ARTI CLE | NCLUDI NG ENVI RONMENTAL BARRI ER COATI NG SYSTEM
CROSS- REFERENCE TO RELATED APPLI CATI ONS The present
wa@ppliogeast on clains the benefit of Untied StatBST/B810671004355
Application Nos. 60/775, 206, 60/775,209 and 60/ 775, 208
filed February 20, 2006, which are each incorporated
herein by reference. GOVERNMENT RI GHTS CLAUSE Thi s
i nvention was nade with United States Governnent
support under Contract NCC3-853 awarded by NASA; the
Governnent has certain rights in this invention.
BACKGROUND The present inventions relate generally to
an environnental barrier coating systemfor protecting
ARTICLEINC Y DINGENVIRONMENTALIBARRHERC OATINGISY STEM
conditions such as the hostile environment present in
gas turbine engines. Wiile the present inventions were
devel oped for application in gas turbine engi nes
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Limtation to the efficiency em ssj ons of gas
tlhedrreeRiRRRiisation C{%@Sttﬁ?rﬁéﬂﬁﬁt&fé-’@%@ﬁtﬁ Va&ﬁnt ‘ApBication
nmetallic conponents (exanple, but not limted to

Nos. 60V &ide206 \6{1é 85, 269@151156%751216)8%% Fabruasy @0g2aefowvhich are each
section. Although thermal barrier coatings are used to

incorpOradé® Bbrai®bglreferesesponent s, thereby allowing the use
of higher gas tenperatures the netallic conponents
remain a weak link. Silicon-based ceramcs, such as

Si ¢ Si C conposites and Si 3N ceram cs, are
GOVERNMENT RIGHTS CLAUSE

This invention was made with United States Government support under Contract

NCC3-853 awarded by NASA,; the Government has certain rights in this invention.

BACKGROUND

The present inventions relate generally to an environmental barrier coating
system for protecting components exposed to severe environmental and thermal
conditions such as the hostile environment present in gas turbine engines. While the
present inventions were developed for application in gas turbine engines utilization in
other devices is contemplated herein.

Designers of gas turbine engines recognize that a limitation to the efficiency and
emissions of many gas turbine engines is the temperature capability of metallic

components (example, but not limited to blades, vanes, combustor liners) in the engine
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prime candi dates for hot section conponents of gas
turbi ne engi nes. One benefit of silicon-based ceramc
wepg@nesispnmponents is their excell ent high tenPEr/asz0®004355
mechani cal , physical and chenical properties which
all ow gas turbine engines to operate at higher
tenperatures than current engines utilizing superalloy
conmponents. Hi gher engi ne operation tenperature
translates into significantly reduced em ssion
(pollution) and increased fuel efficiency. However,
silicon based ceramc materials suffer fromrapid
recession in combustion environments due to the
hot seutidrat Althawugh thenma! bairiec zoatingeate/used & prodgeimetaticconsponents,
a significant drawback in the utilization of
thereb?'dllbwg esesk 6ERigREEGas feripsratuteBitRe nengilibedmponents remain a
herefore, there I's a need to identify techniques to
weakﬁdwnt/prevent the volatilization of silicon- based
ceran1cs in engine operatlng envi ronnment s.

chnl s to.util nental .. barri 0
s 0aSd Feralhitie' s %Sﬁéﬁﬂgﬂwgpsm?aﬁ%ﬁﬁ%”ﬂ%@ are
sili con based ceram cs. Current EBCs rise a
prime gaadidgtestophal sREHNIRINRRARIER sa§ﬁw@m¥§n@us§tﬁ>a@ genefit of
and a topcoat that provides the environnental
silicongyastedctéramic ghginprasmepuneants snthetrexcplieihigh temper@turgnd
unobvi ous environnmental barrier coating system SUVWARY

mechdricanehyitel dindestienotal fropprtesemtich@ibivagds arbine engingsao
environnental barrier coating is provided to protect a

operat%%%%ﬁéretgew Cﬂur%‘ SRR en Pﬁ{é&ﬁlllﬁmgoélﬁae@ﬂW@rﬁﬁonents

systens fo prOV|de envi r onnent al
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(pollution) and increased fuel efficiency.

However, silicon based ceramic materials suffer from rapid recession in
combustion environments dueto the volatilization of silica scale by water vapor. This is
a significant drawback in the utilization of silicon-based ceramics in gas turbine engines.
Therefore, there is a need to identify techniques to limit/prevent the volatilization of
silicon-based ceramics in engine operating environments. One technique is to utilize
environmental barrier coatings (EBC) that provide the environmental protection for
silicon-based ceramics. Current EBCs comprise a bond coat that provides the
adherence onto the substrate and a topcoat that provides the environmental protection.
The present inventions provide a novel and unobvious environmental barrier coating

system.



and advant ages of the present application shall becone

apparent fromthe description and figures provided
wheooginpgisz BRI EF DESCRI PTI ON OF THE Fl GURES Fi gPCT/UBB0OAMN43S5

illustrative cross sectional view of one enbodi nent of

an environnental barrier coating of the present

i nvention on a substrate. Fig. 2 is a cross sectional

vi ew of one enbodi ment of a silicon / nullite+Ta

OGscoated Si C substrate. Fig. 3 is a cross sectional

vi ew of one enbodi nent of a silicon / nullite-coated

Si C substrate. Fig. 4 is a cross sectional view of one

enmbodi nent of a silicon / nmullite+Ta 206- coated SiC

substrate after 300 hours WUMMARY¥ cycles at 14000C.

Fig. 5is a viewof the silicon /

(mul l'i te+BSAS)/ BSAS-coated SiC in which BSAS/silica

reacti on produced |low nelting gl asses after 300 hours

(ﬁéoﬁgodlﬁé‘e%oﬁ Hég?es%h?éﬁplﬁ%‘ﬂgh;’ﬁ g@f éﬂé\h@?ﬁﬁbr{tal barrier
g ERHEAG §>f%mﬁ%ﬁ‘*oo%@#@?%a@%%ﬁgfﬁﬁe%ﬁﬁ'iﬁﬁﬂ}d%ﬁeﬂﬂﬁ

O bal ance @2 ) is a cross section of a silicon /
apparatys| metrods, gggtgey ganq ggstgms@mpggw@)erwggpg@ngl@arrler coating
substrate. Fig. 8 is a cross section of a silicon /
protectiohfot @ subgteate Sifauther sopdineotss fermnsifeatys asaeets, benefits,
Fig. 9 is a chart illustrating various conponents of
and advantagesrenthel presemnt agplicatidm spall become apparent from the description

and figures provided herewith.



Fig. 10 illustrates various enbodi ments incorporating
a chemcal barrier into nultilayer environnental
wharwiogsiszoati ng systens. Fig. 11 illustrates BEEUS2007/004355
enbodi ment of a single, discreet Hf Si O chem cal
barrier between the nmullite bond coat and the Yb2Si Gs
top coat. Fig. 12 illustrates one enbodi nent
incorporating HFSIO4 in the bond coat (nmullite + Si)
vi a mechani cal m xi ng. DETAI LED DESCRI PTI ON OF
REPRESENTATI VE EMBODI MENTS For the purposes of
pronoti ng an understandi ng of the principles of the
i nvention, reference will now be nmade to the
enbodi ment s il | BRIERDESCRIRTHONIORW HEF |GUREBeci fi c
| anguage will be used to describe the sane. It wll
neverthel ess be understood that no [imtation of the
scope of the invention is thereby intended. An
&lig et starilystiative oroshsectioralvieyaof one eimqu@eaggf:am bed
enbodi ments, and any further applications of the
enviropimental plaeseradodting ofive ptesemt frsvetdisn ronbe dubstraten ar e
contenpl ated as would normally occur to one skilled in
the art to which the invention relates. The present
invention is directed to an articl e/ conponent which
kL 2L j J AL i -
e e BBl er R B ERE AR Bhulie+ Taz0s
rbi ne .engi ne and/ or heat exchanger. The article is
Coateigﬁéﬂbﬁ{ﬁqgn envi ronnental barri e? coating that in one
formresists degradation in various environnments
i ncluding a high tenperature water-vapor containing
conbusti on environnent and/or an environment
dFogt Aisna sepssodeationabyiew afroneNgxsb odimerit oharsilipess/ mullite-coated
alumnumsilicate). The present application discloses
SiC substatd.hi ngs i ncluding, but not limted to inproving
the durability of

Fig. 4 is a cross sectional view of one embodiment of a silicon / mullite+Taz0s-

coated SiC substrate after 300 hours with 1 hr cycles at 1400°C.

Fig. 5 is a view of the silicon / (mullite+BSAS)/BSAS-coated SiC in which

BSAS/silica reaction produced low melting glasses after 300 hours at 1400°C.

Fig. 6 is a cross-section of a silicon / (mullite + Na20) / (Sc2Si207+Sc,03) coated
SiC substrate after 400 hours at 1316°C with one hour cycles in a simulated

combustion environment (80% H:0-balance O3)



mul lite bond coats by enhanci ng crack resistance
and/ or inproving adherence. Wth reference to Fig. 1,
wo b@rmosis2 il lustrated an illustrative cross seeCT/OREN7/004355

view of an article 10a including one enbodi nent of an
environment barrier coating 11. The article 10a may be
any type of conponent/part/structure but is preferably
a gas turbine engine conponent/article such as a
conbustor liner, blade, vane, and bl ade track,
Thearticle 10a includes substrate 10 and preferably
the substrate 10 is a silicon containing substrate.
However, the present application also contenplates
Foq-%isl @ carssceotian of agiloopst (mtlids .+ Nagl) / (Sc2Si,07+S¢,0;) coated
silicon-containing substrate 10 may be any

SiC substrafeon-contai ning ceram c material such as silicon
carbide, silicon nitride, silicon carbon nitride,
silicon oxynitride, and silicon alum num oxynitride.
The silicon-containing ceram c substrate could al so be

L.l icon containi.n eramc trX i i\t ;
of e ERsrae bl of BsttBoh PRl (P 5B Rt cigrea sic
conti nuous fibers. The silicon-containing substrate
substrat®; al so be siliconcontaining netal alloy such as
nmol ybdenum sili con all oys, niobiumsilicon alloys, and
ot her Si-containing alloys. The substrate nay al so be
carbon fiber reinforced silicon carbide matrix (C/ Si Q)
FIGPD & 4 ehartsliustrating caribusl eofrploaentseofid nviroacherdaldeanrier
matrix (Si G C) conposites, carbon fiber reinforced
coatinﬁéfbon matrix (C/ C) conposites, and oxide fiber
ei nforced oxide matrix (oxide/oxide) conposites. In
one formof the present invention a bond coat 16 is
| ocated between the substrate 10 and a topcoat 22. The

nd at. 16 and. the top,coat 22 are jncluded .wi thin .
e 16 Db At Vtious &b i ERls kg Pictaling a iRdudhiicdler into
_inventions contenplate. an optional bond coat (not
multilayer gsvirenraantab batas $oaHRd SK$eMSat e 10 and the bond
coat 16.

Fig. 11 illustrates one embodiment of a single, discreet HfSiO4 chemical barrier

between the mullite bond coat and the Yb;SiOs top coat.

Fig. 12 illustrates one embodiment incorporating HfSiO4 in the bond coat (mullite

+ Si) via mechanical mixing.



The optional bond coat may be silicon, netal suicides
or conbinations thereof. In one formthe content of
wo b@7s9815z0n is within the range of 1 wt. % t oPGDUBL007/064355
and in another formin the range of 10 wt. %to 30 w.
% However, other quantities of the optional bond coat
are contenpl ated herein. The present invention
cont enpl at es enbodi ments wherei n ot her
| ayer(s)/coating(s) may be utilized wth the bond coat
16 and the top coat22. The environnmental barrier
coatings contenplated herein may be applied by any
conventional method, such as plasma spraying, EB-PVD,
slurry-based processes, CVD, PVD, etc. Details

ot PALEC BESERIEN B8 AraRES eREASR: EeOpilENTS

ordinary skill in the art and will not be set forth
herei n. Known bond coats include nullite (i.e. US
patents 5,391 ,404 and 5,496,644), / mullite + an
dfdrahe perpddes ofrproamting aretrederstamdingosf theqaineides bf the
barium strontium alum nosilicate (BSAS) (i.e. US

inventioH, esfeferfoe Ml iot? benade tatfe @fbofinfehtd illdEhtedMal the tdeawings
is a 3Al 23B-2Si g 2conpound and BSAS is a

and s%ﬁa@g%@%ifFQ&QWS%gc%é thc—fférf\ﬁ?% ﬁfllrrlr&fe%gless be

ose coefficient o ermal expansi on

nat nd excel.l ent.cheni cal, .conpatibil.i Lth
underBpdnAl o iEtaf S SRR RS TR Bh ik Markhl htened. Any
mat ch and chem cal conpatibility are ideal conditi on?
alteratiqfys andBithes saedifigationsdndhe ggecriled embedimentsi ard any further
silicon and a m xture of nullite and BSAS has been
applications ofthe prirwipleaof thepiaventioncaadeseréigdheneseasndontemplated as
durability conpared to nullite bond coat. Miullite has
wouldtmmﬁrdecan/totwéigwiﬂaéd)m thier arti hwh ithtke drsve rtioadieatesi der

t hermal exposure and | acks the chem cal adherence onto

SThd pRIZERRFRANESH M1 FSctedlo An'dEtlbicomponent which can withstand an
operating environment associated with, but not limited to, the hot section of a gas
turbine engine and/or heat exchanger. The article is coated by an environmental barrier
coating that in one form resists degradation in various envirénments including a high
temperature water-vapor containing combustion environment and/or an environment
containing molten salts or CMAS (calcium magnesium aluminum silicate). The present
application discloses many things including, but not limited to improving the durability of
mullite bond coats by enhancing crack resistance and/or improving adherence.

With reference to Fig. 1, there is illustrated an illustrative cross sectional view of
an article 10a including one embodiment of an environment barrier coating 11. The

article 10a may be any type of component/part/structure but is preferably a gas turbine

engine component/article such as a combustor liner, blade, vane, and blade track. The
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in long-termexposures in conbustion environnents, the
wat er vapor fromthe conbustion environnent readily
wo e@vebEst hr ough the cracks. Because of the | ap&T/v52007/004355

chem cal adherence, the water vapor attacks the
i nterface, causing enhanced oxidation and premature
failure of the coating. Mullite+BSAS has superior crack
resi stance conpared to nmullite, however, BSAS reacts
with the silica scale that fornms on the surface of the
silicon-based ceram cs. This reaction produces
| ow-nel ting reaction products, which have detrinental
effects on the environnmental barrier coating

article d@aabclLdey substratel 40, and préferabiethe subsiratel 40tis acsdicoe containing
t he devel opnent of pores and weaken the interfacial

substra@NeHenESer, tiRRgigient appiitativnalldatbmenipiates \WonosinguH edntaining
barrier coating. Secondly, the |ownelting products

substréfé%d'TWe &ﬁféﬁ-bgﬁt‘%lrﬁ q @ﬁbé\?ﬁeolﬁﬁr?\a?%cﬁy élﬂcéﬁ@%ntamlng ceramic

I ronnen arrier coating, erioratin

materiBQ§qquE?s 'g@i{frl\ ﬁta'rb?%:: gq%;ﬁ'rln fqé S rﬂgﬁﬁ%ﬁlﬁ@g I@hn oxynitride,

roducts react wi.th the topcoat, |eading
and sikranealiBtingmarysitrideel heoptiern- comamlh@pe®mls§ubﬁtr9tq cayj@ also be
with the nullite+BSAS bond coat is the chem cal
siliconroomtainingt seramicemtria®iSoscet wihcesamicTibess: whiekersaplatelets, and
reacti ons gradual ly change the physical and chem cal

choppélar aohBnudds fisersf Theesiiadn-cortaPHSs bisstchte eady alSbeve silicon-
degenerat| on of mullite+BSAS bond coat accel erates

contaIM\i'nP éﬁ@y%su&h hsmﬂy&iéﬂlﬁn sh%@ﬁrauegs aniSbigi- &m.éafmbnoys and
ab| ity 1ssue for long-termapplications (> 1

other e@mgtng‘gqu‘gﬁf 'I"f'Leegu@s\f ]réaggglggebézcrérgén%{eﬁélﬁﬁo?’ced silicon
carbidg gy g Eds Gi ?ri‘nk%'»t'st g ﬁ’réerﬁ?%‘ﬁa% fodt BinteaRd cagRansTetix (SICIC)

need for a bond coat durabl e at_ tenperatures over
compasitesocarbentfipies reintoreed cadepanakire(C/C) composites, and oxide fiber

reinforced oxide matrix (oxide/oxide) composites.

In one form of the present invention a bond coat 16 is located between the
substrate 10 and a topcoat 22. The bond coat 16 and the top coat 22 are included
within the environmental barrier coating 11. The present inventions contemplate an
optional bond coat (not illustrated) between the substrate 10 and the bond coat 16.
The optional bond coat may be silicon, metal silicides or combinations thereof. In one
form the content of the silicon is within the range of 1 wt. % to 30 wt. % and in another
form in the range of 10 wt. % to 30 wt. %. However, other quantities of the optional
bond coat are contemplated herein. The present invention contemplates embodiments

wherein other layer(s)/coating(s) may be utilized with the bond coat 16 and the top coat



of advanced hi gh tenperature Si-based ceram cs. |In one
formthe present application is directed to inproving
wo b@7desiabi ity of the bond coat by inproving BCHUK2007/004355

resi stance. Equation (1) shows coating thermal stress

in a coated SiC. According to equation (1) key factors

that affect the coating thermal gstress are thernal

expansi on m smatch, anplitude of tenperature cycling,

and Young's nodul us of the coating. Therefore, coating

thermal stress can be minimzed by mnimzing the

coefficient of thermal expansion m smatch and the

Young's nodulus of coating. s ,h mal = ("c QO T ( 1)
22. Théhenvrobenentbinearniet ceatirgssiamternptatéd bersin nudy beapplied by any

Dsic = thermal expansion coefficient of substrate DT =

conveﬁt%‘ﬁ@?ﬁ@t%cﬁ stichfidy ﬁEQﬁa@r%‘?ﬁQ EBIPVMCEIQr@%s@@;Sjrocesses

cyc e = oung s nodul us coatl ng ="Poi sson's

CVD, %?lﬁe&c()f étgﬁ% % ? g@fﬁe%o%‘ﬁ??tﬁlog‘? uf: %%tlﬂé sé‘?@'iﬁé‘?&bétﬁate are

behevq%?r‘?w%@vBpéw*@ﬁaéb%‘égof{oﬁé"n%bi? FF Pl AERRAR R0 30 R
expansi on m smat ch and/or Young's nodul us of coating.

herein|t is proposed that the inproved crack resist ance of
mul | it e+BSAS coating conpared to nullite coating

Kmewnasarid codts rirclude danutiter(ye sUSupdabénts 5,396404 anIdeS 496 644), /

addi tion of |ow
mullite + an alkaline/alkaline earth metal aluminosilicate such as barium strontium
aluminosilicate (BSAS) (i.e. US patents 6,485,848, 6,387,456 and 6,410,148). Mullite is
a 3Al,03-25i0; compound and BSAS is a BaO-SrO-Al;03-Si0O; compound with celsian
structure. Mullite has a close coefficient of thermal expansion match and excellent
chemical compatibility with silicon-based ceramics; the close thermal expansion match
and chemical compatibility are ideal conditions for a bond coat. The bond coat system
comprising silicon and a mixture of mullite and BSAS has been developed that has
superior crack resistance and durability compared to mullite bond coat.

Mullite has the tendency to develop through-thickness cracks under thermal
exposure and lacks the chemical adherence onto silicon-based ceramics. As a result,
in long-term exposures in combustion environments, the water vapor from the
combustion environment readily travels through the cracks. Because of the lack of

chemical adherence, the water vapor attacks the interface, causing enhanced oxidation

and premature failure of the coating.



nodul us BSAS. In one form a |ow nodul us oxide, such

as Ta2(Cb, was added in the mullite coating on SiC, and
wor®7egiesed to one-hour thermal cycling at 13B6GIZUS2007/004355

140Q0C in a sinmul ated conbusti on environnent (90%

H2O0-1 0% O2) . Wth reference to Figs. 2 and 3 , there

is illustrated the conpari son of the crosssection of

silicon / nullite+Ta 2gq 5-coated SiC and silicon /

mul lite-coated Si C after 1000hrs and 690 hrs,

respectively, with 1 hr cycles at 13160C. The silicon

/ mullite+Ta Oscoated SiC (Fig. 2) naintained

excel | ent oxi dation resistance, chem cal stability and

MiétesBSAS bassugericecrabl resistanne sompsred o muddadhowever,

coat, the absence of silica scale, and the |ack of

BSAS Gé@ﬁ‘s(\?ﬂ{h theagliidePscaléXhdtiiernes baithésoracé bethe silicombased
lite-coated SiC (Fig. 3) showed poor oxidation

ceram[g:‘%s’rﬁkar'é%ﬁtl f%de&geqs\ﬁ rﬁélhhgﬁeémﬁ’fodwﬁ WhidrR4ve detrimental

coat ormati on porous silica

RIS TS C R ST —

after 300 hours with 1 hr cycles at ,14000C. Again, t.he
cause tbadenglopmant af REteSRb Peaken e interfarial eg?%%ﬁ?aémg to the
chem cal stability and adherence. This is in contrast
spallaten ohenirdrircemtal bamier coatingpaSedorsiiy, the lawimaltinggroducts readily
mullite coating severely delanm nated with the

seep ihW pores@ndOdpespaced ihitha epgmbemehtat badill doating, deteriorating the
14000C (no figure shown), and the

therméIrTHéulbﬁ ﬁ@aq'ﬁ@l‘ll?%%é%t/ﬁgmﬁbﬁa(l 'E'aﬂ'ier@oa*tlﬁg\’\mhlﬁd]y, the low

S/SI ica reaction produced |ow nelting gl asses

meltmgﬁésétlo\?/hog %ggst raeI%EB\JvAtRQQgto g&%t |8¥6 ﬁgb{) 'rt]géJ d8leRRF &R & the

arrier
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over 130Q0C. The present _applicati on conten‘pl at es t‘h
reactivityketwesn BSAR@Nd taprorfe TRESE RheMical reastinss grpdugitychange the

physical and chemical characteristics of the mullite+BSAS bond coat. The degeneration
of mullite+BSAS bond coat accelerates with increasing temperature, becoming a
significant durability issue for long-term applications (> 1000 hrs) at temperatures over
1300°C. As the materials technology progresses, Si-based ceramics with temperature
capability over 1300°C are being developed. Therefore, the present inventions address
a need for a bond coat durable at temperatures over 1300°C to take the full advantage
of advanced high temperature Si-based ceramics.

In one form the present application is directed to improving the durability of the
bond coat by improying crack resistance. Equation (1) shows coating thermal stress in

a coated SiC. According to equation (1) key factors that affect the coating thermal



RE Si O7, RE2G3, and conbi nations thereof. For the
readers assi stance RE synbolizes the rare earth
web@moeegis2 (Sc, Y, Lu Yb, TmlL Er, Ho, Dy, Tb, QICT/ES82007/004355

Sm Nd1 La). Although not as dramatic as Ta Os,
significant inprovenent in coating durability was
observed with the addition of Yb"Si Gs. The nodul us of
Ta 6 is between ~ 110 GPa and 130 GPa which is | ower
than that of nmullite (-1 50 GPa), however, the nodul us
of rare earth silicate (RE2Si G5, RE2Si20 ) is close to
that of mullite. This suggests that sone factors
besi des the nodul us nay be contributing to the

stressiarg theroua! éxpabsibntrpisofatoul ampldude of tereperiajuredyicling zand Young's
second phase oxide. One possibility is that the

modulGef i coatiny. YT heretsres coirgtherwal Strédtecardde inmiaimigéd dy

second phase. The present application includes a
m|n|mf1g1’cﬁaf?4eecd‘ésf§&c%rﬁltg§f' IC} ggﬁéloé)}}lﬂénkb‘?\c@%éstletﬁ g’ﬁgﬂrﬁﬁhr@s modulus of
coating"), preferably | ow nodul us oxi des. The second
Ehase oxi des include oxi des, doped oxides and oxi de
conmpounds of transition met als and rare earth
el ements. Preferred oxides inclgude Ta G and
Ta206- cont ai i pg., ox{adesy ;N Nb2C6- cont ai ni ng (1)
oxi des, V2 and VQ2-contai ni ~& des, Ti®2 and
Ti O2-cont ai ni ng oxi des, ZrQ2 and Zr Q2-cont ai ni ng
oxi des, Hf 2 and Hf O2- cont ai ni ng oxi des, rare earth
oxides (including Sc2g 3 and Y20a) and rare earth
oxi de-cont ai ni ng oxides (including rare earth
S‘ﬂ"h rates), NZP famil y ceram cs, and conbi nati ons
thereoh, - ey eh%@ ﬁdcge@ra o?%%‘aﬂﬁ* phase to

urth |n§éease ea 13 of the
secon ?1 Jiﬂg« %and L{

Chan 1 2 r0Re plire A Tehce bABHesHph AVl SRR Lo

phase s d8ung’ SVWP WsLtcqatRB of O . % - 50 wt.% In -
anot helc  flaisganes taim@rﬁoaémgt he

coatin

Since crack resistance of coatings is directly related to the coating thermal
stress, it is noted that the crack resistance of the coatings can be improved by reducing
the coefficient of thermal expansion mismatch and/or Young's modulus of coating. It is
proposed that the improved crack resistance of mullite+BSAS coating compared to
mullite coating is the result of reduced Young's modulus, due to the addition of low
modulus BSAS. In one form, a low modulus oxide, such as Ta,Os, was added in the
mullite coating on SiC, and was exposed to one-hour thermal cycling at 1316°C —
1400°C in a simulated combustion environment (80% H,0-10% O,).

With reference to Figs. 2 and 3, there is illustrated the comparison of the cross-

section of silicon / mullite+Ta;0s-coated SiC and silicon / mullite-coated SiC after 1000
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second phase oxide is wthin a range of 1 w.%- 30
wt.% The second phase oxi de may be any conbi nati on of
wW@z000m%8152 st ed above. Further, in one form of PEEUS2007/004355

present invention the second phase oxide is not
defined by BSAS, and in another form of the present
application the conbinati on of second phaseoxi des
i ncludes at | east one second phase oxide in addition
to BSAS. The "conposite nullite coating"” may be
conbined with the nodification of the mullite coating
by doping with alkali and alkali earth nmetal oxides as
set forth in U S. Provisional Patent Application

hrs anei89Q hesd reés pedtive yndithl laki ¢ydes atht me°el ToeisiloDdpeullite+TazOs-
Adherent Mullite Coating. Further details regarding

coated @cr(rpigl P mattaineadextenest axidaticH kedidtases] ohelfital seabifity and

net al oxi des are provi ded bel ow. The ' corrp03|te

adherQH%é ?E 'i:bH tﬂ@fnt*ég éﬂ@éﬁ Qn&’Eoéf%débbéér%% OeSRS scale, and

ate Yy an Sul ta I nc ['asma

r RS Hr, , : BRRR B costes S i,

tenperature capability due to the e |mnat|on of
shoy&%@orqua@%t'qrr @sisiandy a%ewﬁacegm theyqss ¢ éheﬁéwea b(°<9d coat

Figs 1 and 6-8, there will be described aspects of the
and ther fesrmation of ik paragisrsdlitacgtal® i nproving the durability
of nmullite bond coat by inproving the adherence. One

MpaRTefareho@toFiy. dh ethardhe liestratedlf a arossaddotignics shigon /
creating an interphase between the coating and the

mullitstBs 0 adatéd &ic mef' wlﬂou%mhknowwdi@s §0P400°8. atghih e

substrate. Wien nullite-coated sili‘con-based ceram cs

coatr AR b1l B BPToR eBe bR R Al erence
This i GRS 1§ RS UERD 6 MUAlSssoBIec B HoPichane ATUITE coalng severely
delarwrrnuﬁlltleqli xthagggggggﬁonbgg tatl\lljcskesnllléa sdc(:)aelg a?t%tr 388nh%u\psmalt 12(%"% (no figure
shown), and the (mullite+BSAS)/BSAS-coated SiC (Fig. 5) in which BSAS/silica
reaction produced low melting glasses after 300 hours at 1400°C. The low melting
glasses in the environmental barrier coatings having (mullite+BSAS) bond coat severely
limit the environmental barrier coating life at temperatures over 1300°C. The present
application contemplates the bond coat 16 may include Si, mullite, BSAS, RE;SiOs,
RE;Si,07, RE;03, and combinations thereof. For the readers assistance RE
symbolizes the rare earth elements (Sc, Y, Lu, Yb, Tm, Er, Ho, Dy, Tb, Gd, Eu, Sm, Nd,

La). Although not as dramatic as Taz0Os, significant improvement in coating durability

was observed with the addition of Yb2SiOs.
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t he poor adherence onto nullite, silica scale, which

is initially anorphous, eventually transforns to
wa@eoogietist i te. This phase transformati on i s acRONPsI0BN4355

by a volunetric expansion, |eading to cracking of the

scal e and the deterioration of coating

durability.Introduction of alkali netal or alkal

earth nmetal oxides into silica creates gaps in the

conti nuous network structure in silica. This changes

the properties of silica such as reduction in

viscosity. Alow viscosity silica scale can act like a

glue and thus inprove the adherence of the mullite

b modatus ofiTapdy i§ betvedn +h&0 3Rz and ~1130<BPaavhich lsclower than

viscosity of silica scale was reduced in a controll ed

that omnm@é -b%meplagmdmermmel rh@dbl@@%f‘?é@t ednth bma@teadﬁashos,
or al eart metal oxid whi went into the

REzsl%Bllg%l ‘é"ﬂ)qlpaﬁ?f rﬂhﬁi 3 %@é’ééggfégéo{fﬁéf‘ab So%éﬁdes the

1 on coats

oS FEAT R RBR agﬁés@%amfwaof&wé@oa@ﬁa by adding a
coat was doped with a small anpunt of U20 or Na20
secongl phasetqiide. 5O Rosaibility irthad treiceating sierdyheeemes tougher with

with or without an additional silicon bond coat,
the addditomeof & sgrorfd phadd. yT Henpresestiaphlicativhiingiudésa de:xahie egack-
to a sinmulated conbustion environnment (90% H2O bal ance

resistdit, mdlliter coativlgi Medifiéddy addifg alecondiphaiss\uxided('composite mullite
recognl zes that too nuch of Li20or Na Oin the

coatlng‘éé gPéfEra;bﬁ\f‘Fdwpﬁwdd%lﬁeéfld%mrﬁé sbeoﬁ@%hgk'é %Wde'stlbfclude oxides,

use Ica scale wt | ow vi scosit cause

sopedBRkS L S VBl AP TA AR q‘w s
ot R A A e S AR K

required at _higher tenperatures because viscosity

contaiping exides, 1 and MP=eentaipingaydest T, aﬁn{élemr‘éﬁmlﬂsf oxides,
the dopant is nore than zero

ZrO, and ZrO,-containing oxides, HfO, and HfO,-containing oxides, rare earth oxides

(including Sc,03 and Y;03) and rare eartﬁ oxide-containing oxides (including rare earth
silicates), NZP family ceramics, and combinations thereof. Si may be added in the
second phase to further increase the bonding. The content of the second phase oxide
is more than zero wt.% and less than 100 wt.%. In one form the content of the second
phase oxide is within a range of 0 wt.% - 50 wt.%. In another form the content of the
second phase oxide is within a range of 1 wt.% - 30 wt.%.

The second phase oxide may be any combination of oxides listed above.
Further, in one form of the present invention the second phase oxide is not defined by

BSAS, and in another form of the present application the combination of second phase
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w.%and less than 10 wt.% In one formthe content of

the dopant is within the range of 0.1 w.%- 5
wovown@iltaze all alkali and al kali earth netal PXI/USR07/004355

are networ k-nodi fyi ng oxides they all have simlar

effect in reducing the viscosity of silica. Therefore,

all common al kali and al kali netal oxides, i.e., Li20

BeO, Na20O MO K20, CaO SrO BaO, and conbinations

thereof are contenplated as dopant in the present

invention. In one form the dopant may be incorporated

in nmetallic from i.e., Li, Be, Na, Mg K, Ca, Sr, and

Ba. In another form Si nay be added in the doped

oxidesnintiudes abteast cnatsecond phabe oxidedn ealdéiarte BSASI nghe Acomposite
' silicon bond coat may be applied between the

mulliteSédatipgNmizgsssl combiiadaiizh aeimadificatien etk Aalite c@aﬁrﬁg BY doping
coatings nmay be applied on top of the doped mullite

with aIRQI‘?‘Eh@ C}wﬂ@érﬂ‘i’ﬁ%@al'ﬂﬂu{ﬁt% Qé’t%hﬂgn Ry b?ow'sﬁsgalqsat Ht

I nternedl ate coatli ng reference to Fi g

Applichig pjiigd %%?ﬁgtn%&'%k@?%@fﬁ?@éfs??gfffa@ebh@%%geaé%a'a%&oating-

Furth%r,éﬁtp%e hoglpgdéglrgéﬂltlggqo}ﬁ%g %@fad wm#hgpghséitnbgqqmli earth metal
(mullite + Na20 / §SCZSI 2q 7+Sc2q 3) coated SiC

oxidesparernravided belew| Thetcanpesite mlliteceatingidaay baarptiad op the
stability and adherence as evi denced by the intact

siliconshdsedaubstrate bpahy suiteblereethod intluding plasmeaalpeayingtechnigues.
the | ack of chem cal reaction. On the other hand, the

$h loMeltbirh et/h§0pr%@é@ﬁn?éﬁ?&ﬂpr%v%@tféﬂs@%ﬁmmiigher temperature

extensi ve oxidation of Si bond coat after the Sane
cracBORAIE el A B LA ISR O,

%%1 renf(tjlaresnc:/el\élcjaI Il'llgts d é% %r?eryvaﬁ%o g’escrlgt 8 aspegs of tﬁe present
invention directed to improving the durability of mullite bond coat by improving the
adherence. One means to improve the adherence of a coating is by creating an
interphase between the coating and the substrate that bond well onto both the coating
and the substrate. When mullite-coated silicon-based ceramics are exposed to high
temperatures, silica scale grows on the silicon-based ceramics, forming an interphase
between the mullite and the substrate. The formation of pure silica scale, however, is
detrimental to mullite adherence because it does not bond well onto mullite. Besides
the poor adherence onto mullite, silica scale, which is initially amorphous, eventually
transforms to cristobalite. This phase transformation is accompanied by a volumetric

expansion, leading to cracking of the scale and the deterioration of coating durability.
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300 at 1400 C with one hour cycles in a sinulated
conbustion environnment (90% H2Cbal ance O2) . Agai n,

wo b@7spdiszon / (mullite + Na20) / (Sc2Si 20 7+SeCODUSI007/004355
coated SiC (Fig.7) maintained excellent oxidation
resi stance, chemcal stability and adherence as
evi denced by the intact silicon bond coat, the absence
of silica scale and the |ack of chem cal reaction.
This is in contrast to the silicon/ mullite /
(SC2S1207+SC2Q8) coated SiC (Fig. 8) which showed poor
oxi dati on resistance as evidenced by the |loss of the
silicon bond coat and the formation of thick porous
dotabeuctibini of aliedlomdtaton sikaditesstht metad foxistets iofo slliqe orgates gaps in
with an Alkali and Alkali Earth netal oxide. Chemni cal

the cohﬁﬁ@éd@ﬁ&w@?l@ struéturd Iresibean dThisashahges tieeprapurted efsilicansuch as
| ong-term exposures and/ or at very high terrperatures

red uct(o?nlﬁq}?%osngh AMoGAisé télIR:%Ssdﬁé/ cah ta%if l ﬁ gﬁ?ﬁh@iﬂ% improve

coat an e top coat, whic

S R e e e

_ conduct i vi tPI densjty, nodul us, thernal ans ,
viscosityof filics &Rele was redteeddn @r@ontfqileﬁgn%rﬁrﬂ%rde %nlwagh%%“te bond
limt the del eterious chem cal reactions between the
coat withyan alkab omakiatiieactht metad oxideo winiatt wenbiata ther siiemssalg. As
life. As discussed previously the environnental

discussatrprevioasigt ihegpreesntspplicationl éulyccdnternplatesidopiogdhe bond coats
coat, top coat and other material coats/l|ayers

dlscus%ti'db%‘%@ rfd Hrrefé?éﬁcé REFRYD31T @t @ otHed bopyaiaalte, sone
rare earth oxi de conmponents such as yttria (one key

ﬁrhaqﬂetéﬁéwbﬁnmwg% RaRT ST B g st eimadr Lo
SR R RCRLEL TN S

coatlngs haV|ng stabilized zirconia or hafnia devel op
additiepal siligen beagrqoat.eshowsd sigaifigantheimprieyed Qurability when exposed to a

simulated combustion environment (80% HzO-balance O,, 1 hr cycling, 1300 —1400°C).
The inventor recognizes that too much of Li;O or Na;0 in the mullite coating is
detrimental to the durability because silica scale with too low viscosity will cause
accelerated oxygen transport, formation of pores and premature coating spallation.

The upper limit of the dopant concentration depends on the temperature and the type of
dopant. Smaller amount of dopant is required at higher temperatures because viscosity
decreases with increasing temperature. The confent of the dopant is more than zero
wt.% and less than 10 wt.%. In one form the content of the dopant is within the range

of 0.1 wt.% - 5 wt.%.
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m smatch strain, limting the T/EBC |life by causing
cracki ng and del am nati on. Ext ensi ve chem cal

waeorpadsibt | ity studies at 15000C showed that HPGSI/Q8200A804355
excel l ent chem cal conpatibility with nullite, BSAS,
rare earth silicate, rare earth oxidestabilized
zirconia, and rare earth oxide-stabilized hafnia. Sone
rare earth silicates (RE2SiGs or RE2Si O : RE = Yb,
Lu, Sc) al so show excellent chem cal conpatibility
with mullite, BSAS, rare earth oxide-stabilized
zirconia, and rare earth oxide-stabilized hafnia.
Besi des the chenmical conpatibility, Hf SiO 4, RE2Si (b,
SBincdrER Slkalankiaalkalyeardh cueté f oxidesareohetwoek-meddifying oxides they
expansion match with the nullite-based bond coat and

all havel Simfar Sted¥n sedRsdingtres v@@dﬂd@%f@’tm exfegrbfcre! all common alkali

candi dates for the chemcal barrier. A |ow nodul us

and al@ me‘fé?}'oﬁﬂe{a i gr %@ @@?aN?WP@RZQ%%?%r%i%?%

ax ng t coefTicien

s [ ai ust r S _var onents o

combigaty E}hﬁﬁﬂqafeﬁaphr@wa 8 HgRart R ¢ BESiSH i\ eRliop, In one form,
BSAS, H Ti O 4, H @2, RE2Si Gs, RE2Si 207/, RE2Q3,

the dopeniapay be ipcomesaigdiip cnetalligiemdibi HaBeohd. Mg a. Sr, and Ba.
where RE = Sc, Y, Lu, Yb, Tm Er, Ho, Dy, Th, &, Eu,

In anher fadm, Samaphte pdéeém traoqbcbperiamudjme bondieeat to further increase the
contenpl ates the conbination of the RE materials. In

bondirgle formthe total content of RE2A3 in RE2(3-ZrO 2 and
E208-HFO 2 is nore than 1 nol % and | ess than 20 nol %

sﬂg@ﬁREgﬁa rc@?t fery’Bé ESpﬁé%f‘lSQWeeﬁfth8Eﬂ%nlﬁhs852&%s%@ and

is 4 m!%- 10 nol % The chem cal

mullitegl?é‘r{]degéﬁta@re%g cﬁé@ﬁ@én’ IFrﬁa& I%rogérim ;ﬁ&t wea%og{eg rﬂulél%e coating.
The dgpRd Toulie errd 05’1@?3;‘;@?@&%@@3& LS

tvlcfﬁ{\ ?gffe'renFc;egtoSgig\.Ag, t\;%rré ?suiﬁugti(a%gg ltr?g c?gss-secﬁon of silicon / (mullite +
Na;0) / (Sc;Si,07+Sc,03) after 400 hours at 1316°C with one hour cycles in a
simulated combustion environment (90% H20-balance O3). The silicon / (mullite +
Na,0) / (Sc;Si,07+Sc,03) coated SiC maintained excellent oxidation resistance,
chemically stability and adherence as evidenced by the intact silicon bond coat, the
absence of silica scale, and the lack of chemical reaction. On the other hand, the
Si/Mullite/Sc,Si,07+Sc,03 coated SiC showed extensive oxidation of Si bond coat after
the same exposure. Figs. 7 and 8 compare the cross-section of silicon / (mullite +
Naz0) / (Sc,Si;07+Sc,03) coated SiC and Si/Mullite/Sc,Si,07+Sc,03 coated SiC after

300 at 1400° C with one hour cycles in a simulated combustion environment (80% HO-

balance Oz). Again, the silicon / (mullite + Na;0) / (Sc,Si;07+Sc,03) coated SiC (Fig.
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i ncorporating the chem cal barrier into
mul til ayerenvironnmental barrier coating systens. The
w@e@degBifayer and alternating | ayers shoul d heP@r/sproea43ss

out thecoefficient of thermal expansion m smatch

strain in the case of a high coefficient of thernal

expansi on top coat (stabilized zirconia and hafnia).

Alternating multilayers should hel p toughen the

envi ronnental barrier coating by creating a conposite

| ayer. Fig, 11 shows an exanple of a single, discreet

Hf Si O chem cal barrier between the nullite bond coat

and the Yb2Si Gs top coat, and Fig. 12 shows an exanple
7) maiptained expeifent Ioﬂwaﬂbﬁlréxlstantbecmd:ats'@blmymhdi iadeerensie)as

vi a nmechani cal m xing. The environnental barrier

t beREHoae the b%E ligd sc& ke lack of
oide A AT DI LONFEEE The oA GO TE ek soBBTont ek

chem@%lojﬁag%gfr_ﬁs glnqigln%s&%fﬁ%&%% ﬁlYé: ﬁ 9534-%82(%} ) coated

.~ 90%d 20 . Th f f the
SIC (R ) Ech EPHES s RaLoN SPasTrce s Sl aas b Phiregppof e
of Fig. 11, the chem cal barrier makes the coati

silicoripend ceaand the foraaton Pﬁﬁ“@h@‘?ﬁoé§lscﬁl@ac'fh'§ﬁ’aéﬁwéﬁmO”Stfates the

del am nation at the top coat/bond coat interface in
effect védppimgghith anpekalt ame Adglidsarttemetalloiidea’) . I n t he case
of Fig. 12, the H Si O 4 conponent prevents the

dehefial eokctione Hceal af etidrincditys edanimtdridoe ianeng-term
additives (rare earth oxides) in Si3N4d. The nullite

expos*&?é‘sdaﬁé’/%% at %@{g r#%h ?Qﬁg%@%%@@@;t C%Q%lé‘gﬁé&t?ons may alter

onen e present application

e BT T R

plied over at |east a portion of the ceramc

mech%wsgkqmesmﬁnwépn%a&a& agier;qaating dvars. sHEh a¢iheral

conductivity, density, modulus, thermal expansion coefficient, etc. Therefore, it is often
desirable to limit fhe deleterious chemical reactions between the layers to maximize the
environmental barrier coating life. As discussed previously the environmental barrier
coating may be considered to include bond coat, top coat and other material
coats/layers utilized to protect the substrate. For example, some rare earth oxide
components such as yttria (one key stabilizer for zirconia and hafnia) readily react with
mullite forming a low melting (<1400°C) products, which can significantly alter the
coating properties and shorten the life. Many current environmental barrier coatings
having stabilized zirconia or hafnia develop a large coefficient of therrhal expansion

mismatch strain, limiting the T/EBC life by causing cracking and delamination.
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contenpl ates the conposite coating includes mullite

and Ta Os. Another aspect of the present application
w@onemgIFat es the conposite coating includes aPGEHUSVAT7/004355

phaseoxi de. Yet another aspect of the present

application contenpl ates the oxide includes at | east

one O Ta2(b and Ta20 5-containi ng oxi des, Nb2(0b6 and

Nb20 5-contai ni ng oxi des, VO and VO -contai ni ng

oxi des, Ti O and Ti OQ2-cont ai ni ng oxi des, ZrO and Zr Q2-

copt ai ni ng oxi des, Hf O and Hf O2- cont ai ni ng oxi des,

rare earth oxides, and rare earth oxide-contai ni ng

oxides (including rare earth silicat es) NZP ceram cs.

ABxithsive fohemicd| cohpatibdibye studigspati t500° ﬁmhmv&dematt fBIOhas

gas turbi ne engi ne conponent, conprising: a silicon

exceuéﬁﬁ&%rﬁ@émrﬁpsmmwm mufitel BIAS] fiffe RAMSsiIE | rafe earth oxide-

over | east a portion of said structure for
stablllf’éfﬁ&sr\l?gari\nF‘qrﬁ%a@ﬁ&*@%&iﬁlg‘é&r@gﬁt o Iaié'gtearth silicates

(e e 865 8B S9RL 40, 688 55'SL%}?P&”E%‘Eh%ﬁ@gbcwmﬂb”'wW'th

an alkali nmetal or alkali earth netal oxide ap
mullite; BSAS: rare gefthoxids-stabilized zirgraiag apd e garrﬂm&meestabmzed

Anot her form of the present application contenpl ates
hafniaa Besjnesrthe wheoucal rdosnpadibildy Hi1Si0aRBs8iSd, ard &hB28i,07 have good
conmponent; and a nullite bond coat doped wi th dopant

coeffi¢l@asf thermaleskpaingbri matoh witlv shd sullite biased dondredatand SiC or
aspect of the present application contenplates the

Si;N, 40P&Pdte TRARH § ggr?éké@rénwaﬁa\daiésafbrtH@érﬁém@m @éﬂﬂemlow

earth meta Yet anot her aspect of the present

modu@)@pcg\e@@%l%f ?Péﬁ?g% tg%rﬁl%tq%@ I?ﬂﬁ ‘?ﬁée 'g??ﬁiment of
thermar RO BB AR 450t f Al q%fé{%ixﬁpcrg%iwfq”r%mof
enviro%%]gntglogsrrier coatings. The top coat can be BSAS, HfTiO4, HfO2, RE2SiOs,
RE,Si,07, RE,03, RE;03:-ZrO,, RE,03-HfO3, and combinations thereof, where RE = Sc,
Y, Lu, Yb, Tm, Er, Ho, Dy, Tb, Gd, Eu, Sm, Nd, La. The present application further
contemplates the combination of the RE materials. In one form the total content of
RE;O; in RE;03-ZrO; and RE;03-HfO, is more than 1 mol% and less than 20 mol%. In
a preferred form the content of RE;O; in RE;03-ZrO; and RE;03-HfO; is 4 mol% - 10
mol%.

The chemical barrier can be incorporated as a discreet layer, a graded layer, a
mechanical mixture with the bond coat and/or the top coat, alternating muitilayers with the bond
coat and/or the top coat, or combinations thereof. Fig 10 shows various examples of
incorporating the chemical barrier into multilayerenvironmental barrier coating systems. The

graded layer and alternating layers should help spread out the
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applied on at |east a portion of the ceramc
structure, and the mullite bond coat is applied over
W@ a00d/038152 con bond coat . Anot her form of the prEPGENB2007/004355

appl i cation contenpl ates an apparatus conprising: a

silicon based ceram c body; a nullite bond coat

applied over a portion of said ceram c body; a

chem cal barrier applied over said mullite bond coat;

and a topcoat applied over said chem cal barrier.

Anot her form of the present application contenplates

an apparatus conprising: a silicon based ceramc

substrate; a nullite bond coat; a | ow nodul us chem cal
coefficiemt of thrermablexpansior misenatcostrain do the casealoha higiceesfficient of

appl i ed over said chem cal barrier. Another form of
thermdl R&pBh&IBANDP 2BAL 1s_¥§t§iiizmi giegtreaahathamia)) Arpeatiigsultiiayers

conprising: a silicon based ceram c body; a mullite

should R (e B o e g P S R BR ey aver.
nd, coat and beneath.said to t ADrevent | .
B CFowS A0 BT & B2 b B 21 HASICH GREbAMBhrrier between
t opcoat/ bond coat .interface. Another form of the
the mulTBSRNE AR ENGANE OIpeSion BRFOR NG loeRANOVSAR FamEle of
formng a bond coat including mullite on a silicon
incorperatingi HFSIQdnitke bane coabimullig tSHivia meaheaiasl orixiag. The
| east a portion of the substrate; and introducing at

envirohmestal baeriefcomtingl rkaintained akcealleintl enainchrasntal keeimiealrariu
nmetal oxide into the silica scale. Another aspect of

mechdniCal RPNy IRBRhL BRI SsmBAasHT@hARMIRE (Pigh 11 N1550°C 1 hr
Introducing the at | east one of an alkali mfetal oxide

I
cycles 3l P ALERLO-G0 0 P! T, A0, OP BN AP 800001 0o
. The bé:noeq'lttse or lhaet S\Sent'uirégl t(>:e§)rrr]ite(re|nnt th%fseter}(aem%ﬁesl Slaesgs ?orfl%w%f. Inthe case of
Fig. 11, the chemical barrier makes the coating more robust by preventing chemical
reaction and/or delamination at the top coat/bond coat interface in very high
temperature exposures (>1450°C). In the case of Fig. 12, the HfSiO4 component
prevents the deleterious chemical reaction between mullite and the additives (rare earth
oxides) in SizN4. The mullite bond coat readily delaminates without the HfSiO4 |
component.
One form of the present application contemplates an apparatus comprising: a

silicon based ceramic substrate; and, a composite mullite coating applied over at least
a portion of the ceramic substrate. Another aspect of the present application

contemplates the composite coating includes mullite and TazOs. Another aspect of the

present application contemplates the composite coating includes a second phase
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al kali netal oxide and an alkali earth netal oxide in
the bond coat is nore than zero wt. % and | ess than 10
wawe78e81Anot her aspect of the present appli cat POIUS2007/004355

contenplates that the content of the at |east one of
an al kali netal oxide and an alkali earth netal oxide
in the bond coat is within the range of 0.1 w. %to 5
wt. % Another aspect of the present application
contenpl ates that the bond coat includes a dopant in a
nmetallic formwherein the dopant is selected fromthe
group consisting of Li, Be Na, My, KlCa, Sr, and Ba
and conbi nati ons thereof. Another aspect of the

oxide. pYelsamdthepaspeciof the preseatppplication tantémplatésithe oxide includes at
introducing the at |east one alkali netal oxide and an

least oteke¥ Ta,€Rdrd TRIGY conthihing 6xiges, b ATk didPNbLOS-cEhRiiing oxides,
conS|st2F%g of LI O BeQO gNaZO MO, KO Cal SrQ B%O

VO, aﬁﬁ"éldéﬁ tgiﬂfdgo&ﬁdé?eﬁ@% nd @tzrb%rn é}ﬁ REIxi¥s tﬂ?ézgngo 102

applircati on cofite ates ng a secon

conai§ B TR SRR é@@@%@@%&?%@%@xﬁ%@n%'»are

consisting of silicon, netal suicide nd conbi nati ons
oxide-6RIAENG ORHEE KBeludingstare garihrsiligates)e N PagRiMigt i on
contenplates formng gaps in the continuous network
Anatbenfoenadf thé present applizationheantempiates afgasiiarpne esgine
appl i cation contenpl ates adhering the bond coat to the

compcHéntt ddrhgrisiigiod Biicomdpeed cefarhieeopripsemt; #ppLoatirig means
contenpl ates applying a top coat over the bond coat.

apphe%&h?ﬁle@%@ﬁﬁbnﬂfn b%la%ﬁ%éﬂﬁe ?&%ré@éﬁﬁﬁ‘t%l%‘a%ﬁ%f said

e top coat Is selected fromthe dgroup

onsi of BSAS, Hf Ti ™4, Hf 02, RE2S 05 RE28| 20 ,
ceram&%ﬁ&@m Zr @2, RE203-Hf @2, and conbi nati ons

t her eof ther as f t he resent applicati

Aratbefoards the prévers ameliatiatcedEmp e BherRzatmomprising: 2

top coat and the bond coat. Another aspect of the
silicongrasegdraerapys stewstie: anem Bnbitadesdiaeat doped witbrar alkali metal or

alkali earth metal oxide applied over at least a portion of said ceramic structure.
Another form of the present application contemplates an apparatus comprising: a
silicon based ceramic component; and a mullite bond coat doped with dopant means
for reducing the viscosity of silica. Another aspect of the present application
contemplates the dopant means is defined by an alkali metal or alkali earth metal oxide.
Yet another aspect of the present application contefnplates the dopant means is
defined by a combination of alkali metal and/or alkali earth metal oxides. Yet another
aspect of the present application contemplates the addition of a silicon bond coat
applied on at least a portion of the ceramic structure, and the mullite bond coat is

applied over said silicon bond coat.
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barrier is selected fromthe group consisting of H Si O

RE2SI @5, and RE2Si 207 and conbi nati ons thereof.
we\avles1isaspect of the present application conPENpPEzDBE04355

that the chem cal barrier is a discrete |ayer. Another

aspect of the present application contenplates that

the chem cal barrier is a nechanical m xture with the

bond coat. Another aspect of the present application

contenplates that the chem cal barrier is a mechanical

m xture wth the top coat. Another aspect of the

present application contenplates that at |east one of

an al kali netal oxide and an alkali earth nmetal oxide

A ottrerfoam df tree preésent bpplicatidncoatemplateshan apppeatus cbmprising:

the present application contenplates that the dopant

a snhcdh%s% ééinl@boé?né ﬁf‘dlhtéfbo%%b?éfbﬁéﬁ‘o@eroa pbrtiénedtdaid ceramic

| ess than % Anot her aspec t he present

body; $§ﬁ%hgqaatl ggnﬂ%égg‘{gpigggo% r}?hlhfé"'lgoqd) \A?‘E‘\g Aah@? fb@coat applied over

» ﬁ ual to 5.0wt. °o Anot her aspect of the
sal C"iﬁ"@@é tl’aré'gbl i cati on contenpl ates that at |east one of
an al kalimetal oxide and an alkali earth netal oxide

Anothardetre @f the presest geplgetiesreoniemalgtes aniappastds compnsmg a
Na2QO. Anot her aspect of the present application

silicon based merarmizss fhstrateip guitide bond lteat; anlomnonodsilusetheonikal barrier
structure of the silica; which further includes

applied@BPéysd18 bdnddbatogrid a\tepcddtappbied oersaidwhenecal Handerat
| east one of an alkali nmetal oxide and an al kali earth

ofherdbl f'tﬁ‘e Fé&"@n@aggﬁ’f’dﬁon'd&)nﬁé}ﬁ E@é@aﬁ%@arﬁﬂ@fceﬁfpnsmg a

aspect o e present cation contenpl at
. th Q h C {
smconlb@Esgtc%iﬂm B A Dl Ebofly 5L A pduth of sERCoeramic
resent a i cation cont | ates that the silicon
body; 8 et 1 SR ToRaNS PR RCsiEE daid ke Bog 598t and beneath
consi sting of silicon containing ceramc, reinforced
said topcbation peeventingi aherdcalaenctiomend/er detamaisktier at #1e topeaat/bond

coat interface.

Another form of the present application contemplates a method comprising:
forming a bond coat including mullite on a silicon containing substrate; forming a silica
scale on at least a portion of the substrate; and introducing at least one of an alkali
metal oxide and an alkali earth metal oxide into the silica scale. Another aspect of the
present application contemplates wherein in said introducing the at least one of an
alkali metal oxide and an alkali earth metal oxide come from the bond coat. Another
aspect of the present application contemplates the content of the at least one of an
alkali metal oxide and an alkali earth metal oxide in the bond coat is more than zero wt.
% and less than 10 wt. %. Another aspect of the present application contemplates that
the content of the at least one of an alkali metal oxide and an alkali earth metal oxide in
the bond coat is within the range of 0.1 wt. % to 5 wt. %. Another aspect of the present

application contemplates that the bond coat includes a dopant in a metallic form,
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contai ning netal alloy and carbon fiber reinforced
silicon carbide matri x conposite. Another form of the
w@e@seg1sappl i cati on contenpl ates a nmet hod conPCT/BEB2097/004355

subjecting a silicon containing substrate coated with

a bond coat including mullite to an environnent

suitable to cause a silica scale to formon the

substrate; and creating gaps in the continuous network

structure of the silica scale. Another aspect of the

present application contenpl ates adhering the bond

coat to the substrate. Another aspect of the present

application contenplates the introduction of at |east
wheretimtheodopemt 38 kelectedefrarh the igdeumoonsistird &blii BeaNa, N@:dﬂ, Ca, Sr,

id to th i An th t of )
and B3 AnseAm D BlIS R NSO E T OeT aSset o ths praseqt app lsatign
conter% égeé‘fhaﬁ‘l #@%l‘d |Hﬁf)@ucﬁ§'tﬁfa?lé@sf38né|ahé|h méeRl Bﬁdﬁn@ an alkali
oXide into the silica Anot her aspect of

earth mewemidaisme'lwed drore the: gropipatans ilingi Qfg.lﬁxeBefanNazQaMgo K20,
do avi.n caont ent eater 0.0 wt, %, ..
ca0, §3"pAOERR GambRaers hSiRRh s AbeHist BeBets e orenedt afpiication
conteﬁ\BlHté§ frivifly Q8RR dhascddt Betwéen gepaistiate %ﬁH el§é 86nd coat,
fromthe group consisting of alkali netal oxid
wherein the $easad: bonteceat ivge@sied fromse g{guwgonsqstlr@of siticon, metal

sicio G5 fpBRor Al FERRE' StahBP pRbea Ml SBRAEERbbffhavor
conte@\bﬁ#@s ehsihg biapsg imthd-catlinuBa®netwa® stWth@%ﬂl&a Another
O, BaO and conbi nati ons thereof. Another aspect

aspect ﬁéth@ riesant applicatian iconterapiataAdiasNg bR ¢ de Hiﬁjsubstrate-
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bond gsatupAeRhet aspety othesbdeseohapplmlbnwnwrﬂplateuw\at the top coat is

sloc ATt St AT St V0. RELME e i rev,
el TEIGE o, VRO A e
application contemplates applying a chemical barrier between the top coat and the
bond coat. Another aspect of the present application contemplates that the chemical
barrier is selected from the group consisting of HfSiO4, RE;SiOs, and RE;Si,O7 and
combinations thereof. Another aspect of the present application contemplates that the
chemical barrier is a discrete layer. Another aspect of the present application
contemplates that the chemical barrier is a mechanical mixture with the bond coat.
Another aspect of the present application contemplates that the chemical barrier is a
mechanical mixture with the top coat. Another aspect of the present application
contemplates that at least one of an alkali metal oxide and an alkali earth metal oxide is
from a dopant in the bond coat. Another aspect of the present application
contemplates that the dopant has an initial content of greater than 0.0 wt % and less
than 10 wt. %. Another aspect of the present application contemplates that the dopant
has an initial content of greater than 0.1 wt % and less than/or equal to 5.0wt. %.

Another aspect of the present application contemplates that at [east one of an alkali
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coat. Another aspect of the present application
contenpl ates that the chem cal barrier is selected
wo e@mo9d182 gr oup consi sting of Hf Si 04, RE2Si Os, PENUSIRET/004355
Si O7 and conbi nations thereof. Another aspect of the
present application contenplates that the silicon
containing substrate is defined by a silicon
cont ai ni ng ceram c. Anot her aspect of the present
application contenplates that the silicon containing
substrate is defined by a reinforced silicon
containing ceramc matrix. Another aspect of the
present application contenplates that the silicon
metal oxideana argatklabsaarmt raetad odtiiel meeldmyedafrsm theagroup consisting of LizO
rreta spect, of the prese
and NG| Aot epst efiech Bs e AR FRLSS FPiesIPle R IR Bgaps in the
contin&Y ﬁéﬁ@&k's%ugﬁfrérb?%é’)émé‘a Gﬂﬁl@ﬁ'ﬂurfthé’r‘ﬂhclbabé‘fa‘éb%?b a top coat
I con carbide matrix conposite. her aspect "of
over thehbom esahwhmrpini toatatdeasi@rmemfmrmlbah awﬁelrom@e ahd apaikali earth
t he ubs e; rei,n said creat i ncl udes
metal BRige; s foGUAcRPAR! b1 a3 BBty AT cASERCK BT NP
apphc%rﬁj&orﬁﬁﬁw;ﬁé\:e@tﬁé‘ﬂ t'heQﬂfda'ht RBs al cd?%éﬂ%f'g?éﬁtetr Ihears 011 \WE% and
e; Whi further includes doping the bond coat
less thant’OT @qmmﬁtovna% n§nathesaspect cgrtbatp@esanimpdlcailm coptemplates

o g e s B o DAL g ffeon

contalﬁfn@fﬁérbmlcﬂQ@ﬁ!%rce&%ﬂtcbﬂfcofncmﬁhgfcetrélrwmmeﬁﬂnéomposnes silicon
application contenplates a nmethod conprisin

contaigngj reetdl Aoy asd icacern boen r@.lm‘pwgdsmltr@mr%ﬁr@d@daaw GAneppPsite.
PP i e e Ao oo 8p 3 o borising

subjectingi & silcemtostairtiadsabétrategoateyith asbdmd:aostcuatﬂedwgt ullite to an
in_t estructure of t |'ica scale.
enviro iRt SLLHO B1ia BLES A RIS MAIE A QS B0 lioRgheiials: and creating
gaps iA4RE ORISR ROk SttictuPe bfheSUiRe] SIS AMOBR& dbpect of the
present application contemplates adhering the bond coat to the substrate. Another
aspect of the present application contemplates the introduction of at least one of an
alkali metal oxide and an alkali earth metal oxide into the silica scale. Another aspect
of the present application contemplates the introduction of both an alkali metal oxide
and an alkali earth metal oxide into the silica scale. Another aspect of the present
application contemplates doping the bond coat with a dopant having a content greater
than 0.0 wt % and less than 10 wt. %. Another aspect of the present application
contemplates that the dopant is selected from the group consisting of alkali metal oxide,
alkali earth metal oxide, Li, Be, Na, Mg, K, Ca, Sr, and Ba. Another aspect of the
present application contemplates that the dopant is selected from the group consisting
of Li,O, BeO, Na;0, MgO, K0, Ca0, SrO, BaO and combinations thereof. Another
aspect of the present application contemplates forming a second bond coat between
the substrate and the bond coat, wherein the second bond coat is selected from the
group consisting of silicon, metal silicides and combinations thereof;, and which further
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the dopant is within a range between 0.0 wt. % and
10.0 wt. % and which further includes introducing at
wo e@ssine of al kali netal oxide and an al kal | PERDB1907/004355
metal oxide into the silica scale; Another formof the
present application contenpl ates an apparatus
conprising: a silicon containing substrate having a
surface; and a nmullite bond coat doped with an al kali
material or an alkali earth material and applied over
at least a portion of saidsurface. Another aspect of
the present application contenplates that the al kali
material is an alkali nmetal oxide and the alkali earth
includesaepliyimg a topacoatidver theebohd cost aAnathedespeut of tiee present
aspect of the ?resent |IC|6btl on cont enpl ates t hat

applicatid cemRIates [Aing 4 iral haraen Baveasahe kongreat and the top
coat. %P@'{ﬁﬁg%?eWOf tﬁ(ég?%érﬁ%% l@ﬁ(bnl&rw%m ?@teéﬁgthﬁﬁ gﬁéﬁ\“r’fél barrier

esent a datron-cont e es t
is selecwfemmfthe gtdnep domsisting of Hf&Opr&zsmm‘ and Riz A0y artde
.range of 0. %to 5 Anot her,. aspect of th
combif e nerRsi ACRIGTARSA BhineResen: hAIcEios canBraAiats that the
5|l|con|c%ﬁféml"f\ﬁ%‘2fb§{r9fé RfddfiredBy 4 8ficon %BHtMﬁg%thrH&e AdthéPaspect
es gaps in tHe continuous nétwork
of the pteseot apphaa‘tloniwnﬁempla’eesti‘mtme sificom epntainieg substrateds defined

t
by a (BinTIRRY sTRRR PSR aE eI E Rkt ISthaF bap &l Y Brefent
applic@@Scontempldtes shatithe stizaheonfiAingasubesaRCis deffineliey a silicon
present a&r’JI i cation contenplates that the bond coat

1S
contalraualeme@l adoy. hAneities espee; ofvthe oresant @pafication eantemalatep that the

oS8 1B o BB o B B lodd B e
matnxfdbﬂ'?dshe Rrihecaspcs bf ﬂﬁa prfesBS%pplld‘aTbﬁJconté‘rﬁﬂates adhenng the
RE2Si b, RE2Si 207, RE2O3, RE2(3-Zr 2, RE2(3-

bond caatte the suhsirateiovBerein aaigqieating ineludesrthe W@f?ﬁlé%'é’ﬁtoq at least
one of SPAKEA M H88 SAB' 4 DRali BEHM &G BxiGEGtbGRL shiRa'dcle: which

further includes doping the bond coat with a dopant having a content greater than 0.0
wt % and less than 10 wt. %, wherein the alkali metal oxide or alkali earth metal oxide
in the silica scale being from the dopant.

Another form of the present application contemplates a method comprising
subjecting a silicon containing substrate coated with a mullite bond coat doped with an
at least one of an alkali metal and an alkali earth metal to an environment suitable for
growing a silica scale with gaps in the structure of the silica scale. Another aspect of
the present application contemplates adhering the bond coat to the substrate; wherein
the dopant is within a range between 0.0 wt. % and 10.0 wt. %; and which further
includes introducing at least one of alkali metal oxide and an alkali earth metal oxide
into the silica scale;

Another form of the present application contemplates an apparatus comprising:
a silicon containing substrate having a surface; and a mullite bond coat doped with an

alkali material or an alkali earth material and applied over at least a portion of said
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| ocat ed between the top coat and the bond coat.
Anot her aspect of the present application contenplates
wo bav/opd182 chemi cal barrier is selected from t heCOUS2007/004355
consisting of HHSIO, RE Si 05, and RE2Si 207 and
conbi nations thereof. Another aspect of the present
application contenplates that the silicon containing
substrate is selected fromthe group consisting of
silicon containing ceramc, reinforced silicon
containing ceramc matrix conposites, silicon
containing netal alloy and carbon fiber reinforced
silicon carbide matri x conposite. Another aspect of
surfacbhe‘\rmthasreaﬁpeﬂ:ppf trteapriesent:amlEaﬁbameatmhgaﬂata%atma aihali material
I.S, .nor e

s an alfell Metal Oxikrand g 2ikaf Sarf SRetelint Rein alkef Badt metdl oxide.
Anoth%é%p;ﬁ%rt] %?Er{eeprl‘é@eﬁf ab&lﬁ:%‘tloﬁ o%ﬁférhﬁlﬁté%f th‘ahﬁméé’érﬁtéﬁ?m the dopant in

I'tca scal e I ncludes gaps in
the boodrooiah isomeren thamozsroswt: fc aod dessfthanel Gswi. |%a/>etw&n@' aspect of the
n.at | east one n al kal,i

preserliHERTFaUSl eHTRERLF S et Sridda I fopSitia taf Bopg oat i

within %ﬁ@?éﬁ e\bRE.8ivid. YA QQﬂd%CORﬁothér Q@';‘S@éteéﬂ theé pkd¥ent application
su strate and which further includes a top coat over

contemhlatema silisacalnon iat feasb aracstion pEthersgtane; apglwhereindhe silica

ccle QBRI 8 A RARIAR e SRPRFAIRL o R o gt

aspecﬂ‘df fhet B@ebemobw@bnorm@bu@nﬁma@s&ﬁsp@ﬂeam exa@lamﬂ.h@étal oxide

SAS applied over said surface. Another aspect of

and arn n&qu@rme wld%ma&mntﬁ)meewmaawiet Ractheiaspesbefthe present
spolcBF 2o e Hfales ol QIR Ko BILRSL pEFUEE i frner

includes attbp coatover theasmdocaaie An@thmrtdsped betheapreeenf agphication
% Anot her aspect of the

contergpiates thal She 2 ERTHF SPIEGIITH AR e SToWE EASBRNG Ak BSAS, HITIO,
HfO,, g@%\%ﬁ%@sgﬁ@}ﬁ%ﬁg@%ﬁ) RE t2bh g?oﬁgﬂsgég%o?f arld Bbmb#dtiBns thereof.
Another aspect of the present application contemplates including a chemical barrier
located between the top coat and the bond coat. Another aspect of the present
application contemplates that the chemical barrier is selected from the group consisting
of HfSiO4, RE,SiOs, and RE;Si,O; and combinations thereof. Another aspect of the
present application contemplates that the silicon containing substrate is selected from
the group consisting of silicon containing ceramic, reinforced silicon containing ceramic
matrix composites, silicon containing metal alloy and carbon fiber reinforced silicon
carbide matrix composite. Another aspect of the present application contemplates that
the content in the dopant in the bond coat is more than zero wt. % and less than 10 wt.
%; which further includes a silica scale on at least a portion of the surface; wherein the
silica scale includes gaps in the continuous network structure of the silica scale;
wherein at least one of an alkali metal oxide and an alkali earth metal oxide are passed
into the silica scale; wherein the bond coat is adhered to the substrate; and which

further includes a top coat over the bond coat.
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application contenplates that the second phase oxide

is selected fromthe group consisting of oxides, doped
w@00dess1and oxi de conpounds of transition net aPGT/ARII07/004355

rare earth el enents. Anot her aspect of the present

application contenpl ates that the second phase oxide

is selected fromthe group consisting of Ta20s and

Ta20scont ai ni ng oxi des, Nb20b6 and Nb2Gs- cont ai ni ng

oxi des, VO and VQ2-contai ni ng oxides, Ti Q2 and

Ti @2-cont ai ni ng oxi des, ZrO and Zr Q2-cont ai ni ng

oxi des, Hf Q2 and Hf O2- contai ning oxides, rare earth

oxi des (including Sc2q 3 and Y2Q3) and rare earth

Aanatheoformi ofithg poeseard eppiicatiandéarjempiates antapparatus comprising:

a siicq b3 sub St Mo ShAIRE 4p S r P L P pona coar
B T e L s P
aspechetf ttie. prasentrappligatiert contemplatesitbatie sesphd ghiaiseroxide is a low

moduliR@xan: AReDEL Ratehsi ihé pianent Ao fitat B oo BiEE el the
contefiHIthE sedsmephadd okide i® WahftheRPlhe GHO W % d56WRl 26 eAnother
that the bond coat is adhered to the substrate.

aspecpabtheqireaeptcanplichtiom sopteszates4pat therantentcafine sprendpghase

oise T8 9 B BT R S BBl

applicafdregbetenipla@sithat the@sRoA Phask ioxeds ﬁlédté@ﬂowrou
PP sui ci des aF{]d conbi nati ons ?ﬁereof. Anot her aspect o P

consisting qfaxifas; dappd cxBESANdCoFide spMpceads of figneidian rastats and rare

et g8 frEr O 0 B ORSBh, BEpl B S5t o
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contalB KRS Vs Qe AICLP O AR RE TG SRE8E. Yozend Yioesaraning oxides,
TI0: P CH ARG ST, 8 A MANAR S HO:ena -
containing oxides, rare earth oxides (including Sc;0O3 and Y;03) and rare earth oxide-
containing oxides (including rare earth silicates), NZP family ceramics, and
combinations thereof. Another aspect of the present application contemplates that the
bond coat is doped with at least one of an alkali metal oxide and an alkali earth metal
oxide. Another aspect of the present application contemplates including a silica scale

- having gaps in the continuous network structure of the silica scale. Another aspect of
the present application contemplates that the bond coat is adhered to the substrate.
Another aspect of the present application contempiates forming a second bond coat
between the substrate and the bond coat, wherein the second bond coat is selected
from the group consisting of silicon, metal silicides and combinations thereof. Another
aspect of the present application contemplates a top coat over said bond coat. Another
aspect of the present application contemplates that top coat is selected from the group
consisting of BSAS, HfTiO4, HfO,, RE2SiOs, RE2Si,07, RE;03, RE203-Z2rO;, REZ0;-
HfO,, and combinations thereof. Another aspect of the present application
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Anot her aspect of the present application contenplates
that the chem cal barrier is selected fromthe group
wa@ongiosgisng of HF Si O, RE2SI G5, and RE2Si 207 apdI/US2007/004355
conbi nati ons thereof. Another aspect of the present
application contenplates that the bond coat is adhered
to the substrate;which further includes a top coat
over said bond coat; and wherein the content of the
second phase oxide is within the range of 1 w. %to
30 . % Another formof the present application
contenpl ates an apparatus conprising: a silicon
cont ai ni ng substrate having a surface; and a conposite
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gas turbine engine conponent is selected from

ad hereqhéo glecﬁ},rtbsél’@rtﬁ whightprider wc&uﬂmtqn coatRyer sgicdbend Gedteand
wheregbﬁ béoi?? L Jr3RE se%r% ?ﬁﬁlsé B&fa‘e% vJ{Fm?n ﬂ'reersa%:@% of 1 wt. % to 30 wt.
I O o I'sing: a

ntenp es an parat us co
%. s| i con containing substrate haV| ng a surface; and a

nposite mullite bond t | udi BSAS d ot he
R A{or i hE PERRTE A0 QRO ATIERAAIES D ARP AR RETPrising:

a siicih SbREINIATREGT G AdVindh SoBbe R, PLORPSATIEMIL 30RA coat
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d t
with a@| %gtsero 8f %én |:[éag1hn%}a lS ag\ngr i Sas%aerc of the present

application contemplates that the apparatus is a gas turbine engine component.
Another aspect of present application contemplates that the gas turbine engine
component is selected from the group consisting of a combustor liner, blade, vane and
blade track.

Another form of the present application contemplates an apparatus comprising: a
silicon containing substrate having a surface; and a composite mullite bond coat
including BSAS and another distinct second phase oxide applied over said surface.
Another aspect of the present application contemplates that the another second phase
oxide is selected from the group consisting of oxides, doped oxides and oxide
compounds of transition metals and rare earth elements. Another aspect of the present
application contemplates that the another second phase oxide is selected from the
group consisting of Ta,05 and Ta,0s-containing oxides, Nb2Os and Nb,Os-containing
oxides, VO, and VO,-containing oxides, TiO, and TiO,-containing oxides, ZrO; and
ZrO,-containing oxides, HfO, and HfO;-containing oxides, (RE) rare earth oxides
(including Sc203 and Y,03) and (RE) rare earth oxide-containing oxides (including rare
earth silicates), NZP family ceramics, and combinations thereof. Another aspect of the
present application contemplates that the bond coat is doped with at least one of an
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application contenplates that the another second phase
oxide is selected fromthe group consisting O Ta20
w@r@ 70962 5- cont ai ni ng oxi des, Nb2Cb6 and PCT/US2007/004355

Nb20b- cont ai ni ng oxi des, VO2 and VQO2-contai ni ng

oxi des, Ti Q2 and Ti O2-cont ai ni ng oxi des, ZrQ2 and

Zr Q2-cont ai ni ng oxi des, Hf Q2 and Hf g 2-contai ni ng

oxi des, (RE) rare earth oxides (including Sc203 and

Y2Q3) and (RE) rare earth oxide-containing oxides

(including rare earth silicates), NZP fam |y ceram cs,

and conbi nati ons thereof. Another aspect of the

present application contenplates that the bond coat is
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PO R s S i comorne
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alkali metal oxide and an alkali earth metal omde Another aspect of the present

application contemplates that the bond coat is doped with both an alkali metal oxide
and an alkali earth metal oxide. Another aspect of the present application contemplates
including a top coat over said bond coat. Another aspect of the present application
contemplates that the top coat is selected from the group consisting of BSAS, HfTiOq,
HfO,, RE;SiOs, RE;Si;07, RE;03, RE;03-ZrO;, RE;05-HfO,, and combinations thereof.
Another aspect of the present application contemplates applying a chemical barrier
between the top coat and the bond coat. Another aspect of the present application
contemplates that the chemical barrier is selected from the group consisting of HfSiO,
RE,SiOs, and RE;Si;07 and combinations thereof,

Another form of the present application contemplates an apparatus comprising:
a substrate having a surface; and a composite mullite bond coat applied over said
surface, said bond coat including a second phase oxide and doped with an alkali
material or an alkali earth material.
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al kali metal oxide and an al kali earth netal oxide.

Anot her aspect of the present application contenplates
wo ba@w/0vg162 bond coat is doped with both an al kaPCT/De1081/004355

oxi de and an al kali earth netal oxide. Another aspect

of the present application contenplates including a

top coat over said bond coat. Another aspect of the

present application contenplates that the top coat is

selected fromthe group consisting of BSAS, HfTi O,

Hf 2, RE2Si G, RE2Si 207, RE2(3, RE2(3- Zr (2,

RE2(3- Hf 2, and conbi nati ons thereof. Another aspect

of the present application contenpl ates applying a

odnmtheraﬁorﬂmaofrthelprwnmplitatmrtmntemlatamdntdwdnaﬁmd comprising: a

coat. Anot he t of rese cat
substEGaring g SEacRaang RaTulitmbeRd Caal dorsd Wi 2 Ralmaterial or an

alkal WI%:@H%O%I na(?}lé(g%glﬁ ﬁﬁnﬁﬁgﬁ s%form of the

PArectbet foammfltbatplrmernmplphmuim mtamp@paaata;maratus comprising:

bstrate h
2 subSHBAENG HENTRIS A6 cRBRPs A B B8 W@rd%agu”b"“é‘ﬂwgé‘c%e°°”d
phasescﬁ%&*e Bes tmesws:byewe’wo@er%%wggrf@é@se oxi de and

d wth an alkali material or an alkali earth _
néhie the lnA(notmrehas@emoHustwéecpJaed @iescaped ircdetadin the drawings
contenpl at es an apparatus conprising: a substrate

and foneysing desestiption; ¢he aanheds itoibkidoasiienet dlastratieadd wot testrictive in
an alkali material or an alkali earth material and

chara®eplif @éin?‘ﬂ‘hﬁe%toé&tﬁét chPSEleLRA ethbédinferisihh@é ®een shown and
Anot her Torm of the present application contenplates

desanQd %‘919%311 éﬁ?cr?ﬂq%si %bpglagﬁtsc' ubsy ﬁw@ﬁﬁ‘c?ﬁgﬁé”gwaﬁ CBH{J \ﬁgﬁm the

a Ccofposl ond coat rnclrudin
cone R e RS B S, AP, Bl B B s
to be ;Iargtgc%éc?.l IAnlynextpg(reimdern{ils\,l\,lI enx%sérimental examples, or experimental resuits
provided herein are intended to be illustrative of the present invention and should not
be construed to limit or restrict the invention scope. Further, any theory, mechanism of
operation, proof, or finding stated herein is meant to further enhance understanding of
the present invention and is not intended to limit the present invention in any way to
such theory, mechanism of operation, proof, or finding. In reading the claims, words
such as "a", "an", "at least on", and "at least a portion" are not intended to limit the
claims to only one item unless specifically stated to the contrary. Further, when the
language "at least a portion" and/or "a portion" is used, the claims may include a portion

and/or the entire item unless specifically stated to the contrary. Any patent application,

publication or patent listed in this document is incorporated herein in its entirety.
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and foregoing description, the same is to be
considered illustrative and not restrictive in
webaraggisr, it bei ng understood that only sel eBtBUS2007/004355

enbodi nents have been shown and described and that al
changes, equival ents, and nodifications that cone
within the scope of the inventions described herein or
defined by the following clains are desired to be
protected. Any experinents, experinental exanples, or
experimental results provided herein are intended to
be illustrative of the present invention and shoul d
not be construed to limt or restrict the invention
scope. Further, any theory, nmechani sm of operation,
proof, or finding stated herein is neant to further
enhance understandi ng of thepiggent invention and is
not intended to limt the present invention in any way
to such theory, mechani sm of operation, proof, or
finding. In reading the clainms, words such as "a",

What is@imedds: | east on", and "at |east a portion" are not
intended to limt the clains to only one item unl ess

1. Heethodapmprisingt ed to the contrary. Further, when the

| e [1] . M . [1] A [1] M [1] M .

(GREHEROH SRR M YHah conB et

fornming a $ikca scdledn astpeasitlfd paition cfttiaé gldbstoattahand

contrary. Any patent applicatjon,, publjcation or .

TRedheing ot st Gne A 8 aikaliBrial Pyiderans Holiileaity metal oxide
into the RillchScg i rety. CLAIMS What is claimed is: 1. A nethod

conprising: formng a bond coat including nullite on a

silicon containing substrate; formng a silica scale
t he su

2. Theatictny doi dcuhuin in s THERAARIHS e B east one afan aikali
metal 8Kda'drdl &n aRkali RanBitAktaP¥kide come from the bond coat.

3. The method of claim 2, wherein the content of the at least one of an alkali metal
oxide and an alkali earth metal oxide in the bond coat is more than zero wt. % and less
than 10 wt. %.

4, The method of claim 2, wherein the content of the at least one of an alkali metal
oxide and an alkali earth metal oxide in the bond coat is within the range of 0.1 wt. % to
5wt %.

5. The method of claim 2, wherein the bond coat includes a dopant in a metaliic

form, wherein the dopant is selected from the group consisting of Li, Be, Na, Mg, K, Ca,
Sr, and Ba and combinations thereof.
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into the silica scale. 2 . The nethod of claim1,
wherein in said introducing the at | east one of an
w@bdoalopsiaet al oxi de and an al kali earth nmetal P&I/US2007/004355

cone fromthe bond coat. 3 . The nethod of claim?2 ,

wherein the content of the at | east one of an al kal i

metal oxide and an alkali earth netal oxide in the

bond coat is nore than zero wt. % and | ess than 10 wt.

% 4 . The nethod of claim?2 , wherein the content of

the at | east one of an alkali netal oxide and an

alkali earth nmetal oxide in the bond coat is within

the range of 0.1 wt. %to 5 w. % 5. The nethod of

5. cT}m me2hodvotclaim 1t innebeindn seit introducidg the atitgastone rlkali metal

nmetallic form sel ected fromt

oxide apg@@ alkalcearth H\é\eﬂg[ox_ae 1fgsgseep\llgc eaa‘roqﬁh%groq;} co%ﬁ{atlrgaop Li,O,
t im1,
BeO, WE relﬂﬁq n sal(zga%ngr{g u%?ﬁagndtﬁﬁﬂgtﬁspggssﬁeé%gﬂa | kal i
metal oxide and an alkali earth netal oxide is
sel ect ed mth ro consi st f Li 20, BeQO. . Na20Q,
5. v Medegd eﬁ@alr@ﬁo et SR il Priis F ef Sy Ogd coat
betwethhér%hgeg énd mtcwhfakg.ﬁ *ﬂﬁ—‘é sb&GAdB88d fc@éﬂ"s%@lected
a secon coat et ween the substrate and the bond
from tbe@rqum/aemsashmg bEsifepmietabsitcideaandcosbinatiens theseaf.

the group consisting of silicon, netal suicides and
conbi nations thereof. 7 . The nmethod of claim 1, which

7.  foHd RRthodet ides 1f heHELreveP ndlidds o reay g@wmhe continuous
network structure of the silica. 8. The nethod of

netwogk airusture ahecsikcasai d f ormi ng adhering the bond coat
to the

8. The method of claim 1, wherein said forming adhering the bond coat to the

substrate.

9. The method of claim 1, which further includes applying a top coat over the bond
coat.

10.  The method of claim 9, wherein the top coat is selected from the group
consisting of BSAS, HfTiO4, HfOz, REzSiOs, RE23i207, RE203, RE203-ZFOZ, REzO;;-l
HfO,, and combinations thereof.

11.  The method of claim 9, which further includes applying a chemical barrier
between the top coat and the bond coat.

12.  The method of claim 11, wherein the chemical barrier is selected from the group
consisting of HfSiO4, RE,SiOs, and RE;Si,O7 and combinations thereof.

13.  The method of claim 11, wherein the chemical barrier is a discrete layer.
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substrate. 9. The nethod of claim1, which further
i ncl udes applying a top coat over the bond coat. 10 .
wab@7oesibnd of claim9 , wherein the top coat PGI/US2007/004355
selected fromthe group consisting of BSAS, Hf Ti O4,
Hf 2, RE2Si G5, RE2Si 207, RE2(3, RE2(3-Zr 2, RE2(B-
Hf 2, and conbi nations thereof. 11. The nethod of
claim9 , which further includes applying a cheni cal
barrier between the top coat and the bond coat. 12.
The nethod of claim 11, wherein the chem cal barrier
is selected fromthe group consisting of Hf Si O,
RE2Si Gs, and RE2Si 20 and conbi nati ons thereof. 13 .
The nethod of claim 11, wherein the chem cal barrier
i.s a discrete |ayer.14. The nethod of claim 11,
14. v?H@r'é\thde@ ¢Al %aaWhSQIFIﬂ& chemicalparigsils amaghanigal mixture
with th}%ﬁﬁ%&@@ bond coat. 15 . The method of claim11,
reln he chem cal barrier is a mechanical mxture
with the top coat. 16. The nmethod of claim1l, wherein

15, e @.@anclmaqf RN (5 FRORICR BBRIRTS PMeqR | cture

with tfﬁeo@b . The nmethod of claim 16, wherein the dopant
as an |n|t| al content of greater than 0.0 wt % and
less than 10 wt. % . The nmethod of claim16 ,

o 8 bl SR, ol G Ao o

alkali earth metal oxide is from a dopant in the bond coat.

17. The method of claim 16, wherein the dopant has an initial content of greater than
0.0 wt % and less than 10 wt. %.

18.  The method of claim 16, wherein the dopant has an initial content of greater than
0.1 wt % and less than/or equal to 5.0wt. %.

18. The method of claim 1, wherein the at least one of an alkali metal oxide and an
alkali earth metal oxide is selected from the group consisting of Li,O and Naz0O.

20. The method of claim 1, which further includes forming gaps in the continuous
network structure of the silica,

which further includes applying a top coat over the bond coat;

wherein the at least one of an alkali metal oxide and an alkali earth metal oxide
is from a dopant in the bond coat.

21.  The method of claim 20, wherein the dopant has a content of greater than 0.1 wt
% and less than/or equal to 5.0wt. %.
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19 . The nethod of claim1, wherein the at |east one
of an alkali nmetal oxide and an al kali earth netal
W®@200d098182 sel ected fromthe group consisting OPCI/USIO07/004355
and Na20O. 20. The nethod of claim11, which further
i ncludes form ng gaps in the continuous network
structure of the silica; which further includes
applying a top coat over the bond coat; wherein the at
| east one of an alkali netal oxide and an alkali earth
netal oxide is froma dopant in the bond coat. 2 1.
The nmet hod of claim 20, wherein the dopant has a
content of greater than 0.1 W % and | ess than/or
22. dtheanethodsofiaim 20 22herEire theesiicah obntalningrsadstrateds eelected from
the silicon fcont ai ni ng. substrate is,selected from.he .
the grcﬁ.{powsdgﬁg gtsfllltﬁ?rbqorggqnfr};goﬁer@%cl:,a[pmfchréze esrllmncc,ontammg ceramic
matrix 'cBHcRite8 Ssifiddr EoHtamMy AiefdIlio§ ndnBarbomfibbXreinforced silicon
conposites, silicon containing netal alloy and carbon
carbidé intatrix compfositeed silicon carbide matri x conposite. 23.
A nmet hod conprising: subjecting a silicon containing
substrate coated with a bond coat including mullite to

23. A nRMvdd eomBAsingui tabl e to cause a silica scale to
formon the substrate; and creating gaps in the

suhjecting @ssitiearmerntaiingisubsteate coatas with adpnstegat.inglyding mullite

o an SLITER Mgl B B0 1 iR BoB oAy bPebl bgyate: anc
Teédty gapsinahencdhtinubes aetwarRistructuealtof tige silich sdals. t he

i ntroduction of at | east one of an al kali netal oxide
and an alkali earth netal oxide into the silica scal e.

24. The method of claim 23, which further includes adhering the bond coat to the

substrate.

25. The method of claim 23, wherein said creating includes the introduction of at
least one of an alkali metal oxide and an alkali earth metal oxide into the silica scale.

26. The method of claim 23, wherein said creating includes the introduction of both
an alkali metal oxide and an alkali earth metal oxide into the silica scale.

27. The method of claim 24, which further includes doping the bond coat with a
dopant having a content greater than 0.0 wt % and less than 10 wt. %.

28. The method of claim 27, wherein the dopant is selected from the group
consisting of alkali metal oxide, alkali earth metal oxide, Li, Be, Na, Mg, K, Ca, Sr, and
Ba.

29. The method of claim 28, wherein the dopant is selected from the group
consisting of Li,0, BeO, Na;0, MgO, K0, Ca0, SrO, BaO and combinations thereof.
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26. The nethod of claim 23, wherein said creating
i ncl udes the introduction of both an al kali netal
wo@eodesaszl an al kali earth netal oxide into thRCEUB100A004355
scale. 27. The nethod of claim 24, which further
i ncl udes doping the bond coat wwth a dopant having a
content greater than 0.0 wt % and |ess than 10 wt. %
28. The nethod of claim 27, wherein the dopant is
selected fromthe group consisting of alkali netal
oxi de, alkali earth nmetal oxide, Li, Be, Na, My, KlCa,
Srland Ba. 29. The nethod of claim 28, wherein the
dopant is selected fromthe group consisting of 1J 20
BeO, Na O MO K20, CaO SrO BaO and conbi nati ons
her eof . 30., The pethod qf .claim 24, whi.ch further
30. e DRSS R 2% WBEbTutieraClass fBhREasqeand bond coat
betwedH i §@tr ‘énﬁgﬁ? ond (ﬁ)%twhé?‘éﬁf e s dddP dBAERNEL N M Eelected
coat 1s selecte romthe group consisting of silicon,
from theegmiupsadrsistieg cfrsilicoopbietaltsilmides ard combinatignetheneof, and

fyrther inclydes applying,a ton coat oyver the bond
¢h furtnel Incydes 3brliace 19h Seahos8" the Pehd PERt ner
includes formng a chem cal barrier between the bond

coat and the top coat. 32. The nethod of claim3 1,
31. inermiethodhef claien2Bawhisarfurtaer inslusies defreiagra ehemisal barrier

. [ QUP, CONSI S{ I i.Q, RE2Si O, and RE2Si 207 and
petwe gl M RETT ZRE! REMEI0P BePrie Tt hod of el ar o 2
wherein the silicon containing substrate is defined by
a silicon containing ceramc. 34, The netho

f clai
32. he methed of dlaien 31| whereiz 1R ehemicg! Samier ﬂsaﬁeﬂeg@défroarh the group
consisfiif P BsHY,, RE,Bi6L, UfcPRESS]O7 8 EBRivHAlIIN there! C

33  The method of claim 23, wherein the silicon containing substrate is defined by a

silicon containing ceramic.

34. The method of claim 23, wherein the silicon containing substrate is defined by a

reinforced silicon containing ceramic matrix.

35 The method of claim 23, wherein the silicon containing substrate is defined by a

silicon containing metal alloy.

36. The method of claim 23, wherein the silicon containing substrate is defined by a

carbon fiber reinforced silicon carbide matrix composite.

37. The method of claim 23, which further includes adhering the bond coat to the
substrate;
wherein said creating includes the introduction of at least one of an alkali metal

oxide and an alkali earth metal oxide into the silica scale;
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35 The nethod of claim 23, wherein the silicon

containing substrate is defined by a silicon
waeoewadsisng nmetal alloy. 36. The net hod of cl aP@T/RS2007/004355

wherein the silicon containing substrate is defined by

a carbon fiber reinforced silicon carbide matrix

conposite. 37. The nethod of claim 23, which further

i ncl udes adhering the bond coat to the substrate;

wherein said creating includes the introduction of at

| east one of an alkali netal oxide and an alkali earth

nmetal oxide into the silica scal e;which further

i ncl udes doping the bond coat with a dopant having a

advidrefurthgr éradl eded dawing tite hbn&’ocaatiwithsasdcb;tmn heQingt a comtent

greatepifaND D o] o8 4087 40 Vo 4. R A B ikl SIRl OXig onglkal
earth heﬁ.deqmé §f||§5®§§|§§& n%%math%' aw cont ai ni ng

strate coate ['T1te bo coat doped with
an at least one of an alkali nmetal and an alkali earth

tal, tp an enviro ment sui.tabl e f.or.grow a si|igca.

38, Rmpined edmpangoishbErng wilidth SonsBmimt Sbiiug cBatadin a
muII|te?t)c%)nd-'_cl?t‘f"at'&Tpaedmﬂ'lC af laRidBs88ne Wi adhIkall fe€dl dndcdridREli earth metal
hering the bond coat to the substrate; wherein the
to an eaiwnanmeni; suitabile fomgroaing: atséicacsnal @with\gapsdp dhel stmc;tgre of the

i % and which further includes introducing at | east
siiica s&ﬁ@ of alkali netal oxide and an alkali earth netal
oxide into the silica scale; 40. An apparatus

conpri si ng:
39. The method of claim 38, which further includes adhering the bond coat to the

substrate;
wherein the dopant is within a range between 0.0 wt. % and 10.0 wt. %; and
which further includes introducing at least one of alkali metal oxide and an alkali
earth metal oxide into the silica scale;

40. An apparatus comprising:
a silicon containing substrate having a surface; and
a mullite bond coat doped with an alkali material or an alkali earth material and

applied over at least a portion of said surface.

41. The apparatus of claim 40, wherein the alkali material is an alkali metal oxide

and the alkali earth material is an alkali earth metal oxide.

42. The apparatus of claim 40, wherein the content in the dopant in the bond coat is
more than zero wt. % and less than 10 wt. %.
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a silicon containing substrate having a surface; and a
mul lite bond coat doped with an alkali material or an
wa@bdoalopsieart h materi al and applied over at | eaBCT/E@S2007/004355
portion of said surface. 4 1. The apparatus of claim
40, wherein the alkali material is an alkali netal
oxide and the alkali earth material is an alkali earth
net al oxi de. 42. The apparatus of claim40, wherein
the content in the dopant in the bond coat is nore
than zero wt. % and less than 10 wt. % 43. The
apparatus of claim40, wherein the content in the
dopent in the bond coat is within the range of 0.1 wt.

43. THeoapparhtusf cldim 0ewhpreim Hieusordéntinghendé@entm thie bond coat is
a scale on at |least a portion

further include ili
within #e rangesefrd. dva: aﬁmg %in the silica scal e includes

gaps in the continuous netmork structure of the silica
scale. 45. The apparatus of claim44, wherein at |east
44. Ofree appaatusl dfadiaimmd0alhizki fdehemidcludealaksilica seale lonmattledst a

s intg the silica scale. 46. The apparatus of
port'orépfa#\ﬁg{?? aGkmeF8i n the bond coat is adhered to the
[rPh@ sil §<9ﬂ s iHdRE cBnli ﬁ@o&@ﬁéwerstrhe@re of the
bon Ecrgttfla'\‘t IY&% éé aag)%ar aﬁ}? Iof cl ai rln 40, wherein
silica sagte.coat is selected fromthe group consisting of

BSAS, H TiO, H 2, RE2Si G5, RE2Si 207, RE2QsS,
RE2C3- Zr 2, RE2C3- Hf @2, and conbi nati ons thereof. 48.

45. e appaapisist Qaintkai Whéksin Whiexidt bre lohan dikell Mees okide and an
chem cal barrier |ocated
alkali earth metal oxide pass into the silica scale.

46. The apparatus of claim 40, wherein the bond coat is adhered to the substrate;
which further includes a top coat over the bond coat.

47. The apparatus of claim 40, wherein the top coat is selected from the group
consisting of BSAS, HfTiO,4, HfO,, RE;SiOs, RE;Si;O7, RE203, RE203-ZrO2, REZO3-
HfO,, and combinations thereof.

48. The apparatus of claim 46, which further includes a chemical barrier located
between the top coat and the bond coat.

49. The apparatus of claim 48, wherein the chemical barrier is selected from the
group consisting of HfSiO4, RE>SiOs, and RE;Siz07 and combinations thereof.

50. The apparatus of claim 40, wherein the silicon containing substrate is selected
from the group consisting of silicon containing ceramic, reinforced silicon containing
ceramic matrix composites, silicon containing metal alloy and carbon fiber reinforced

silicon carbide matrix composite.
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between the top coat and the bond coat. 49. The
apparatus of claim48, wherein the chemcal barrier is
waedogovead2 from t he group consi sting of H Si O4, PREUKIQE)04355
and RE2Si 207 and conbi nati ons thereof. 50. The
apparatus of claim40, wherein the silicon containing
substrate is selected fromthe group consisting of
silicon containing ceramc, reinforced silicon
containing ceramc matrix conposites, silicon
contai ning netal alloy and carbon fiber reinforced
silicon carbide matrix conposite.5 1. The apparatus of
cl ai m 40, wherein the content in the dopant in the
bond coat is nDre than zero wt. % and less than 10 wt.
a sc on

1 e i A ARSRITE cortRet BihE d3PaRbingie Bond coatis
more tpﬁﬁlz\é th%pénq fés&'?l?ar?“?@tv@t””}@us network structure of

e silica sca whereln at | east one of an al kal i
mshieth fmhejendndieaa saiclaaacaleeam ahlaast al poartwrd of theesystasceed
si.lica wher ei coat, i s
WielocReidacaliy Bielies Bani N ahe AR R Fe Fetmindr stiugtuge of the
silica stcgpg coat over the bond coat; 52. An apparatus
conprl sing: a silicon containing substrate having a
heraineat laast epecohgivalkal metel wae Focaralkeli eaghaaetagoxide are

de other than BSAS applied over said
passe@ﬁrﬁﬁg@%gngé%cgﬁ'e apparatus of claimb52, wherein the
eeih theasohdoedaiés adhereddaw thegdubstsate; and

which further includes a top coat over the bond coat;

52. An apparatus comprising:

a silicon containing substrate having a surface; and

a composite mullite bond coat including a second phase oxide other than BSAS
applied over said surface.

53. The apparatus of claim 52, wherein the second phase oxide is a low modulus

oxide.

54.  The apparatus of claim 52, wherein the content of the second phase oxide is
within the range of 0 wt. % to 50 wt. %.

55. The apparatus of claim 52, wherein the content of the second phase oxide is
within the range of 1 wt. % to 30 wt. %.

56. The apparatus of claim 52,wherein the second phase oxide is selected from the
group consisting of oxides, doped oxides and oxide compounds of transition metals and
rare earth elements.
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oxi de. 54. The apparatus of claim52, wherein the
content of the second phase oxide is within the range

w@b000/09%152 % to 50 wt. % 55. The apparat us of BCHUR2082004355
wherein the content of the second phase oxide is
within the range of 1 wt. %to 30 wt. % 56. The
apparatus of claim52, wherein the second phase oxi de
is selected fromthe group consisting of oxides, doped
oxi des and oxi de conpounds of transition netals and
rare earth el enments.57. The apparatus of claim 52,
wherein the second phase oxide is selected fromthe
group consisting O Ta20b6 and Ta2Cb- cont ai ni ng oxi des,
[\l b20G6 and Nb2Cb- cont ai ni ng oxi des, VO2 and VO

57. %@Q%Q% @%lhggénwﬁér%ﬁﬂ&ﬂ wt al an% is selected from the

group %oﬁ@@h@zer mszeéaf#@srazogrcenwuha o%ééembgogehudumsmammg

and raré earth oxTde-contalning oxid
oxides(, IM&24 anti H@zfmlemgt oxides,i i@ apy, TiRzeontaiming meeﬁmzc@z and

.conmbi nat i t he
200+ G GREAAIA R0 A Bbiod i oRUBS, s Bk ncuaing
sCzosca‘ndaNﬂ2 laaidlraf’ebahhw:féeceﬂd.m akilsas ineridi I@é@arth silicates),
, oxi d . The apparatus of claim58, which Turther
NZP famdy delassamd cambirwtionndheregf.gaps in the continuous
network structure of the silica scale. 60. The
apparatus of claimb52, wherein the bond coat is

58. aﬂ‘f@é saratus tciainb SR wherei® tHe bdhé caarierddiped with at @ast one of
ich further jncludes form ng a second bond coat

an alkB%ﬂWéhO’f'ﬁ%aﬁgk%’tfrllhﬁkaeéﬁﬁ metal O¥AS. coat, wherein the
second bond coat is sel ected

59. The apparatus of claim 58, which further includes a silica scale having gaps in
the continuous network structure of the silica scale.

60. The apparatus of claim 52, wherein the bond coat is adhered to the substrate.

61. The apparatus of claim 52, which further includes forming a second bond coat
between the substrate and the bond coat, wherein the second bond coat is selected

from the group consisting of silicon, metal silicides and combinations thereof.
62. The apparatus of claim 52, which further includes a top coat over said bond coat.

63 The apparatus of claim 62, wherein the top coat is selected from the group
consisting of BSAS, HfTiO4, HfO;, RE;SiOs, RE;Si;07, RE;03, REZ;03-ZrO2, RE203-
HfO,, and combinations thereof.

64. The apparatus of claim 52, which further includes applying a chemical barrier
between the top coat and the bond coat.
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fromthe group consisting of silicon, netal suicides
and conbi nati ons thereof. 62. The apparatus of claim
w®2007mbs16h further includes a top coat over saPdr/bsrd7/004355
coat. 63 The apparatus of claim 62, wherein the top
coat is selected fromthe group consisting of BSAS,
Hf Ti 04, Hf O2, RE2Si b, RE2Si 207, RE2(3, RE2(B-Zr 2,
RE2O3- Hf 2, and conbi nations thereof. 64. The
apparatus of claim52, which further includes applying
a chem cal barrier between the top coat and the bond
coat. 65. The apparatus of claim 64, wherein the
chem cal barrier is selected fromthe group consisting
of HHSiO, RE2Si Gs, and RE Si C and conbi nati ons

er eof The ar.at us wherein .t
65.  JDRMRPSAIISO! RIATDI Al W EReNe AT SR AT Bireldhtefgom the
e flePé
group Ao D, TRE) %‘S’éoﬁ?ﬁp S e RmbRRto epedt
range of 1 w. %to 30 wt. % 67. An apparatus
conprising: a silicon containing substrate having a
surface; and a conposite nullite bond coat applied

66. %@rap‘b@rauwffc@m 52 alKeraftheaid emhyaunsre@ tpaReRdbstrate;
phase oxi de and doped with an alkali material or an

aihich further includasea tep cogioverisaichppad aoak agf any of

R £8:Rhient TR Seddifs ARRY BLME 4 SR rEHORIFS wt. % to

30 wt. ®klerein the gas turbine engi ne conponent is

67. An apparatus comprising:

a silicon containing substrate having a surface; and

a composite mullite bond coat applied over said surface, said bond coat
including a second phase oxide and doped with an alkali material or an alkali earth

material.

68. The apparatus of any of claims 40-67, wherein the apparatus is a gas turbine

engine component.

69. The apparatus of claim 68, wherein the gas turbine engine component is

selected from the group consisting of a combustor liner, blade, vane and blade track.

70.  An apparatus comprising:

a silicon containing substrate having a surface; and

a composite mullite bond coat including BSAS and another distinct second
phase oxide applied over said surface.
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selected fromthe group consisting of a conmbustor
l'iner, blade, vane and bl ade track. 70. An apparatus
W@ owp0pEsNg: a silicon containing substrate haRCTGSH07/004355

surface; and a conposite mullite bond coat including

BSAS and anot her distinct second phase oxide applied

over said surface.7 1. The apparatus of claim 70,

wherei n the anot her second phase oxide is sel ected

fromthe group consisting of oxides, doped oxides and

oxi de conpounds of transition netals and rare earth

el ements. 72. The apparatus of claim7 1, wherein the

anot her second phase oxide is selected fromthe group
71. dhesapddratusadf clagOb0 anmberéa?thesaratheasedaony phastesxide is selected

ND2G5 and ND2C6-, cont ai ni ng oxj des, VO, and V. "
from the GRMPAANSIING,A! dBLeST ABP B PR HEBATSHPXF A A RBHds of ransition

r 7 tai ni ng oxides, H U 2 and

metalsﬁrgz?agg%#n%rg\eg\%des’ rare earth oxides (including

SC2A8 and Y2(B) and rare earth oxi de-containi ng oxi des

72 IR SRR AR hbrebrelr e HHrngl i e b f§ setected

from tH groUpesdHsistindeofort, eart Ta,DLergining Hxidés | RBsDs AMEND,Os-
of "an al kal i nmetal oxide and an alkall earth netal _

containixgduxidess VOand ¥ parcani@intig @iidesnT70; and el Qrsontaining ides,

C {s.d R | i .
210, iy e R habte Jyios ¥hsEHiGbo Bl B85, 4R fHn oxides
(includify SebDSand W,ORpaNd Revelsteth exitieronrAhing\uXidea(intlbding rare earth
_coat. 76. The apparatus of claim 75, erein the top
silicatesy aNZPJfagily seramiasy anf cretinatignsdbaegaft i ng of BSAS,
Hf Ti O 4, Hf O 2, RE2Si 5, RE2Si 207, RE2(3, RE2(3-Zr O 2,
RE2(O3-
73. The apparatus of claim 70, wherein the bond coat is doped with at least one of

an alkali metal oxide and an alkali earth metal oxide.

74. The apparatus of claim 70, wherein the bond coat is doped with both an alkali

metal oxide and an alkali earth metal oxide.
75. The apparatus of claim 70, which further includes a top coat over said bond coat.

76. The apparatus of claim 75, wherein the top coat is selected from the group
consisting of BSAS, HfTiO,, HfO,, RE;SiOs, RE;Si;07, RE203, RE;03-ZrO2, RE203-
HfO,, and combinations thereof.

77. The apparatus of claim 75, which further includes applying a chemical barrier
between the top coat and the bond coat.

78. The apparatus of claim 77, wherein the chemical barrier is selected from the
group consisting of HfSiO4, RE;SiOs, and RE;Si;0; and combinations thereof.
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Hf O, and conbi nations thereof. 77. The apparatus of
claim75, which further includes applying a chem ca
wharoiogsisbet ween the top coat and the bond coaPCT/¥82007/004355
The apparatus of claim 77, wherein the chem ca
barrier is selected fromthe group consisting of H Si O
4, RE2SIi O, and RE2Si Or7 and conbi nations thereof.79.
An apparatus conprising: a substrate having a surface;
and a conposite nullite bond coat including BSAS and
anot her distinct second phase oxi de applied over said
surface. 80. The apparatus of claim79, wherein the
bond coat is doped with at | east one of an al kal
nmetal oxide and an alkali earth netal oxide. 8 1 . The

%)ri)ar at ui“ of claim79, wherein the bond coat is doped
APRRIUSFORPRSING: net al oxi de and an al kali earth

u’ﬁL t%ﬂ%vmgza sUfSc@ RN at us of claim 79, which

I ncludes a top coat over said bond coat. 83.
‘Eheorappatmmu&htefooou auoat #zjudihg: BEAS anhd anopher shistinct second

ct ed om t he consi sting of BSAS, Hf Ti 4,
Phaserﬁ? , ?§ %y%@ﬁe RE2(3, RE2(B-Zr 2, RE2(CB-
Hf 2, and conbl nations thereof. 84. The apparatus of

claim 82, which further includes applying a chem cal
80. bEhe apparbtusefetiainh@d: wheteimtheabond heabissiopedavith aeast one of

an aigliFetBRd BB dn A PR Rl consisting o Hisio

, RE2Si Gs, and RE2Si 207 and conbi nati ons t hereof.

79.

81. The apparatus of claim 79, wherein the bond coat is doped with both an alkali

metal oxide and an alkali earth metal oxide.

82. The apparatus of claim 79, which further includes a top coat over said bond coat.
83. The apparatus of claim 82, wherein the top coat is selected from the group
consisting of BSAS, HfTiO4, HfO,, RE2SiOs, RE;Si>,07, RE203, RE203-ZrO2, RE203-

HfO,, and combinations thereof.

84. The apparatus of claim 82, which further includes applying a chemical barrier
between the top coat and the bond coat.

85. The apparatus of claim 84, wherein the chemical barrier is selected from the
group consisting of HfSiO4, RE;SiOs, and RE;Si;07 and combinations thereof.

86. An apparatus comprising:
a substrate having a surface; and
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86. An apparatus conprising: a substrate having a
surface; anda conposite nmullite bond coat applied over
W@ a00d/09816% ace, sai d bond coat including a secopdI/pRES®B004355
oxi de and doped with an al kali material or an al kal i
earth material. 87. An apparatus conprising: a
substrate having a surface; and a nullite bond coat
doped with an alkali material or an alkali earth
mat eri al and applied over at |east a portion of said
surface. 88. An apparatus conprising: a substrate
having a surface; and a conposite nullite bond coat
i ncludi ng a second phase oxi de other than BSAS applied
@veompaesite sutliteibend 88at é’pnlimbmmraadttsmﬁaw;saw bohdicast

inolud R EcBRGar R e 830 Klopes W11 A RelERteTahaY of Al earth

materlé ss than 20 nol % 90. The apparatus of any of clains
, 63, 76 and 83, wherein the content of RE G in
RE2(O3- ZrOZ and RE2O3-H O 2 is within the range of 4
%%- mol % .9 1. The apparatus of any of clains
PP GRAPE$RIhond coat further includes silicon.

a substrate having a surface; and
a mullite bond coat doped with an alkali material or an alkali earth material and

applied over at least a portion of said surface.

88. An apparatus comprising:

a substrate having a surface; and

a composite mullite bond coat including a second phase oxide other than BSAS
applied over said surface.

89. The apparatus of any of claims 47, 63, 76and 83, wherein the content of RE203

in RE;05-Zr0O; and RE,O3-HfO, is more than 1 mol% and less than 20 mol%.

80. The apparatus of any of claims 47, 63, 76 and 83, wherein the content of RE2O03

in RE203-Zr0O, and RE;05-HfO; is within the range of 4 mol% - 10 mol%.

91. The apparatus of any of claims 40-90, wherein the bond coat further includes

silicon.
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