CALCI UM MAGNESI UM ALUM NCSI LI CATE (CVAS) RESI STANT THERVAL BARRI ER
COATI NG BACKGROUND OF THE I 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
engi ne conponent having the coating. (2) Prior Art [0002] The
degradation of turbine airfoils due to sand rel ated di stress of
thermal bar rdrgcionabAGEss 1184 aL9MgROSiCroRTECQeasn REdTs@iNT trurhime
engi nes used In a desert environment. This type of distress can cause
engi nes to be taken out of operé#ﬁ%ﬁEﬁoFoéTﬁ% ficant repairs. [0003]
Sand rel ated distress is caused by the penetration of fluid sand
deposits into the thermal barrier coatings which | eads to spallation
and accel erated oxi dati on BFEFRPE%HOSed et ENEGIARY OF THE

| NVENTI ON [ 0004] In accordance with the present invention, there is
provi ded a coating system which reduces sand rel ated di stress on

t ur bi ne ehgi e S¢8nPONEMR s"VFRE18Bat i ng system broadly conpri ses

al ternatipohayes pfesehtr iaveheddd iZadtakr eond ardichad PBRLEe&-
silicate resistant materlial. %0005 Further in accordance with the

present iRAIFPOA2VENY LA HISTE AEAGP nk2 XD SHe At tr &2 pF AR ded sfhFé Reonia

broadl y ¢l 883tén silicate resistant layer which can be applied to a
turbine engine component, to a method for forming the coating,

and to a turbine engine component having the coating.

(2) Priox 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
nolten silicate resistant material. Each layer of nolten silicate
resistant material may be fornmed froman oxide of a material sel ected
from gadol i nia-stabilized zirconia. [0006] Still further in
accordance with the present invention, a nethod for formng a coating
system whi ch reduces sand rel ated distress is provided. The nmet hod
broadly conprises the steps of providing a substrate, depositing
alternating |ayers of a yttria-stabilized zirconia material and a

ol ten siddgal@teeshat atermi@higal 98t 9 dhetsubat 5a4e: 1 {1 Q0% rEbhes
details of the cal ci um nmagnesi um al um nosilicate (CMAS) resistant
thermal BT i%erod65Ri filf b tthe oprasant TahfdietionEagl hiiqr & Behesn

obj ects and sadvant-agestait enpdant 2l hgs £y @N@edCErbRrid diideher a
foll owi ng detail ed description and_the acconpanying draw ng wherein

li ke ref dtadtidé ahufet afedeFiott JrrAReI R amiditd L 1BRAEF BESER-PTI ON OF

THE DRAW NGB 410008} 1 FE&xtHed Sndasehea@idLs iRl @88NbALi Y Qhvant UER] Ne
engi ne conponent. with the coating of part of the present invention;
and [ 00091508 £27] EOEMSrhmACRE TR pf ¥ A6R BPLEctUrtinte rehghert
conponentyWitd sanial pesnatdde reeaht Mg $ YSiaam ncé@fﬁ&é&ﬁ“%%éW%EQanéf
of the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERREF TNBCEBPNERTE S)S 1 G0-F0] APPORBS eet tGirsebVed et ¥4t ofept ai n
coatings faaGt -Wrthiflsdl sandndeprstdsi ANG A Leaciion Praduet fornms
that inhibits fluid sand penetration into the coating. The reaction
product HeESisESRti BRRETII e ds bBPng S Sid%ecat e oxyapat it e/ gar net
cont ai ni N@au7Mthky adoliNicd, t6al 64 feidl HEQRLE uRNE §ildo:31 1 Thee
present invention relates to a _coating systemfor a conponent, such
as a tur biGB3engrhes bdmpoteimalwirERl ¢ akes tdadant aglee giraseing

di scoveryinddQQ1dh, | Bs ageor dancenvi-t by pars ahat REvREESEIY dchvention,
referring now to FIG 1, the coating system 18 of the present

i nvent i orFliaTEtQdedral $&kF rffithy inaybe stofloyipor Arha stemhidgssadprEi pr oaich

and a nol&en Sicbineah§i fE kARl WBLELIR!IL: U rQEESENLO fifdPaiRCHep;ct
coating system 18, a first layer 10 of yttriastabilized zirconia is

appl i ed tlo-k® $dPMEaRES412 of a substrate 14, such as a turbine engine
conponent including, but not limted to, a blade or a vane. The
substrate 14 may be fornmed fromany suitable material such as a

ni ckel based superal | oy BRAEEoPEIGRIFIION QF| BYE RAWIN&GYbdenum based

al | oy, orpgddgit @rcum based @lhle@d i Fhfepitdddndastiahi b 284 Zii6@NLAgine
| ayer 10 may be applied by, for exanple, electron beam physical Vvapor
deposi t i GIPPRBEPVDY 1Bt Hit q9RashE 3prait afhéhenpraeist vilivehtéan; band
used to depewit rihe Ytidia ShabhtizefbZidLORLR;bAYSF A JrRahudesy; ut
is not limted to, sol-gel techniques, slurry techniques, sputtering
t echni queTPERERT-caltly afbra ldegasti voncaaddng guesenahe agrargpabkewith

resin teghy)iaues cndherddddd anstkabibhzed zirconia layer will inprove
the erosion resistance of the system
DETAILED DESCRIPTION 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



[0012] A preferred process for performng the deposition of the
yttria-stabilized zirconia |ayer 10 is EB-PVD. When 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
(927C to 1093C). The coating chanber may be nmai ntained at a pressure
in the range of fromO0.1 to 1.0 mllitorr (0.013-0.133 Pa). The
feedstock feed rate may be fromO0.2 to 1.5 inches/hour (5.1 to 38.1
nm h). The coating tinme nay be in the range of from20 to 120

m nut es. dd@pb3knihesdeposd teduyblhkassyatd |dompdnéht comiacH auees10 may
have a thickness of fromO0.5 to 50 mls (0.013 to 1.27 m),

pr ef er abl3ARIGAPE. BTt B2%° FIMAPIeEY: 025 to 0.127 ). The deposited

| ayer 10 rompihave acysdtddrcLont@nbatt dheHeapgeseht f1orakiGnt,o 25
wt% preferably from6.0 to 9.0 wt% The deposited_|ayer 10 may

consi st offRErP PRVt He Ehifbudt R4S P RE YRR akl thdNsaPaRERDE
zirconi a.idvendiBAr enpledey rad eabedhgendyedshe rdgpest + £d-Jayen i 104 may
consist of yttria in the amount of 6.0 to 9.0 % yttria and the

bal ance AYCORE. 20F 0B IRYL LAY 8L LERREG TGS SPADPRF SRR i rdoRTEeE ayRr
10 has beenrdepestbeding dyayem 28, for ek d nagea mléensidilcat e
resistant material may be fornmed over the |ayer 10. The | ayer 20 ma
be for medTaPdmaed| eaET e GxPHBL 58 SEYRIFUTARSS stat | iZ sybstrebhi B -
The mat erdalh( 8% HOEAHPOhd hed:akekoRPo@Y: e cdanosh| eshSidg 13RY 88 to,
t he deposition techniques nentioned herei nbefore. Wen the | ayer 20

i s forned HéRFacHadiol 11 a BitablPeredt i F ghivabet hermed erropo 2Ry
contai n f4amMa29et A2 09 S Mhcgadel i nh fciand Hﬁ%)édthﬁeﬁaIlrUﬁkﬁe%§bjaﬂtt he
range of fromO0.5 to 50 mls (0.013 to 1.27 nm. In a preferred
enbodi meftase§addlrhi a® e shdsertm Rasef sideatr PFofn Bok3n-uro PRE S

and/ or thgilRyernd0ybasi A Jhirgkness irddif o aagerofo frompl Qpb@idd Ghy,
mls (0.025 to 0.127 nm). If desired, the layer 20 may be formed from
a mat eri dl°%cGHSMBLF ng® BICTBmMP28™Mt BN 9D R IMVBPGAdBFPYT B kid (ERsFVD) or
bal ance ziiC@lkamaStptdy f WihRer methodesinied, chheptaysdy 3Q MYobEL the
formed froma material consisting of from40 to 70 w % gadol i ni a and
t he bal ant&Zfr E6APAI L TTb B rcaPt-ar 1aner | Y énc2odnas Peen d&pssi teitssh
the |ayertgl0,s0a-g§egonshdMfles?2s0hr ¥y tid@Bm3l@bkl | 2ggezdAigRnia is
applied over the layer 20. The yttria-stabilized zirconia |ayer 22
may have HRrNéAUERe SofpoEilt iV6RE T ARSI EP a6 GBI Afi¢E Frayr s Ude fB53 2k
usi ng any-fint RechReHid Suemdeseri Reg: fiprai-ng Thereafs efayed ggtond

| ayer 24 of nolten silicate resistant material is deposited over the
yttria- stABIOV2edn2i P EOMA TPRéShaRBRrobfthe gy&Femof
yttria-st@ilaizadpzé FEON A ARG e8sMPbE 5L SdrinG Al et ke ShSI ANt iBRL SFi @he
will vary fromapplication to application. The nunber of layers is a
functi on YHtiRestabyetzehidkTe8s2f b2V he & 3&t ERgP¥Rd Whan Pigg forming

applicatiQfis 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 (927°C to 1093°C). The coating chamber may be
maintained at a pressure in the range of from 0.1 to 1.0
millitorr (0.013-0.133 Pa). The feedstock feed rate may be from
0.2 to 1.5 inches/hour (5.1 to 38.1 mm/h). The coating time may
be in the range of from 20 to 120 minutes.
[0013] The deposited yttria-stabilized zirconia layer 10 may
have a thickness of from 0.5 to 50 mils (0.013 to 1.27 mm),



[0016] The nulti-layer coating systemof the present invention nmay
not have a defined interface between the yttria-stabilized zirconia
| ayers and the nolten silicate resistant material |ayer. Rather, the
| ayers may blend together to forma gradient fromyttria-stabilized
zirconia rich to a gadolinia stabilized rich. [0017] Wile a

t hi ckness has been provi ded above for each layer, it should be
recogni zed that the | ayers of each material do not need to have the
sane thi ckness throughout the coating. [0018] The | ayers of nolten
silicate pesiesthany faseria tof st hempresentozisneenti orv winl)l. meact with
nol ten sapd depo |&s anqu£orn1 barr|q$H§hase of ox ap tite and/gr
gar net t & TESH P{Rer-péliet ratFon. Y EbéﬁBF?ﬂFa 1577288 ©

zi rconi a 4ayen. BOtw b$ ewve pruftbicabept £ Edi ekiness goofwawn tine desired
stem of the present invention is

barrier 019] The coatin

an advan{SRGHEenETHET B rPreFOUsLs it Stem Lhat s GUiere Ohe
penetratiomn ab oel ten sid iRt @amahesi & rcolia . coat & NSy Hrefeproyi des
enhanced durahility in envirqonnents where sand |nduced di stress of

t ur bi ne &TRGFE bectis. AGRIFI6FIREFETT i 1Ty THEWCLBS T 6. 02 YH T 1gesPr BRE

a met al | igndaenrdogoat 0 3 NAY ey d?@@ﬁié ethcOnhe bheasshsiiaonidd to
bond the substrate 14 to the first %%%%10 of the Xttrla stabilized
zirconia Hﬁiérlﬁfte?h%p?nﬁgﬁql?csﬁﬁﬂﬂﬁ Z36 “RAYA bE? ¥ VAR S pBRED

coat whergMsiisecal &eBsfeOn® ebrAkgketom GORRNIEenaph i resistant
Alternatively, the netallic bond coat 30 may _be an al um ni de or

platlruunQﬂqﬁﬁlﬁFd@aﬁom% TS PHET b %ﬁ%ﬁ? 30 - nBje R ZOnPeknke s

in the rangeaeaf risemnaboils0ohet 6x28: Bt % (g@d@i@nié)-s&bi(lazam
preferably fromabout 0.5 to 10 mls (0.013 to 0.254 . The bond

coat 30 ey W& aepbst tRf a5y 24 (Fowl prEsdirdeplagfa %%w%ﬂﬂ DavEEPP A ki

vel oci ty xy@eanfuet)tna dé@;o@@dhsnaf@crmlczﬁ@%sme@tﬂ@ﬁé&&ie&@lﬂb@@sﬁé,
an air plasma spray process, plati ng process, as well by any

process WHI%hthE tapabl e dF ffBFﬁ?ﬁgfﬁorHeans%‘dﬁ’ﬁll%? i Eeg zitoonta,
structur &he CaAbMS20 Indy thienmah baski 25 O3, B0wsYS§£M1iI8k and may

COmPri SI NG o 2 cht Eone s chakalne Yot L2120 10 288 29 815 o
1.27 mm). In a preferred embcocdiment, 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 miis (0.025 to 0.127 mm). If
desired, the layer 20 may be formed from a material consisting
of from 25 to 99.9 wt% gadolinia and the balance zirconia. 35till
further, if desired, the layer 20 may be formed from a materiazl
consisting of from 40 tc 70 wt% gadolinia and the balance
zirconia.

[0015] After the layer 20 has been deposited on the layer 10, a
seceond layer 22 of yttria-stabilized zirconia is 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 number of



a first layer (20) of a nolten silicate resistant material deposited
over said first layer of yttria-stabilized zirconia; 10 a
second | ayer (22) of yttria-stabilized zirconia deposited over said
first layer (20) of said nolten silicate resistant material; and 15a
second |l ayer (24) of nolten silicate resistant naterial deposited
over said second |layer (22) of said yttria-stabilized material,
characterised in that 20 the thermal barrier coating system
further conprises at | east one additional |ayer of yttria-stabilized
zi rconi a lancrat ofegastr onestaddili redatit@yara ahdsai do it erlldickicat e

resistant materi al in that .said nolten silicate.resistant nmateri al
BRI S AN Eh S bl 83 A S LIRS g g B (T
sai d | ayerhd 20mb24) oOf 1apdtsensshul FeatEeigresirstant tabde italidrassa for

t hi ckne in the,range,of fromO0.5t0 50 mls (0.013 to 1.27 . 30
2.%he tﬁé?#ﬁf”ﬁgFPgegn%d%Pﬁﬁ%es9§P%h?%E%%¥ding(to claim 1, ™

[0016] The mUlti-layer ccating system of the present invention
may not have a defined interface between the yttria-stabilized
zirconia layers and the molten silicate resistant material
layer. Rather, the layers may blend together to form a gradient
from yttria-stabilized zirconia rich to a gadolinia stabilized
rich.

[0017] While a thickness has been provided above for each layer,
it sheculd be recognized that the layers of each materizl 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 molten 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, cobalt, 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 {0.013 to



wherein said gadolinia stabilized zirconia consists of from25 to
99.9 W % gadol i nia and the bal ance zirconia. 3.The thermal barrier
coating systemaccording to claim2, wherein said gadolinia
stabilized zirconia consists of from40 to 70 w % gadol i nia and the
bal ance zirconia. 5 4. The thermal barrier coating system according
to any of clains 1 to 3, wherein at |east one |layer (10, 22) of said
yttria-stabilized zirconia consists of from4.0 to 25 wt% yttria and
t he bal ance zirconia. 10 5. The thernmal barrier coating system
accor di ng 15m8c mai) ;N dre Mdrettgivn fabml easit one lkayen (105 @R)o1of tsand254
yttria-stahilized zirconia %pnsists f from6,0 to. 9.0 % yttria and
the bal add®® zi'"EoRPEY 9%t 6V A& Phe ?Rﬂs4%§FrP¥rac83Ti9ﬁfs feprasma

accor di ngsgraygnyvof chagisrellck@t, odfigsei fhera¢hasakthddiyeraref process,

yttria-stab&%n ed zirconia has a.thickness in the range of from0.5

to 50 mil% ﬁ%féopopﬁp%ﬁﬁﬁnnﬁn alr plasma spray process, or a plating

process, as well as by any process which is capable of forming a

dense uniform metallic structure.



20 7. The thermal barrier coating systemaccording to any of clains
1 to 6 conprising alternating |layers (10, 20, 22, 24) of a
yttria-stabilized zirconia material and a nolten silicate resistant
mat eri al consisting of gadolinia stabilized zirconia, 25 and each
said layer (20, 24) of said nolten silicate resistant material having
a barrier phase of at | east one of oxyapatite and garnet to resi st

penetration of nolten silicate material. 8. A turbine engine
conponent GQRRLi sing: 30 a substrate (14); and a thermal
barrier coating system (18) according to any of clainms 1 to 7. 9.

The turbine engi ne conponent according to claim7, wherein 5 said
substrate (14) is fornmed froma material selected fromthe group
consisting of a nickel based allo a co altjgﬁsed allo and a

mol ybdenunh-bas®d-RaTay. Parrigy cPREIRY, SHPHE™ ey Eoggﬂ%on it according

to claism8 or 9, 10 further conprising a netallic bond coat (30)

between sai d substrat ¢ (14) A)d o3a) &3 1eL0Rbs Y S1rE9RL:N0 (18).

a first layer (20) of a molten silicate resistant materiai

deposited over said first layer of yttria-stabilized zirconia;

10
a second layer (22) of yttria-stabilized zirconia deposited
over said first layer (20) of said molten silicate resistant
material; and
15 a second laver (24) of molten siiicate resistant material
deposited over said second layer (22} of said yttria-stabilized
material,
characteriged in that
20

the thermal barrier coating system furthexr comprises at
least one additional layer of yttria-stabilized zirconia and at
least one additional layer of said molten silicate resistant
material, in that said molten silicate resistant material
75  consists of a gadolinia stabilized zirconia, and in that each
said layer (20, 24) of molten silicate resistant material has a
thickness in the range of from 0.5 to 50 mils (0.013 to 1.27

mm) .

30 2. The thermal barrier coating system according to claim 1,
wherein said gadolinia stabilized zirconia consists of from 25

to 99.9 wt% gadolinia and the balance zirconia.

o



11. A nmethod for providing a conponent wth protection against sand
rel ated distress conprising the steps of: 15 providing a substrate
(14); formng a thermal barrier coating system (18) by depositing
alternating layers (10, 20, 22, 24) of a yttria-stabilized 20
zirconia material and a nolten silicate resistant material on the
substrate as: a first layer (10) of yttria-stabilized zirconia; 25a
first layer (20) of a molten silicate resistant material deposited
over said first layer of yttria-stabilized zirconia; a second | ayer

(22) of ytiriangd altdring@dogd #iGeNE8a €laROSkE RS according to claim 2,
wherein said gadolinia stabilized zirconia consists of from 40

to 70 wt% gadeolinia and the balance zirconia.

4. The thermal barrier coating system according to any of
claims 1 to 3, wherein at least one layer (10, 22) of said
yttria-stabilized zirconia consists of from 4.0 to 25 wt% yttria
and the balance zircocnia.

10
5. The thermal barrier coating system according to claim 4,
wherein at least one layer (10, 22) of said yttria-stabilized

zirconia consists of from 6.0 to 9.0 wt% yttria and the balance

zirconia.

6. The thermal barrier coating system according to any of
claims 1 to 5, wherein each said layer of yttria-stabilized
zirconia has a thickness in the range of from 0.5 to 50 mils
{0.013 to 1.27 mm).
20
7. The thermal barrier coating system according to any of
claims 1 to 6 comprising alternating layers (10, 20, 22, 24) of
a yttria-stabilized zirconia material and a molten silicate
resistant material consisting of gadolinia stabilized zirconia,
25 and each said layer (20, 24) 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.

8. A turbine engine component comprising:
30

a substrate (14); and



over said first layer (20) of said nmolten silicate resistant 30
materi al ; and a second layer (24) of nolten silicate resistant
mat eri al deposited over said second | ayer (22) of said
yttria-stabilized material, 5the nmethod being characterised by

the thermal barrier coating systemfurther conprising at |east one
additional layer of yttria-stabilized zirconia and at |east one
additional |layer of said nolten silicate resistant 10 material, by

sal d step of depgsltlnoeallehnabohd AEESH COMBM beLOBaHRPRS! kb

| ayers of gadofinia stabilized zirconia as said nolten silicate

resi stant almt.eeiklto dnd by depositing each of said | ayers of
gadolinia stabilized zirconia to a thickness in the range of fromO0.5
to 50 mls (0.013 to 1.27 nm) over each 15 respective |ayer (%0 22)
of the ytt¥i a- Eeabiurbiee 91FEENICARRRKAY gFcording JFﬁeCJnae’t“Kgd YRRHHH ng
to claigm ]s]wid"\@lgkgseér%t§ai(g4 gai%lfb@iuad Sf_tr[%hi hiﬁaaﬁbraiaucgfaifcmh@pcusbmim
step conprises depositing a Jmaterial consistin r.om_25 9.9
Wt % gadol iFFCHPafPRHFE 1841 Shde nz‘%?@ﬁrﬁaa?.e‘i 3Eey! o8l Ml el Py

and a molybdenum based alloy.

10. The turbine engine compeonent according to claim 8 or 9,
10 further comprising a metallic bond coat (30) between said

substrate (14) and said thermal barrier coating (18).

11. A method for providing a component with protection against

sand related distress comprising the steps of:
providing a substrate (14};

forming a thermal barrier coating system {18} by depositing
alternating layers (10, 20, 22, 24) of a vttria-stabilized
20 zircopia material and a molten silicate resistant material on

the substrate as:
a first layer (10) of yttria-stabilized zirconia;

25 a first layer (20) of a molten silicate resistant material

deposited over said first layer of yttria-stabilized zirconia;

a second layer (22) of yttria-stabilized zirconia deposited

over said first layer (20) of said molten silicate resistant

30 material; and



13. The method according to claim 12, wherein said gadolinia
stabilized zirconia depositing step conprises depositing a 25
material consisting of from40 to 70 wt % gadolinia and the bal ance
zirconia. 14. The nmethod according to any of clains 11 to 13, wherein
said nolten silicate resistant material depositing step 30 conprises
depositing a layer (20, 24) having a thickness in the range of from
1.0to 5.0 mls (0.025 to 0.127 mm over each respective |layer (10,

22) of the yttria-stabjlized rconia materij.al . 15, _.T
according to aanfe(?f’ngl éa‘?%%r ffib ooglfr,'oai g tga?e Jy%%ﬁqg- %?%blla]li zed
zirconi a kapesidepeseti o)l & tsepondnpnieses 2 e pds s Agy G aig-ekplal lized
conS|st|ngagfr£ipn14.0 to 25 mﬂ@by;tria and the bal ance zirconia. 16.
The net ho _8pord|ng to any of claim15, wherein said 10
yttria-stabilized zirconia | ayer depositing step conprises depositing
?irggﬁ?gal contyal HRohr oLy Cnbladlivbiongtria and the bal ance
the thermal barrier coating system further comprising at
least one additional layer of yttria-stabilized zixconia and at
least one additional layer of said molten silicate resistant
10 material, by said step of depositing alternating layers
comprising depositing layers of gadolinia stabilized zirconia as
said molten silicate resistant material, and by depositing each
of said layers of gadolinia stabilized zirconia to a thickness
in the range of from 0.5 to 50 mils (0.013 to 1.27 mm) over each
15 respective layer (10, 22) of the yttria-stabilized zirconia

material.

12 . The method according to claim 11, wherein said gadolinia
stabilized zirconia depositing step comprises depositing a
720 material consisting of from 25 to 99.9 wt% gadolinia and the

balance zirconia.

13. The method according to claim 12, wherein said gadolinia
stabilized zirconia depositing step comprises depositing a
75 material consisting of from 40 to 70 wt% gadolinia and the

balance zirconia.

14. The method according to any of claims 11 to 13, wherein
said molten silicate resistant material depositing step
30 comprises depositing a layer (20, 24) having a thickness in the

range of from 1.0 to 5.0 mils {0.025 to 0.127 mm} over each

10



17. The method according to any of clainms 11 to 16, wherein 15 said
yttria-stabilized zirconia | ayer depositing step conprises formng
each said layer (10, 22) with a thickness in the range of fromO0.5 to
50 mls (0.013 to 0.127 mr). 18. The nethod according to any of
claims 11 to 17, wherein 20 said yttria-stabilized zirconia |ayer
depositing step conprises formng a |ayer (10, 22) having a thickness
inthe range of from1.0 to 5.0 mls (0.025 to 0.127 mm. 19. The

et hod aceardl 0 0, 3Pt Ofy €] 3 MR A 10y 461 dueE 8L N 281 Saksosubst rat e
S

provi di ng p conpfrses providing a substrate (14) fornmed froma
mat eri al sateriadd fromthe group consisting of a nickel based all oy,
a cobalt based all oy, and a nol ybdenum based alloy. 30 20. The net hod

according to any of clainms 11 to 19, further .co i Sing: | aci ng
sai d substPat el BELPAR AFFEALE n° Wnﬁ%r‘%%@iﬁ%gt%am%d gg%% Tate

(14) in sahfacpatdiagsehpihieed oiacderpeaattirdepon it hey rempe cofiprfisem
1700 to 2%235;£éggécatgaterial consisting of from 4.0 to 25 wt% yttria

and the balance zirconia.

16. The method according to any of claim 15, wherein said
10 yttria-stabilized zirconia layer depositing step comprises
depositing a material containing from 6.0 to 9.0 wt% yttria and

the balance zirconia.

17. The method according to any of claims 11 to 16, wherein
15 said yttria-stabilized zirconia layer depositing step comprises
forming each said layer (10, 22) with a thickness in the range

of from 0.5 to S0 mils (0.013 to 0.127 mm).

18. The method according to any of claims 11 to 17, wherein
20 said yttria-stabilized zirconia layer depositing step comprises
forming a layer (10, 22) having a thickness in the range of from

1.0 to 5.0 mils (0.025 to 0.127 mm).

19. The method according to any of claims 11 to 18, wherein
75 said substrate providing step comprises providing a substrate
{14) formed from a material selected from the group consisting

of a nickel based alloy, a cobalt based alloy, and a molykdenum

based alloy.

30 20. The method according to any of claims 11 to 19, further

comprising:

11



510930 mai ntai ning pressure in said coating chanber at a
pressure in the range of fromO0.1 to 1.0 mllitorr (0.013-0.133 Pa);
and 1l0sequentially formng said yttria-stabilized zirconia | ayers and
said nolten silicate resistant material |ayers (10, 20, 22, 24).

21. The nethod according to any of clains 11 to 20, further 15
conprising depositing a netallic bond coat |ayer (30) between said
substrate (14) and said thermal barrier coating system (18).

placing said substrate {14) into a coating chamber;

heating said substrate (14) in said coating chamber to a
temperature in the range of from 1700 te 2000°F (927°C to

5 1093°C);

maintaining pressure in said coating chamber at a pressure

in the range of from 0.1 to 1.0 millitorr {0.013-0.133 Pa); and

10 sequentially forming said yttria-stabilized zirconia layers
and said molten silicate resistant material layers {1o, 20, 22,

24} .

21. The method according to any of claims 11 to 20, further
15 comprising depositing a metallic bond coat layer (30) between

said substrate (14) and said thermal barrier coating system

(18).
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