CVAS RESI STANT THERMAL BARRI ER COATI NG BACKGROUND OF THE | NVENTION (1) Field
of the Invention [0001] The present invention relates to a thermal barrier
coating having alternating |ayers of yttria-stabilized zirconia and a nolten
silicate resistant |ayer which can be applied to a turbine engine conponent,
to a nethod for formng the coating, and to a turbine engine conponent
having the coating. (2) Prior Art [0002] The degradation of turbine airfoils
due to sand related distress of thermal barrier coatings is a significant
concern wth all turOMA® RRYIIBANTSEHERMALA BARREER €ORIIgAment. This type of
di stress can cause engines to be taken out of operation for significant
repairs. [0003] Sand related distress is caused by the penetration of fluid

sand deposits into the themmkcraunpeorcoati ngsendieh | eads to spallation
and accel erat ed oxi dation of any exposed netal. SUMVARY OF THE | NVENTI ON
[0004] | Alhckirhritle Bhie HMs8@ HiP8sent invention, there is provided a coating

system e g eFHecs, 80l T Bl Sl SIJIEAR O, LULRLRRENGRIR COTPONENT S, The

coating system broadly conpri ses ternating | ayers of yttria-stabilized
zi rconi acemding foltigw adilaroatté ngedeyeant oy et T bd - s f 4005 zdelraireoniia
accordance W th the present invention turbi ne engi ne conponent is
providedaﬂ%i%ﬁp?ﬁEﬁﬁﬂigiﬁﬁﬁ&% ggglétant ?ayer whlgﬁ cé%rke aﬂgiledqto a

turbine engine component, to a method for forming the coating,

and to a turbine engine component having the coating.

{2} Prior Art

[0002] The degradation of turbine airfoils due to sand related
distress of thermal barrier coatings is a significant concern
with all turbine engines used in a desert environment. This type
of distress can cause engines to be taken out of operation for
significant repairs.

[0003] Sand related distress is caused by the penetration of
fluid sand deposits into the thermal barrier coatings which
leads to spallation and accelerated oxidation of any exposed

metal.

SUMMARY OF THE INVENTION
[0004] In accordance with the present invention, there is
provided a coating system which reduces sand related distress on
turbine engine components. The coating system broadly comprises
alternating layers of yttria-stabilized zirconia and a molten
silicate resistant material.
[0005] Further in accordance with the present invention, a
turbine engine component is provided which broadly comprises a
substrate and alternating layers of yttria-stabilized zirconia
and a molten silicate resistant material. Each layer of molten

silicate resistant material may be formed from an oxide of a
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substrate and alternating layers of yttria-stabilized zirconia and a nolten
silicate resistant material. Each |ayer of nolten silicate resistant
material may be formed froman oxide of a 1 material selected fromthe group
consisting of |anthanum cerium praseodym um neodym um pronethi um
samarium europium gadolinium terbium dysprosium holmum erbium
thulium ytterbium lutetium scandium indium zirconium hafnium and
titaniumor alternatively from gadolinia-stabilized zirconia. [0006] Still
further hatecicar derlee ted Hriohe theegebtpi owest $ 0ing aof Meddwthdut, form ng a

coating systemwhich redyces sand related distress is provided. The nethod
broadly © Wp?ri"séjsraﬁ‘?é’déﬁnﬁ'ﬂ)@'of“eogﬁ’%ilﬁi n@r@“%%%tﬂl?'at%a}m%e‘ﬁﬁ%i tS9t§Paer nat i ng

| ayers ofadol i fun,atsrdlidn, 266 spirbe0hd ABLEIhR) &sh an Molthen &, i cate
resistant material onto the substrate. [0007] O her details of the CVAS
resi st anf LR i, partatdum,csganAgues {hdipresehtcomvamt itfnias,wenkd as ot her

obj ect's andy, adyant ages. aLtandagt (A 0er 80, A £ S8Lad o7 HILd 1 A fial | owi ng
detai |l ed description and the acconmpanyrng draw ng erein 17 Ke reference
nuner al sfeePét Skiké Efheneat sin BRlddr BESERWRTHhONhEF pTEE: DRAVHINGS: {0008 FI G

1 is a sch rrczpaéi representation of a turbine engine conponent with the
Coati ng BTOtHE TCSERI T EnEook "nd Y F OBBOT" T TSI S b raLas =
repr eseng ad 88k 91 A grliReR) . entieN e tEOAPERSAN 1 W ¢ dngi S 4 eratdrep sCeat i ng
systemin accordance with the present invention.
providing a substrate, depositing alternating layers of a
yttria-stabilized zirconia material and a molten silicate
resistant material onto the substrate.
[0007} Other details of the CMAS resistant thermal barrier
coating of the present invention, as well as other objects and
advantages attendant thereto, are set forth in the following

detailed description and the accompanying drawing wherein like

reference numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a schematic representation of a turbine engine
component with the coating of the present invention; and
[0009] FIG. 2 is a schematic representation of a turbine engine
component with an alternative coating system in accordance with

the present invention.

DETAILED DESCRIPTICN OF THE PREFERRED EMBODIMENT (S)
[0010} It has been discovered that certain coatings react with
fluid sand deposits and a reaction product forms that inhibits
fluid sand penetration into the coating. The reaction product
has been identified as being a silicate oxyapatite/garnet
containing primarily gadolinia, calcia, zirconia, and silica.

The present invention relates to a coating system for a



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) [0010] It has been

di scovered that certain coatings react with fluid sand deposits and a
reaction product forns that inhibits fluid sand penetration into the
coating. The reaction product has been identified as being a silicate
oxyapatite/garnet containing primarily gadolinia, calcia, zirconia, and
silica. The present invention relates to a coating systemfor a 2 conponent,
such as a turbine engi ne conponent, which takes advantage of this discovery.
[0011] In accordance with the present invention, referring now to FIG 1

t he coat togpraysiemsi8lofad ke thrédert engveat conponeact udesi @l terkeat i ng | ayers

of a yttgia-stabilg%qg}zir onia and a nolten silicate resistant material. In
order t o®fBFRTIHe Chddtih S\rVéhY18, a first layer 10 of yttria-stabilized

zirconi afosiBpplihedctoraasdefacen 1ghofp e safstindted t1dn, Seeheasiag L4y bi ne
engi ne conponent_including, but not limted to, a blade or a vane. The
subst r at BC 18 ¢yl be-FD NG mvaTeTshft @bl Bhe np¥eyent kuvdntEem ni ckel based

superal | 8Y+184 §ﬂ5ﬂ€e§%§%¥%g ng%%s %fn9|g¥99§€g§%£ﬁﬁigkéﬁl Yoo i 2 gt ani um

based alloy. The yttria-stabilized zirconia er may be applied by, for
exanpl e, a ehektenrs beam physisdalt anapoe tdepesi t Innof&B: PMD)f@m dilre  pl asma

21T coni aCPAGEH 10V SR v & Bt s TRGETI P Toart 1) A eui A AR hn ques. -

slurry techebgues.s Spgltierd n® af echiagues2 ehedi s@bsvoPes VEPQRIdH QB a

t echni ques, and UV curabl e .
turbine engine component including, but not limited to, a blade
cr a vane. The substrate 14 may be formed from any suitable
material such as a nickel based superalloy, a cobalt based
alloy, a moldybdenum based alloy, or a titanium based alloy. The
yttria-stabilized zirconia layer 10 may be applied by, for
example, electron beam physical vapor deposition (EB-PVD) or air
plasma spray. Other methods which can be used to deposit the
yttria stabilized zirconia layer 10 includes, but is not limited
to, sol-gel techniques, slurry techniques, sputtering
techniques, chemical vapor deposition techniques, and UV curable
resin techniques. The yttria-stabilized zirconia layer will
improve the erosion resistance of the system.
[0012] A preferred process for performing the depositicon of the
yttria-stabilized zirconia layer 10 is EB-PVD. When performing
this process, the substrate 14 is placed in a coating chamber
and heated to a temperature in the range of from 1700 to 2000
degrees Fahrenheit. The coating chamber may be maintained at a
pressure in the range of from 0.1 to 1.0 millitorr. The
feedstock feed rate may be from 0.2 to 1.5 inches/hour. The
coating time may be in the range of from 20 to 120 minutes.
[0013]1 The deposited yttria-stabilized zirconia layer 10 may
have a thickness of from 0.5 to 50 mils, preferably from 1.0 to
5.0 mils. The deposited layer 10 may have a yttria content in

the range of from 4.0 to 25 wt%, preferably from 6.0 to 9.0 wt%.
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resin techniques. The yttria-stabilized zirconia layer will inprove the
erosion resistance of the system [0012] A preferred process for performng
the deposition of the yttria-stabilized zirconia |ayer 10 is EB-PVD. Wen
performng this process, the substrate 14 is placed in a coating chanber

and heated to a tenperature in the range of from 1700 to 2000 degrees
Fahrenheit. The coating chanber may be nmintained at a pressure in the range
of from0.1to 1.0 mllitorr. The feedstock feed rate nay be from0.2 to 1.5
i nches/ hour. The <coating tinme nay be in the range of from20 to 120 m nutes.
[ 0013] Tﬁbedéppebieddylayém.Bﬁamhlkz&@iskrodnyatkayein16heagmo@mwexﬁ

t hi cknes f fr to,5Q ml referably from1l.0 to . The
depositeg ﬁ 8rggbwﬂﬁya% v ‘%IV55FF§ @&ﬁF@Hﬁ ?ntﬂem?ﬁﬁg%r%ge??%i14 0to 25
W % pretapablfeht pMibe Qdmo St Mm%y e memd@p@@hb@gltl ay eyt dPi sreyn cansi st of
yttria in the ampunt of 4.0 to 25 wt % and the bal ance zirconia. In a nore

pr ef er r ed™CBRboEI nen? , £ h- Yepdsited 1sapad thenkylabAsi 3treenidtria in the
amount Of 619]“?\ 3 \Mhoo thE5g- @E'gb%ffz%een nziarcl c?% 10 91%154135%‘“ er the

yttria- stabll 2|rcon| l'ayer p05|t a | ayer f or med
froma ndbpealseﬁ;caibayeﬁlzﬂeﬁurmmwu&mmab mey tbe ﬁmlnedtevawsi$mﬁdayer 10.
The | ayer on1at

0 may Ieaﬁt gne . oxi of a material .selected
fron1themag?5ﬁﬁ c%%§|§?|$§}mﬁ | Bt h i Fm a@@Fl&ﬁT g§35i83§ﬁ1%§f“ﬂ%353n1un1
pronet hi garmeanBrbdMmt ELEOPE Whe gadeld RIFUR mheebidMm sdysptosi grm thad m um
erbium thulium vytterbiu | utetium scandium indium

group consisting of lanthanum, cerium, praseodymium, neodymium,
promethium, samarium, europium, gadolinium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium, lutetium, scandium, indium,
zirconium, hafnium, and titanium. Alternatively, the layer 20
may be formed from a gadeolinia-stabilized zirconia. The
material (s) forming the layer 20 may be deposited using any of
the deposition techniques mentioned hereinbefore. When the layer
20 is formed from a gadolinia stabilized zirconia, the layer 20
may contain from 25 to 99.9 wt$% gadolinia and may have a
thickness in the range of from 0.5 to 50 mils. In a preferred
embodiment, gadolinia is present in an amount from 40 to 70 wt%
and/or the layer 20 has a thickness in the range of from 1.0 to
5.0 mils. If desired, the layer 20 may be formed from a material
consisting of from 25 to 29.9 wt% gadolinia and the balance
zirconia. Still further, if desired, the layer 20 may be formed
from a material consisting of from 40 to 70 wt% gadolinia and
the balance zirconia.

[0015] After the layer 20 has been deposited on the layer 10, a
second layer 22 of yttria-stabilized zirconia may be applied
over the layer 20. The yttria-stabilized zirconia layer 22 may
have any of the compositions discussed above and may be
deposited using any of the techniques described herein.
Thereafter, a second layer 24 of molten silicate resistant

material is deposited over the yttria-stabilized zirconia. The
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zirconium hafnium and titanium Alternatively, the layer 20 my be forned
froma gadolinia-stabilized zirconia. The material(s) formng the |ayer 20
may be deposited using any of the deposition techni ques nentioned

her ei nbefore. Wen the layer 20 is fornmed froma gadolinia stabilized
zirconia, the layer 20 may contain from25 to 99.9 wt % gadol i nia and may
have a thickness in the range of from0.5 to 50 mls. In a preferred

enbodi ment, gadolinia is present in an amount from40 to 70 wt% and/or the

| ayer 20 na®ea bl ckpess oh {beriangeawifl frcmzir@ohea 2n8 & he1tdh desired,
the layer 20 may be fornmed froma material con5|st|iga,of from25 to 99.9 W%
gadol i ni él&ﬁ&altﬁerﬁélléﬁéﬁt BRrebhth. wisth Mamurfieer 2PPfigasiPBdtOt he | ayer 20

may be foQiadcakhem. arABt £hkist r COPSI SfdNg if o FM4Q oho o €0 inia and
t he bal angemszcém a. [0015] After taﬁ}e | ayer Zf%hgs lgeercl) dg}é%soittge é)4(:)n t he

| ayer 10 tTHCk%@@mﬂolfai}bﬁ QQabing'tanrd abest dliel |ap@dlz:|art@0n| a may be appli ed
over the I ARSI erstc%gltl |nzegl z élgon |2, Iayer JT8, %Tle any of
t he corrpo[5| t Ans chcusse bdvé “and ﬁayy?)e depo% ?epdr%sﬁnng l%vfn “he

t echni quesmydeser hbed hedefined Thetesfd®s beaweecontel gyerid4sehbimlien
silicate resistant material is deposited over the yttria-stabilized

zi r coni a. 2 FRON4 2ndABEF S of " alR® MR SA 1T ld-CottapitriSisd aBitr B8RhFALAAd a nol ten

silicategeirst aRtnBBt ethal 1M dts VLY H10Mm aRRldeatl g Tf%rmanl;kgéié% The
nunber of layers is a function of the target "thickness for thé coating and

for the d&moin yatiréa-stabilized zirconia rich to a gadolinia stabilized
rich.
[0017] While a thickness has been provided above for each layer,
it should be recognized that the layers of each material do not
need to have the same thickness throughout the coating.
[0018] The layers of molten silicate resistant material of the
present invention will react with molten sand deposits and form
a barrier phase of oxyapatite and/or garnet to resist further
penetration. The gadolinia-stabilized zirconia layer 20 will
have sufficient thickness to form the desired barrier phase.
[0019] The coating system of the present invention is an
advantageous thermal barrier coating system that resists the
penetration of meolten silicate material. The coating system
provides enhanced durability in environments where sand induced
distress of turbine airfoils occurs.
[0020] Referring now to FIG. 2, if desired, a metallic bond coat
30 may be deposited onto the substrate 14 to bond the substrate
14 to the first layer 10 of the yttria-stabilized zirconia
material. The metallic bond coat 30 may be a MCrAlY bond coat
where M is at least one of nickel, cocbalt, and iron.
Alternatively, the metallic bond coat 30 may be an aluminide or
platinum‘aluminide bond coat. The bond coat 30 may have a
thickness in the range of from about 0.5 to 20 mils, preferably

from about 0.5 to 10 mils. The bond coat 30 may be deposited by
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[0016] The nulti-layer coating systemof the present invention my not have
a defined interface between the yttria-stabilized =zirconia |layers and the
nolten silicate resistant material |ayer. Rather, the layers nmay bl end
together to forma gradient fromyttria-stabilized zirconia rich to a
gadolinia stabilized rich. [0017] While a thickness has been provi ded above
for each layer, it should be recognized that the |ayers of each material do
not need to have the sane thickness throughout the coating. [0018] The

| ayers of I tparessidriccatl@smasksprant Heoer (led glofvd e iy essifen mventioa wl |
react wth nolten sand deposits and form a barrier phase _of oxyapatite

and/ or gD FLESPILEESr hér 1 pEREL PRLRTREE Sthre &fadol’ rﬂlé-sg‘PaEPEF‘i’ed

zi rconi gyt yeys , 2Q Ml bp1ahayg pubbeskenistid cknes i audywrdRddee sdesiikad barrier
phase. T0019] The coating systemof the present invention is an

advant agedusarardedlf Barmilag eodenpg sysiem theitarlelyl sttorudigirepenet rati on of
nolten silicate material. The coating system provides enhanced durability in
envi ronnments where sand i nduced distress of turbine airfoils occurs. [0020]
Referring nowto FIG 2, if desired, a netallic bond coat 30 may be
deposited onto the substrate 14 to bond the substrate 14 to the first |ayer
10 of the yttria-stabilized zirconia material. The netallic bond coat 30 may
be a MCrAl'Y bond coat where Mis at |east one of nickel, cobalt, and iron.
Alternatively, the netallic bond coat 30 nay be an alum nide or platinum

al um ni de bond coat. The bond coat 30 nmay have a



thickness in the range of fromabout 0.5 to 20 mls, preferably from about
0.5to 10 mls. The bond coat 30 may be deposited by 5 a | ow pressure pl asna
spray, HVOF (high velocity oxygen fuel), a cathodic arc process, a diffusion
process,. an air plasma spray process, or a plating process, as well as by
any process which is capable of formng a dense uniformnetallic structure.
6 WHAT IS CLAIMED IS: 1. A turbine engine conponent conprising: a substrate;
and a thermal barrier coating systemconprising alternating |ayers of a
yttria-swahtrl rgedL.EIMEDNI®: material and a nolten silicate resistant materi al
applied over said substrate. 2. The turbine engi ne conponent according to
claim1, wherein said nolten silicate resistant nmaterial conprises at |east

one oxide of parfpbend an B ELSbIIND IRRpIEAYRgcONSi sting of | ant hanum
cerium praseodym um neodym um pronethium safarium europi um gadolinium
terbium dysprosium holmum erbium thulium ytterbium lutetium

scandi um indgugﬁbsg%éggniégg haf nium and titanium 3. The turbine engine
conponent according to claim1, wherein the nolten silicate resistant
material conprises a gadolinia stabilized zirconia. 4. The turbine engine

conponent according to claim3, wherein said gadolinia stabilized zirconia
consi sts of f?oﬁ??gm?% Rpjryier coating system cOmprising alternating

layers of a yttria-stabilized zirconia material and a molten

silicate resistant material applied over said substrate.

2. The turbine engine component according to claim 1, wherein
said molten silicate resistant material comprises at least one
oxide of a material selected from the group consisting of
lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium, scandium, indium,

zirconium, hafnium, and titanium.

3. The turbine engine component according to claim 1, wherein
the molten silicate resistant material comprises a gadolinia

stabilized zirconia.

4. The turbine engine component according to claim 3, wherein
said gadolinia stabilized zirconia consists of from 25 to 99.9

wt% gadolinia and the balance zirconia.

5. The turbine engine component according to claim 1, wherein
each said layer of a molten silicate resistant material has a

thickness in the range of from 0.5 to 50 mils.



wt % gadol i ni @ and the bal ance zirconia. 5. The turbine engi ne conponent
according to claiml1l, wherein each said |layer of a nolten silicate resistant
material has a thickness in the range of fromO0.5 to 50 mls. 7 6. The

turbi ne engi ne conponent according to claim1, wherein at |east one |ayer of
said yttria-stabilized zirconia consists of from4.0 to 25 wt%yttria and
the bal ance zirconia. 7. The turbine engine conmponent according to claim1l,
wherein at |east one |ayer of said yttria-stabilized zirconia coating
consists of from6.0 to 9.0 w% yttria and the balance zirconia. 8. The

tur bi ne @ngive tworpore kngdoeocdnpgneot chacordinghes ezIreinedch wairetin at

yttrlasablllzed zirconi,a | ayer has a ne therane.of from1.0 to
50 nils. fﬁa STHEG UrbiSte gag'):’ gSﬁﬁbﬁeﬁ{:hk%tb?%‘?n@“E%orHaalcrﬂ 15kFePéin  said
substraterds £ ned Ay erbsa yrktrehi ahdsehechethhéom 1 hengir-oup consi sti ng of a

ni ckel based alloy, a cobalt based alloy, and a nolybdenum based alloy. 10.
The turbi ne engine conponent according to claim1, further conprising a

retal | o7 bond, a0aty et Ween 3adusubshiabecandi sai & dhal, balkis geating.

11. A thermal barrier codting systemconprising. a ayer o
yttria-stebdt el lAavegomifa; saadf Mtsnflhayernbullaedrmztmprsﬁa icc:aattanmem st ant

mat eri al de 05|t ver | rst layer, of ytt sta ilized .zirconia, a
second I%%? eftd ﬁoonbt%@l oz 8 d62| &60#5 " Hepds | te blance zirconia.

8. The turbine engine component according to claim 1, wherein
each said yttria-stabilized zirconia layer has a thickness in

the range of from 1.0 to 50 mils.

9, The turbine engine component according to claim 1, wherein
said substrate is formed from a material selected from the group
consisting of a nickel based alloy, a cobalt based alloy, and a

molybdenum based alloy.

10. The turbine engine component according to claim 1, further
comprising a metallic bond coat between said substrate and said
thermal barrier coating.

11. A thermal barrier coating system comprising:

a first layer of yttria-stabilized zirconia;

a first layer of a molten silicate resistant material

deposited over said first layer of yttria-stabilized zirconia;

a second layer of yttria-stabilized zirconia deposited over

said first layer of said molten silicate resistant material; and



said first layer of said nolten silicate resistant material; and 8 a
second | ayer of nolten silicate resistant material deposited over said
second | ayer of said yttria-stabilized material. 12. The thernmal barrier
coating systemof claim1l, further conprising at |east one additional

| ayer of yttria-stabilized =zirconia and at |east one additional |ayer of
said nolten silicate resistant material. 13. The thermal barrier coating
system of claim1ll, wherein said nolten silicate resistant nmateri al

consi sts of atskeasll Dager oxf deoferd JMtiRJAtRl reelieehad freBYihEe group
consi sting of | anthanum ceriu praseodym umy neodym um _ pronet hi um
samar i ufEPEGLEpAURY e Gadivt ¢ nFFR™Y erBUmP f§6po§ﬁﬁﬁﬂaﬁéFg%aEize%rbiun]

t hul i umpyieteghi um lutetium scandium indium  zirconium hafnium and
titanium 14. The thermal barrier coating systemaccording to claim11,
wherein the nolten silicate resistant material consists of a gadolinia

stabilized zirconia , e thermal barrier coating system.according to
claim 142 e Sk Puat PARAETT i G PISET ST COMTE LanoPRrERet fom 25
to 99. 9 asrgadabi atalaadt t bee baddincieor Ir daRiea. oF6ytTheatbeapnlibadiri er

coating systen1according to claim14,  wherein said gadolinia stabilized
zi r coni #1E6RELSt &ndf aFr %R0 o I MR gdddrvairacandatfe™Bal &hce zirconi a.
17. The ihermml bakkkeLn€0atidgi siystem according to claim 11,

13. The thermal barrier coating system of claim 11, wherein said
molten silicate resistant material consists of at least one
oxide of a material selected from the group consisting of
lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium, scandium, indium,

zirconium, hafnium, and titanium.

14. The thermal barrier coating system according to claim 11,
wherein the molten silicate resistant material consists of a

gadolinia stabilized zirconia.

15. The thermal barrier coating system according to claim 14,
wherein said gadolinia stabilized zirconia consists of from 25

to 99.9 wt% gadolinia and the balance zirconia.

16. The thermal barrier coating system according to claim 14,
wherein said gadolinia stabilized zirconia consists of from 40

to 70 wt3% gadolinia and the balance zirconia.

17. The thermal barrier coating system according to claim 11,
wherein each said layer of molten silicate resistant material

has a thickness in the range of from 0.5 to 50 mils.
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wherein each said |layer of nolten silicate resistant material has a

t hi ckness in the range of fromO0.5 to 50 mls. 9 18. The thermal barrier
coating systemaccording to claim1ll, wherein at |east one |ayer of said
yttria-stabilized zirconia consists of from4.0 to 25 wt% yttria and the
bal ance zirconia. 19. The thermal barrier coating systemaccording to
claim1l, wherein at |east one |ayer of said yttria-stabilized zirconia
consists of from6.0 to 9.0 wt%yttria and the bal ance zirconia. 20. The
t her mal Sar Frer thearahgeaysiem eraoindl iy sterckaicarding whecbaimebth said

| ayer o Lazstaplliz zj i gk b E e . of from
0L o e e P e I D s e S anat St b SRSt 1 on
agai nst cosandtsebat domi 4610 elss ToOnprd sitntgithensit ¢éps bhlapeevidrognia.
substrate; formng a thermal barrier coating system by depositing
alternating |ayers of a yttria-stabilized zirconia material and a nolten

silicateoreghst aRbrfAl ebdati®n dder SPHsdled ad2ordhggmebhedaagcprding to
claim 21, wherein said step of depositing alternating |ayers conprises
deposi t MigTginaphr lersh ompl tavesiqs cald ﬂésfrirétaaﬁﬁ:aﬁﬁgé??ﬁl Z2EgBPRM5 i ng of
at 'eas%o%gﬁstgxbgef9£maeP@1€6'@Jo%ﬁ¥e§&%41%r%%ht@ﬁe95899n88”§1§$6£¥hfﬁ

| ant hanum cerium praseodym um  neodyrmi um promethrum  sanarium
europi um gadolinium terbium dysprosium holmum erbium thulium

ytterbiyp hytetum, poandiun Loadium o alrgonium ghatnium, and £ tani um
wherein each said layer of yttria-stabilized zirconia has a

thickness in the range of from 0.5 to 50 mils.

21. A method for providing a component with protection against

sand related distress comprising the steps of:
providing a substrate;

forming a thermal barrier coating system by depositing
alternating layers of a yttria-stabilized zirconia material and

a molten silicate resistant material on the substrate.

22. The method according to claim 21, wherein said step of
depositing alternating layers comprises depositing a layer of a
molten silicate resistant material consisting of at least one
oxide of a material selected from the group consisting of
lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium, scandium, indium,

zirconium, hafnium, and titanium.

10



10 23. The nethod according to claim21, wherein said step of depositing
alternating |layers conprises depositing at | east one |ayer of gadolinia
stabilized zirconia. 24. The method according to claim 23, wherein said
gadolinia stabilized zirconia depositing step conprises depositing a
material consisting of from25 to 99.9 w % gadolinia and the bal ance
zirconia. 25. The nethod according to claim 23, wherein said gadolinia
stabilized zirconia depositing step conprises depositing a nateri al

consi sti ag.ofhéreat 4ed t oo ddr dntrdd gadcd]jariim2ar,1dwhlaEe1balsam@eszdeps copni a. 26. The
met hod accordln??t | ai m 21, rein said nolten silicate resistant

mat er i al 9GBRBLF ?%ﬁp?ﬁﬂﬁﬁ §”ﬁ%ﬁﬁ¥PFﬂﬁ§S gePgyetiRgvi hgle8shiWhess in

t he _rang@agérf69%%5&1@1&505&331811z@\aeru%%hlaespectIve | ayer of the
yttria-stabilized zirconia material. 27. The nmethod according to claim 21,

wherein said nolten silicate resistant material depositing step conprises

deposi Ui ng . gk ayernhavi i At CHIGSS i sbhe .00¢, 0L, {0 do0; 10,50 i s

over each respective ayer e yttria-stabilTzéd zircon Stial. 28.
The ﬁEtthab¢¢®den91ICbmﬁ&NdB§HSlWMng%HthSabdpyﬁsebadepbabtimgeﬂ zirconia

| ayer depositing ste ses_de itin er consisting of from4.0
to 25 wi IPVEEIRG GHEE +PeLbal Shod Shiaton 99-0 Wev gado1 FRES" Sha "the

balance zirconia.

25, The method according to claim 23, wherein said gadolinia
stabilized zirconia depositing step comprises depositing a
material consisting of from 40 to 70 wt% gadolinia and the

balance zirconia.

26. The method according to claim 21, wherein said molten
silicate resistant material depositing step comprises depositing
a layer having a thickness in the range of from 0.5 to 50 mils
over each respective layer of the yttria-stabilized zirconia

material.

27. The method according to claim 21, wherein said molten
silicate resistant material depositing step comprises depositing
a layer having a thickness in the range of from 1.0 to 5.0 mils
over each respective layer of the yttria-stabilized zirconia

material.

28. The method according to claim 21, wherein said yttria-
stabilized zirconia layer depositing step comprises depositing a

material consisting of from 4.0 to 25 wt% yttria and the balance

zirconia.

11



11 29. The nmethod according to claim21, wherein said yttria- stabilized
zirconia |layer depositing step conprises depositing a material containing
from6.0 to 9.0 % yttria and the bal ance zirconia. 30. The nethod
according to claim21l, wherein said yttria- stabilized zirconia |ayer
depositing step conprises formng each said layer with a thickness in the
range of fromO0.5 to 50 mls. 31. The nethod according to claim2l, wherein
said yttria- stabilized zirconia |ayer depositing step conprises formng a

| ayer hagbngThethéchka®sscddrditey ntangd adhm brombeBetn 5aOdmtsria32. The

met hod according to claim?21, wherein said substrate providing step

conpri seS POV 8FR g% i SRR rA¥E T SloRed Iiamh teRaferPal e8| GRReUL F M he

group CORgkstiAg Ghnea Mkelrhased o &ld @y o acgobaliiRased ahd aya 14804 a
nol ybdenum based al l oy. 33. The method according to claim 21, further

conpri si Agrcopiaci ng sai d substrate into a coating chanber; heating said
substrate in said coating chanber to a tenperature in the range of from 1700
to 2000F; nmmintaining pressure in said coating chanber at a pressure in the
range of 30romh@. detivod. edbtdirtorig cdrdrseqyenheakliy §afda pgrsHd-d

yttria-stabjlized zirconia Iﬁ%frs and said nolten silicate_resjstant
nater!a!SFQ?é}é?eQZ?BQQOW%% QRMF%BﬂﬁﬁF&PﬁgSFSPQFQPH¥?E?Sfﬁﬁ?Wﬁﬁg(ﬁﬁﬁﬂising
depositingig mg{allicribondcnatndayen hekweghgaabd subatsatec@anth mils.

31. The method according to claim 21, wherein said yttria-
stabilized zirconia layer depositing step comprises forming a

layer having a thickness in the range of from 1.0 to 5.0 mils.
32. The method according to claim 21, wherein said substrate
providing step comprises providing a substrate formed from a
material selected from the group consisting of a nickel based
alloy, a cobalt based alloy, and a molybdenum based alloy.

33. The method according to c¢laim 21, further comprising:

placing said substrate into a coating chamber;

heating said substrate in sald coating chamber to a

temperature in the range of from 1700 to 2000°F;

maintaining pressure in said coating chamber at a pressure

in the range of from 0.1 to 1.0 millitorr; and

sequentially forming said yttria-stabilized zirconia layers

and said molten silicate resistant material layers.
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sai d t hernal

conpri si
nol t en

ng alternating |layers of a yttria-stabilized zirconia materi al

silicate resistant material, and each said | ayer of said nolten

silicate resistant material having a barrier phase of at |east one of
te and garnet to resist penetration of nolten silicate material. 36.
The coating systemof claim35, wherein said nolten silicate resistant

oxyapat i

mat eri al

consists of at |east one oxide of a material selected fromthe

barrier coating system 35. A coating systemfor a conponent

and a

group caasi Shengiceholantbandimg CeS | M inPraseadyrhem coeedyai 4y promet hi um
samari um europi um mgadolinium terbium dysprosium hol mum erbium

t hul i um3eRPEEELBAUf

be &t anp O’ FRATUMAYSFd PG esnr E8AAURTPREF AF eI ANd

titaniL”Eai%7thg?ﬁa§095E99e§Yéé£%ﬂé§y%&éﬁa 35, wherein said nolten resistant
iz

mat eri al

consi sts of gadolini a-st zirconia. 13

35. A coating system for a component comprising alternating
layers of a yttria-stabilized zirconia material and a molten
siliéate resistant material, and each said layer of said molten
silicate resistant material having a barrier phase of at least
one of oxyapatite and garnet to resist penetration of molten

silicate material.

36. The coating system of claim 35, wherein said molten silicate
resistant material consists of at least one oxide of a material
selected from the group consisting of lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutetium, scandium, indium, zirconium, hafnium, and

titanium.

27. The coating system of claim 35, wherein said molten

resistant material consists of gadolinia-stabilized zirconia.
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