
earth alum nate, could potentially offer the best resistance to recession.
"An exanple is a nolar ratio of about 0.8BaO 0.2Sr0AlI 203, though ot her
barium strontium alum nate conpositions are also believed to be resistant
to recession as a result of the substantial absence of silica. However,

with its W%PPQ@F'}/SWPQFIEM?UQE%@@'@% a silica-feaepbasa Ascompasitipa @nshase A
coating may |aﬁom%'t'rf1;§]'5§£f%té% Qlﬁsg'}?émrta%@cg\?@r a{t)‘ﬁngetﬁgt é)?hlﬁﬁare%@,&%n%%rf rom

t her mal cyc t may be e to usSe a si

coati ng abo anecea@enno%uch ammeﬂm@pcm’ppoatlenst nsheouick bt sdfaly eiss ar e
present, gh as _one or nore of . the |ayers 16 and 20 di scussed above and

represent BH srost javer ar agan govirgRments) Goating prefacted y agerptermest he
phase B, fayeP st ds #RIBAI0ak ABiscubbeltibole LR hfbstntdd fh EBUAL 3, s

|nterrred|ateaS|I|cafr epase conposition an stoi C

are also gf%feWBl‘ fhe HB\‘?é'é LR d&gbgﬁqgsg;&%h& a[rSSérﬁ)i O, ddbe y@f% such

i nt er medi at e conposi |ons ou as an r as an
envi ronrrettteaba[tmatarr@phcanmtf@dtHeyccaatlr@JSystmt Fohﬁ}m artivlels iaswhigf t op
coat 18 dj scussed above an& resented in Figure 1. In view of the above,

several cB&Eempeatireat thy srating kderfaes E]%’l rﬁ‘QCB @bouh24QRkk (@l

e at ur 2! 20 R SRRRS BB s L e A AT e E 5 G o

1315EQ) aadomuleﬁ/aﬂ?/&mhﬂhgrsfystelenai)ﬁB@fmsébolmtwﬂﬁﬂ(iﬁ& inmstedst lAZREC), a
four-layer TILEBC coatjng system may he used, in which the innernmost |ayer
is sili co'ﬁ gilicen (eygayiayen 46 i Figtie &)1 the onkerinst lavast (6.ay dayere24.in | ayer

24 Tn_Figighfe 4 WhEreh fd s L8R 5§88 offitibd) RihEd)of hel 8F Fifler RB° ©F

nore of t ceram ¢ phase ‘conpositions 0 I'avention,
i nt er medi mremlaym'rase ¢emgositibay eofsth&) iramahtiaa, andﬂvgnnrﬁeﬂr)leanate payesent : the

i nner | aygr 0 i ch sf d of either a crack-free
mullite of % fﬁy%ﬁj?b %\dr%ﬁfr? ﬂgé"%\ﬁ)gar%f’f)‘?w t'Pn%” &Y VS | ayer
(e.g., | ayewhith) isoforiebcer é@néroé @ch@free%@lhfé‘bP@HktﬁreB%ﬁ%ulhfé aHgh a
coati ng system the BSAS | ayer 2
stoichiometric BSAS; the outer Iayer (eg layer 22) of which is formed of
stoichiometric BSAS. In such a coating system, the BSAS layer 22 would
contribute as an environmental barrier coating. Alternatively, the BSAS layer
22 could be omitted, such that the coating composition 24 of this invention

would serve as the primary environmental barrier coating.

For applications in which the CMC/coating interface and coating surface are
expected to sustain temperatures of up to about 2400EF (about 1315EC) and
about 3100EF (about 1700EC), respectively, an outer coating composition
(e.g., top coat 18 in Figure 1) is desirable. A transition layer formed of one or
more of the ceramic phase compositions of this invention can serve as a
transition layer between a stoichiometric BSAS layer (e.g., layer 22) and a top
coat 18 formed of YSZ or another high-temperature ceramic material, or can
be used instead of a BSAS layer. For example, a five-layer T/EBC coating
system may be used, in which the innermost layer is silicon (e.g., layer 16 in

Figure 1), the outermost layer (e.g., layer 18 in Figure 1) is YSZ or another
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contribute as an environnmental barrier coating. Alternatively, the BSAS
| ayer 22 could be omtted, such that the coating conposition 24 of this
i nvention would serve as the prinmary environnmental barrier coating. For
applications in which the CMJ coating interface and coating surface are
expected to sustain terrperatures of up to about 2400EF (about 1315EC) and

bout 310QEE (about,K 1700E ectiv n outer S|t|on
?e?;. . top'ds ao%a q{elffeéﬁ%'%c '§a|d@§'§rtéﬁltsreeA"{t 5‘?\%4) %19 9?"§y'@P U§r ned of
one or NMaREnAEr Frh@rrﬁé‘duét@ %g@h?é@ ,Cayee20} bPefthef atd%& fr@éerﬂﬁfhf%!‘of:%” serve

as a transition |ayer stol chiometric BSAS [ayer (e.g., layer 22)
and a t opmixioise Oimulhiermw amlmetrlcaBSAl&:ra !muyﬂe tnetmednata eyeel(e.gx c

mat eri al be.. sed BSAS |.a r exa

T ver | ay el 2Bor SN Mol BEAS dnefa St iR erioth e (P B | ayer
i s silicoBné®rdmord 8ygie dérahilc plﬁegurcbnﬂ@osuﬁm outhes IMehtibmy Hgdie- e, | ayer
18 in Fi gure 1’ I's YSZ or another -12 high-tenperature ceramc mat eri al ,

and the t R4S layee 2Rsentdd be empities inraithare! thest aATing aysiemedbeel syer
(e.g., rré%g fé@&i&%’t'@n g%&ml&f 1€ ehkgﬁ %Enﬁes rQSXttHéelp(?lfmépdl lite

andst0|c e} Iemerm&waela 22) of
st oi chi onehvirenrB&AS] banikragoatinigeas waélba@mitraheltlbaMSVer(mag is cﬁémlcm‘llx one or
e

e ! SR SR TS R e B B ™

t he coatlﬁﬁ,ﬁgrrpositlon . 24 of this invention serves as the primary
environnental barrier coating as well as a transition layer that is

chem cal | Yhe ‘?‘%iln?c %{agb Lok @ﬂlorﬁﬁsofathgﬁvbﬂpgﬁ B l?é ?%m pffvalighg@nd both

BSAS and nu e cera c phase conpositions | AVERtTOR can be
formed bymetiigdsus Faetéxaiaplchm povadet enf mqomdoi:omlpesrﬁeal cad be

it b ted b ' , h
CAREy "or | HEnptRdcBy oG Ot Bt e Tars ey Aoty &1 SV Prtiibant e
t hat depoél‘abh%“sﬁﬁé%rﬁq Q@Pefrfrﬁfu@ﬁdlt%’ @Fék@eabl@%ttm'ltﬂ#\e ouI§IU§Q as

chem cal vapor deposittion and high velocity ox?/
Al t er nat i peifgrmed dysoihed lﬁmmb§e¢hmques such as chemica vapor deposition

(CVD) and high velocity oxy-fuel (HVOF). Alternatively, a desired composition
can be formed in-situ by codepositing two or more powders in ratios that will
yield the composition. For example, powders of the individual oxides could be
co-deposited at appropriate ratios for the desired composition, followed by a
heat treatment. Because the desired ceramic phases of this invention were
observed to form during prolonged testing at temperatures of about 1200EC,
generally up to about 1370EC, it is expected that the desired ceramic phases
should form during a heat treatment at temperatures of about 1300EC over a
duration of about twenty-five hours.

While the invention has been described in terms of a preferred embodiment, it
is apparent that other forms could be adopted by cne skilled in the art.
Therefore, the scope of the invention is to be limited only by the following

claims.
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can be forned in-situ by codepositing two or nore powders in ratios that
will vyield the conposition. For exanple, powders of the individual oxides
could be co-deposited at appropriate ratios for the desired conposition,
followed by a heat treatnment. Because the desired ceram c phases of this

I nvention were observed to formduring prolonged testing at tenperatures
of about 1200EC, generally up to about 1370EC, it is expected that the
desired célddMS.phases should formduring a heat treatnent at tenperatures
of about 1300EC over a duration of about twenty-five hours. Wiile the

I nvention has been described in terns of a preferred enbodinent, it 1is
apparent that other forns could be adopted by one skilled in the art.

Ther ef or ef. t he coating c@mpduitiormn\R4Y contaifing Cab &ikdliMet &5t mhatab et dific
following claips. CLAIMS. 1 - A coating conposition (24) containing an

al kal i ne- eampesiighagontainilg barie@np¥de: poantis ralimina nshoptianally silica,
stronti a, ' ; t] +SLlLJ er ej j |

Stronti o WAetThIR AR SRR ARl ot aid Sisentihcs BooRild Yot fFaB08 |
per cent o87ttoeabmitt & gnolampescéntont (h24oatirite comipasition (BYetid dhlancal uni na

and any silicg. present in the cgating conpgsition (24). 2. A coatin
oo, t SRy BLiBing ag Ay SHhas MISCTUML I Foatng GRbesied G h et a
ceram c conmposition is a substantially silica-free bariumstrontium

al um nat e 3 ceatinghePRPosian §34k acnerdipg)to haiay 4 wherel theapkaline-aaghei n t he
al kal i ne- h I . C oS 1l CANSd: - '

strontia g%élalcﬁﬁig Fﬁﬁ@%ghrrlgpa%n%a% Pgb%ﬁné&)ﬁﬁ#g@%' ngqﬁ{pg@é}éc I'vel y,

and i nci delot@hatenpurities. 4. A coating conposition (24) according to claim
1, wherein the alkaline-earth netal ceram c conposition consists of barium

oxi de, stBow caating cormpasitiom @24)saddobding o @141l 2rwhéeirmtHe alkBmb-earth
0.8-.0.2:1:0.1, respectively, and incidental _inpurities. 5 A coating
conposi t | BFIQIEEFARICERHPAYLIOD congists af banin e, iroatir AndrRILEWIA I anet al

ceram ¢ CopRAThtid 8F a8 B2 1D YedfRleHLAE Heidd G mpt k0 about
4. A coating composition (24) according to claim 1, wherein the alkaline-earth
metal ceramic composition consists of barium oxide, strontia, alumina, and
silica in a molar ratio of about 0.8:0.2:1:0.1, respectively, and incidental

impurities.

9. A coating composition (24) according to claim 4, wherein the alkaline-earth
metal ceramic composition contains, by molar percent, about 37% to about
39% barium oxide, about 9% to about 11% strontia, about 47% to about 49%
alumina, about 3% to about 5% silica, and incidental impurities.

6. A coating composition (24) according to claim 1, wherein the alkaline-earth
metal ceramic composition consists of barium oxide, strontia, alumina, and
silica in a molar ratio of about 1.25:0.75:1:2, respectively, and incidental

impurities.

7. A coating composition (24) according to claim 6, wherein the alkaline-earth
metal ceramic composition contains, by molar percent, about 25% to about
26% barium oxide, about 15% to about 16% strontia, about 19% to about 21%

alumina, about 39% to about 40% silica, and incidental impurities.

-14 -



39% bari um oxi de, about 9% to about 11 % strontia, about 47%to about 49%
al um na, about 3% to about 5% silica, and incidental inpurities. 6. A
coating conposition (24) according to claim1, wherein the al kaline-earth
metal ceram c conposition consists of bariumoxide, strontia, alumna, and
silicain a nolar ratio of about 1.25:0.75:12, respectively, and incidental
I mpuritie coating conpgsition (24) accordi n% to claim6, wherein the

.d. A [ ) .
al kal i ne- garﬁ‘ Roagpg gpmpasiliend2AbapeAingle da di wheraip the plialipeeasht | about
25%to ab % rd e, % oSt T, | a, out 19%
t o about g}lgt%l/{) %%én%%ﬁﬁg?ggagﬁg gg%éﬁ@b%?&#’i%‘g),ﬁhghg%@lgdgﬁt%al
i mpuriti esilicalin 8. malarosatingf cabuisi 25ch7524), sespectively, badcimidental wherei n
the al kaljne-earth nmetal ceranm c conposition consists of barium oxide,
strontia, MPYHEa, and silica in a nolar ratio of about 1.25:0.75:2:1,
respecti V8| y, and incidental _inpurities. 9. A coating conposition (24)
accor di ng¥t &* £92iNg @oMRAgitian (24 hacearding tpclaim 8nwhatain the alkaline-eashposi ti on
cont ai ns, : ?r%bts % % [ [ about
14%to abgﬁal%;? é}"?%ﬁt I'a, atggggltiﬁtg 0to g@@%ﬂ) ﬁr:?%%h'a%%@n&n%q%a o%?o%l %to
about 229% %% haraym axitle, mbodend % toi atpouti 6% stroffla, shandPPhtp abomosd%i on (24)
according_to.claim1, rejnt al.kaline- earth, petal. ceram c conposition
consi sts BFMER Eﬂhﬂ"égﬂ%?‘a QbPBtréfoé,S"éﬂ%ﬁPﬁch'gﬁﬂg[ EPPYTESS n a nolar ratio
.5, ..respectively, and .incidental inmpurities. 11. A

f ab 25:0.75:1.5:1
Coat g, clhmdA iGoRBRY D ESHER 4ot acenishia f SlrimwheMBRTIR Hbe dikainene. oa t h

metal Cer e neaaPestdmRLAMNHIA coisfPbPbafinCskbe SbaM iy, about

23% bari um oxi de, out 14%t o about stron about 33%
al um na, ambwilig0its awiar ratlo %fsiabbuh,1.250.75¢i5de5t aespegtively,i asd  12. A

coating C'O%OS%%LO” %4% according to claim1l1, wherein the alkaline- earth

metal cer'd n r’TEBBE ¥$%Hn consists of barium oxide, strontia, alunina, and
silicain rati o of ,abo pectively, and

I . ) t 1.3:0,4:1.5:1.5, re
i nci dent a1ﬁ IR)ngl’[Ing composition &4) according ]{o cla:ilim 10, w%ereln the alkaline-

earth metal ceramic composition contains, by molar percent, about 22% to
about 23% barium oxide, about 14% to about 15% strontia, about 32% to

about 33% alumina, about 30% to about 31% silica, and incidental impurities.

12. A coating composition (24) according to claim 1, wherein the alkaline-
earth metal ceramic composition consists of barium oxide, strontia, alumina,
and silica in a molar ratio of about 1.3:0.4:1.5:1.5, respectively, and incidental

impurities.

13. A coating composition (24) according to claim 12, wherein the alkaline-
earth metal ceramic composition contains, by molar percent, about 27% to
about 28% barium oxide, about 9% to about 10% strontia, about 31% to about

32% alumina, about 31% to about 32% silica, and incidental impurities.

14. A coating composition (24) according to claim 1, wherein the coating
composition (24) consists of the alkaline-earth metal ceramic composition,
and the alkaline-earth metal ceramic composition contains, by molar percent,
about 20% to about 40% barium oxide, about 9% to about 20% strontia, about

19% to about 50% alumina, and up to about 40% silica.

15. A coating composition (24) according to claim 1, wherein the coating
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I mpurities. 13. A coating conposition (24) according to claim 12, wherein
the al kaline- earth netal ceram c conposition contains, by nolar percent,
about 27%to about 28% barium oxi de, about 9% to about 10% strontia, about
31 %to about 32% alum na, about 31 %to about 32%silica, and incidental
impurities. 14. A coating conposition (24) according to claim1l, wherein
the coating conposition (24) consists of the alkaline-earth rret al ceramc
conposi t i GAMPogHPn K34 hlix aparhecfear barriast apating eﬁ‘ﬂstemo(ﬁﬂdsom ansifioamai ns, by

oo P Sind e hod A el EAC) B RO RS TR 22

A coat i ngfurthgrosoinbesing24) It osrk tehacaiats Mayer (MB:2€/22) thedweent thed - 15
conposition (24) is part of a barrier coating system(14) on a silicon-

cont ai ni n§O3URg &EBRCEHICN24) arghibensllicon-containing suaface dif 25 dheiatdeastst em
(14) further t bet ween
the coat }Oﬁg E@%?rrlgi%g !at?? g% e?ﬂ?%??@ )?‘ﬂaz” [P(%ﬁ%ﬁgtgn %Ieﬂ%éﬁéhéu%ﬁgn%Z t he
at | east gong consstiredolagiicdrayeuilite lBSAS, 20 roddtuvgsfad nliteaindhBSRIET | al
chosen fromthe group consisting of silicon, nullite, BSAS, and m xtures

of mullitesany oBSﬂﬁg cb&apo%utma(zmmcé@rmﬁgltbldmd 18) fuatepcdnfidhiding ghai m 15,
further conprising outernost coating (18) on and contacti ng) t he coating

conposi t i BHEPWH! Cpﬁtgng él8kPRod coatActgy (the)caadingr campgsitend2f). be
zirconi a. o&t%rm%sp 5t5'?g%8%h’{bgfs étggil&%q% rggmaey l'i con-containing surface

(12) of a gas Ine'co one barrier coating system

14 2 d t
(24) Sﬁ”FEZS'A”Q @f%ﬁgé AE74 SPALRY (1) BhSH stiatn SopEiinB BinBaP aTe) g GREPOS 1 O
(16, 20, 22jurbipemerighhe gompohape(1 () Otheesareibr @oﬂﬁﬁ@ég ent hey &drigriving AR gr oup
consi sti ng of G'ésdllc mul Lite st oj chi orretrlc SAS, and m xtures of

mul lite aleERARE gﬁiéfirr i(1658822) and 2 0eeating ceampLsitiomn(284encdhsi st i ng
essent’ al iferflediate! B8t ggﬁ]g?fzbgaﬂhbﬁﬁte?ﬁ{édhat&%ﬂﬁ P ?EP%BHﬁJrfsirﬂ'aChosen

fromthe group consi ariumstrontiu
layer formed of a material chosen from the group consisting of silicon, mullite,
stoichiometric BSAS, and mixtures of mullite and stoichiometric BSAS, the
coating composition (24) consisting essentially of at least one alkaline earth-

containing composition chosen from the group consisting of;
barium strontium aluminate;

by molar percent, about 37% to about 39% barium oxide, about 9% to about
11% strontia, about 47% to about 49% alumina, about 3% to about 5% silica,

and incidental impurities;

by molar percent, about 25% to about 26% barium oxide, about 15% to about
16% strontia, about 19% to about 21% alumina, about 39% to about 40%
silica, and incidental impurities;

by molar percent, about 20% to about 21% barium oxide, about 14% to. about
16% strontia, about 42% to about 43% alumina, about 21% to about 22%
silica, and incidental impurities;

by molar percent, about 22% to about 23% barium oxide, about 14% to about
15% strontia, about 32% to about 33% alumina, about 30% to about 31%
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by nol ar percent, about 37%to about 39% bari um oxi de, about 9%t o about
11 % strontia, about 47%to about 49% al um na, about 3%to about 5%silica,
and incidental inpurities; by nolar percent, about 25%to about 26% barium
oxi de, about 15%to about 16% strontia, about 19%to about 21% al um na,
about 39%to about 40% silica, and incidental inpurities; by nolar
percent, a out 20% to about 21% barium oxi de, about 14%to. about 16%
stronti a, Sﬁﬁ”QWQ@tﬁlﬂmﬂlrwg%%{P%m na, about 21%to about 22% silica,
and incidental inpurities; nol ar percent, about 22%to about 23% barium
oxi de, abetmqlm/d)eacemoaboutl %stprahﬂtlta?S"/alﬁﬁJlunBQWBoabbuﬁJQ%B@/amwlm na,

about 30‘V 3 1 L L.l e y nol ar
per cent , ugﬁgyﬁ/a’ ét{& o § %ZB:L gg“?%’%\/%%?'ﬂﬂ% ge‘c?&u%)f‘&o %?ﬁﬂqn%%%
stronti a, sﬁb@,@n&&%d&htabmnﬂégﬁ al umi na, about 31%to about 32% silica,
and incidental inpurities. 18. A barrier coating system (14) according to

claim 17, 1ghex Bbﬂ:ér%aﬁhb%y’sfé@n (B4 hbcdraimgondiaieh 92"RAskih We ‘éﬂ&ﬁrhét s of
bari um oxi de, strontia and alumina in a nolar ratio of about 0.8 2:1,

respect i veash- Cémtamlﬁ@ucw@m%ﬂltlompwsmtseﬁ barigm pxidar sirentiaaad nahgnu;ry:snem (14)

accordlng e conposition
consists 9 o%y \le %Prﬁi g% nfﬁg@t@n%g HW oxi de, about
9% to abo 1, %stront.ia, a 7(Vto.ab ut 499 mna about. 3% to
about. 256 191 ?%Qa"&sﬁ&% Hod suSRE (1A Racf g o staima T pap bRt oS kRIS o o
(14) accoggliti@ohisihg! éauﬁgosmbﬁr@ﬁs:étg%faldyalﬂdm@r E@ﬁfetnlﬂ aeamaw%lgo
conposi tion consists of mol ar percent, "about 25%to about 26% barium

oxi de, abaheut 1@’%7 tb@”élﬁngldﬁﬁﬂ’@@ﬂtr%ttp@bodbéﬁj% gioontian ababbét %2 abautuni na,
about 39%44 b Al l?mﬁﬁ %%6‘11?3 d:'r%r?s?”c e%almél&@ L ﬁ-@ﬁi[ﬂél A barrier

coating sys accor mhere 1ine
earth-co |t|o con st s of. m)la cent ut. 20% to
Shout 55 80 A PEDTBARN SRS _fﬁ 3% S ARICITOREEEN mdakalng, 1o
earth-containing composition consists of, by molar percent, about 25% to
about 26% barium oxide, about 15% to about 16% strontia, about 19% to

about 21% alumina, about 39% to about 40% silica, and incidental impurities.

21. A barrier coating system (14) according to claim 17, wherein the alkaline
earth-containing composition consists of, by molar percent, about 20% to
about 21% barium oxide, about 14% to about 16% strontia, about 42% to

about 43% alumina, about 21% to about 22% silica, and incidental impurities.

22. A barrier coating system (14) according to claim 17, wherein the alkaline
earth-containing composition consists of, by molar percent, about 22% to
about 23% barium oxide, about 14% to about 15% strontia, about 32% to

about 33% alumina, about 30% to about 31% silica, and incidental impurities.

23. A barrier coating system (14) according to claim 17, wherein the alkaline
earth-containing composition consists of, by molar percent, about 27% to
about 28% barium oxide, about 9% to about 10% strontia, about 31% to about

32% alumina, about 31% to about 32% silica, and incidental impurities.

24. A barrier coating system (14) according to claim 17, further comprising an
outermost coating (18) on and contacting the coating composition (24), the
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about 43% al um na, about 21 %to about 22%silica, and incidental

I mpurities. 22. A barrier coating system (14) according to claim17,
wherein the al kaline earth-containing conposition consists of, by nolar
percent, about 22%to about 23% barium oxi de, about 14%to about 15%
strontia, about 32%to about 33% al um na, about 30%to about 31 %silica,
and incidental inpurities. 23. A barrier coating system (14) according to
cl ai m 17, oWteimast corting( k&) cameprising stabilizedadirconip. conposi tion consists of,
by nol ar percent, about 27%to about 28% barium oxi de, about 9% to about
10% st r ont25a, AbbamrieSlct%ttng alystan @290 ad:mm'img tabalaim 317, Ywhersinotie 32%

ilica, d 24, A t t 14

Sbeors: no g BRAERr TRY2D 55 ppi s bl i NS UR2AAS) on and
t act 18

Compr | si e erRsHEren TindmERaNID) SEslicth:ah F*E‘F”E%i'?% BT . cor di ng

to cl ai m Iullitghandistoichiometric eﬁ&é&t anel hayeute( 18yer0(229) ofi stodohdornétrivul ti pl e

|nterned|n§§§ﬂ§ayers (16, 20,22) conprising an inner layer (16) of silicon,
an inter e layer (20) containing nullite and stoichionmetric BSAS, and

an outer er of stoichionetr BSAS,, 26, A barrji_er coating system
(14) uacco&2 1 (la)a '?él(FﬁaP?‘l \ﬁi@?’@’f r{1g}1eacqoﬁq'59nghl%‘@ |1 lfyew heredn ezg) i's

one of WIr&é@h@daa@ RYBE( DG, 2b?1}'sebﬁe Gﬁ?lﬁﬁglé%ter&ﬁaﬁté%wsgﬁ‘s 08) ' ayer

(16) of silicon, an intermed a an but | ayer
(22) of SCOMERBHgEan inneBsARr (18) ohsliaen; an Hﬁeemedtgtesiayeer(ﬂm)ldf)mamt@rd| ng to

I 17 di,ate 6, 20, 22 f I tipl
Fn?le;nmadl at{'\@%f'eé}g?'t e??'é %%E%? 'é®8ﬁwﬁéﬁﬁé n i nner) I :afle(r)m(alg) (TfJ s= Ioi gon
d 22 t i t d st hi BSAS. 28. A
R e L T
i nt er medi p@mMeiste 1636 26, 2@)22) ﬁ:, one oPFndﬂ)%lbllﬁﬂe?mbﬂFa%é ’E‘%ﬁré‘x% baysh)s

(16, 20, 22) conprising an inne { silicon a out er Iayer
(22) of ne&@Mptiging2an meialﬁVB%ﬁ@o‘a smgoeﬁtdean(qmw tayes (20 cavtaiting) of a

gas turbi pe,eaahH&toichiometric BSAS.

28. A barrier coating system (14) according to claim 17, wherein the
intermediate layer (16,20,22) is one of multiple intermediate layers (16,20,22)
comprising an inner layer (16) of silicon and an outer layer (22) of mullite.

29. A barrier coating system (14) on a surface (12) of a gas turbine engine
component (10), the barrier coating system (14) comprising at least one
intermediate layer (16,20,22) and a coating composition (24) on the
intermediate layer (16,20,22), the coating composition (24) consisting
essentially of an alkaline earth aluminate.

30. A barrier coating system (14) according to claim 29, wherein the alkaline
earth aluminate is barium strontium aluminate.

31. A barrier coating system (14) according to claim 29, wherein the akaline
earth aluminate consists of barium oxide, strontia and alumina in a molar ratio

of about 0.8:0.2:1, respectively, and incidental impurities.

32. A barrier coating system (14) according to claim 29, wherein the
intermediate layer (16,20,22) is formed of a material chosen from the group
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conponent (10), the barrier coating system (14) conprising at |east one
internedi ate | ayer (16, 20,22) and a coating conposition (24) on the

i nternedi ate | ayer, (16, 20,22), the coating conposition (24) consisting
essentially of an alkaline earth alum nate. 30. A barrier coating system
(14) according to claim?29, wherein the alkaline earth alumnate is barium
strontiumalum nate. 31. A barrier coatin stem (14 accordlng to claim
29, wher eicAnsigdng of gificaa, rrwlte.hstalthmmqitn@g%xss gﬂdm uses iofl mwitedand

strontia nolar ratio of about 0.8:0.2:1, respectively,
and incid%ﬁﬂCﬁbﬁﬁ%@$PF?g§ 32. A barrier coating systen1(14) accordlng to

| ai m 29, h 6 £
material Sochpa et e aF ashiring iy B, ke e v
st oi chi ong12) 6f tﬁ@%@m;ﬁﬁénﬂﬁ)qé efinéd wyld smébraagse@ b@hﬁ)@sﬁ@ﬁ‘iétbﬁatBSAS 33.

A barrier coating system (14) according to claim?29, wherein the surface
(12) of the conponent (10) is defined by a silicon-based conposite
mat eri al .
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