YTTRI A- STABI LI ZED ZI RCONI A COATI NG WTH A MOLTEN SI LI CATE RESI STANT QUTER
LAYER BACKGROUND OF THE I NVENTION (1) Field of the Invention [0001] The
present invention relates to a yttria-stabilized =zirconia coating with a
nolten silicate resistant outer layer which can be applied to a turbine
engi ne conponent, to a method 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 related distress of thermal barrier
coatings is a significant concern with all turbine engines used in a desert
environment. ThiY§TRYpeSHABULITERSEIRGON HauSRATENH WETH & MeLraken out of

operation for significant el distress is caused by
t he penetration of fIuidsigﬁgkggp%%gﬁgﬁhwfgﬁﬂ‘ ﬁ%&% barrier coatings
which |leads to spallation and accel erated oxi dation of any exposed netal.

SUMVARY COF THE | NVENTI ON [ 0004] In accordance with the present invention,
there is provided a coati i DAWRECREEdN¥ESTE@Nd rel ated di stress on

tur bi ne ?@g'Pfeﬁ@ﬂ?@ﬂﬁﬂi?ﬁnlﬁﬁnﬁﬁﬁt'ng system broadly conprises a |ayer of
yttria-stabilized zirconia and a nolten silicate resistant outer |ayer.

[0005] FiPOBRI i n Hreouawy vinventhenpredehnesi hveatyonyia-stabilized
zirconia coating with a molten silicate resistant outer 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) 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
a layer of yttria-stabilized zirconia and a molten silicate
resistant outer layer.
[0005] Further in accordance with the present invention, a
turbine engine component is provided which broadly comprises a
substrate, which may or may not include a metallic bondcoat, a

yttria-stabilized zirconia coating applied over the substrate,
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turbi ne engi ne conponent is provided which broadly conprises a substrate,
which may or may not include a netallic bondcoat, a yttria-stabilized
zirconia coating applied over the substrate, 1 and a nolten silicate
resistant outer layer. The nolten silicate resistant outer |ayer nay be
formed froman oxide selected from the group consisting of |anthanum
cerium praseodym um neodym um pronethium samarium europium gadolinium
terbium dysprosium holmum erbium thulium ytterbium lutetium
scandium indium zirconium hafnium titanium and m xtures thereof, or

from gadehink anst @i |4 zek zid ce¥idtatkt suRaki yelyr. the ol tan $ilicate
resistant outer layer may be a zirconia, hafnia, or titania based coating

with at reasgtane Qi%'r?jl’e Taske Te dt3¢d b SRFRRE éF@Tﬂpa%o%Jr@%?@lQﬁthhrﬁ%um
cerium Héa§P91gé! %W@ﬂwaﬁ&?ﬁ%hb' Hrg}f) Iﬁ{m}%}f—]é‘?%u gk um

gadol i ni um yspr05|un1 olmum e yt't er bi um
Iutet|unnesdamdumn1pzambuhmhmnnSﬁmaxigmabbhrzpmgm,e@e@ehinlqmuxhﬁrﬁiumI
further i,n_accordan e mnth the rese i, nvent or formng a

f
coating SYEPERTWATC é%&%é&mdl¥ F%ggl?%’ %5?%% ' The net hod

broadl y seap#ises utdmmsteaolsfcszj‘nlmlrngvm@llfﬂguﬂ,sub@&ﬁﬂ@@, MQﬁiiﬁﬂQgsﬁl | ayer of
a yttria-stabilized zirconia material on the substrate, and formng a

mol t en stPPERPE: r@si StahtIasifldm Jaapérbddérethaiyeonia- shhbgInateiedivconi a
materi al 1} 0007 e Rt her; dftai lek Qe Jnhe oWt bET 235820014260 21 S £00A 4,

hafnia, or titania based coating with at least one oxide
selected from the group consisting of lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutetium, scandium, and indium as a stabilizing
element.

[0006] Still further in accordance with the present
invention, a method for forming a coating system which reduces
sand related distress 1s provided. The method broadly comprises
the steps of providing a substrate, depositing a layer of a
yttria-stabilized zirconia material on the substrate, and
forming a molten silicate resistant outer layer over the yttria-
stabilized zirconia material.

[0007] Other details of the yttria-stabilized zirconia
coating with a molten silicate resistant outer layer 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;



coating with a nolten silicate resistant outer |ayer of the present
invention, as well as other objects and advantages attendant thereto, are
set forth in the follow ng detailed description and the acconpanyi ng
drawi ng wherein Iike reference nunerals depict |ike elenments. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0008] FIG 1 is a schematic representation of a
turbine engine conponent with the coating of the present invention; 2

[ 0009] FIGS. 2A - 2C are photom crographs illustrating the penetration of
nolten silicate material into a conventional thermal barrier coating;

[0010] FI@G®SBA - HBGsar ephotanmaeeoghapbsictbgisdpiad | gl ddreratpenetuhat i on of
nolten silicate material .into a_thernmal barrier, coating in accordance with

the presRTReTRfET G W%%&eﬁoéiifcﬁF@imﬁt?El%ﬁs%ﬁﬁﬁnﬁ|QPW(%% tdo&dtat i on of a

turbine teaghde KpMmNerbawithl;an al ternative enbodi ment of a coating in
accordance wth the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED

EVBODI MEMNIQH)T [ OGFIAS - IﬁAhas3§eéﬁedp§969@¥@mpqrﬁﬁhﬁx#kkﬂ&tnﬁimﬂgn@§ereact_
with fl ;&sgn t[agg%do%io%se ac%@t %ﬁ%s}rh%a%f)fyftl&t%@ é}{g a1 HURLLs fluid
etratl on uc

sand pe Into t coafti e reaction rod as been rdentified
as bei ngc@atsing cat excmmml M&/cgalthetpneﬂéxat nim\gerptmcrm,r idnd gadol i nia,

cal ci a, 66%fon|a d4S|I|ca Ehe resent invention re !ates a coating
system fb konp&ﬁght dGch SSPETRGIBi RRPERTT N Tithdterft Furbine
engine component with an alternative embodiment of a coating in

accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0012] 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 component, such as a turbine engine component,
which takes advantage of this discovery.
[0013] In accordance with the present invention, referring
now to FIG. 1, the coating system 18 of the present invention
includes a yttria-stabilized zirconia thermal barrier coating 10
applied to a surface 12 of a substrate 14, such as a turbine
engine component including, but not limited to, a blade or a
vane. The substrate 14 may be formed from any suitable material
such as a nickel based superalloy, a cobalt based alloy, a
molybdenum based alloy or a titanium alloy. The substrate 14
may or may not be coated with a metallic bondcoat 30 (as shown
in FIG. 4). Suitable metallic bondcoats 30 which may be used
include diffusion bondcoats, such as platinum-aluminide coating

or an aluminide coating, or MCrAlY coatings where M is at least



whi ch takes advantage of this discovery. [0013] In accordance with the
present invention, referring nowto FIG 1, the coating system 18 of the
present invention includes a yttria-stabilized zirconia thermal barrier
coating 10 applied to a surface 12 of a substrate 14, such as a turbine
engi ne component including, but not limted to, a blade or a vane. The
substrate 14 nmay be forned fromany suitable material such as a nickel
based superall oy, a cobalt based all oy, a nol ybdenum based alloy or a

titani umygllgy. nlﬁ@efuqiséﬂa?i[@ 14 maynor BRY Bgh PgaEO%grg%gtm@ allic

bondcoat 30 (as s 4). Swtable metallrc bon s 30 ich may
be used deamtkedetlidfnsion bondcoat s, such as plati num aI umi ni de coati ng or
an al um nj oati l\/CrAI Y C atl east one

o cel 1 DOBERT O Ll 0 MRS uda e 3 Hheh Thabhaiy RS T Clotess.
[0014] The m&prb@-@s;abiédm Zﬂd’J:C@'Xlaalp‘LlBer BBbcbashiBEakOphy §i0ca L 0rdpyr be
applied by, for exanple, electron beam physical vapor deposition (EB-PVD)
or air pPRBRAIEHPRAY(ERXNEY) Rk Hdds BHISER ERKaYbeOLBRH FRLURPDSTRLIFhEtria

stabilizgd zkpgophagd st Ml hargsdig .€Qabhng; 1041 neludesa %rmél hot limted

to, sol-gel techniques, slurry technlques sputtering techni ques, and
chemi cal beapoer deposing okd tlenhlmdwes bu[th@ﬁS}lOA bmiéed etlo procksgeff or

perform n Bhe degos i on ecﬂ[ he etstrlsa %I rcl(l)nl a thermal barrier

Cont ing TooPATeEEERvE et st oot “ERTE 2Rt bucEeofoh§Ebast il o 1a s

pl aced Iahemlcal vapor deposition techniques.
[0015] A preferred process for performing the deposition of
the yttria-stabilized zirconia thermal barrier coating 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 is
maintained at a pressure in the range of from 0.1 to 1.0
millitorr. The feedstock feed rate is from 0.2 to 1.5
inches/hour. The coating time may be in the range of from 20 to
120 minutes.
[0016] The deposited coating 10 may have a thickness of from
3.0 to 50 mils, preferably from 5.0 to 15 mils. The deposited
coating 10 may have a yttria content in the range of from 4.0 to
25 wt%, preferably from 6.0 to 9.0 wt%. The deposited coating 10
may consist of yttria in the amount of 4.0 to 25 wt% and the
balance zirconia. In a more preferred embodiment, the deposited
coating 10 may consist of yttria in the amount of 6.0 to 9.0 wt%
yttria and the balance zirconia.
[0017] After the yttria-stabilized coating 10 has been
deposited, a molten silicate resistant outer layer 20 is formed
over the coating 10. The outer layer 20 may be formed from an
oxide selected from the group consisting of lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,
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a coating chanber and heated to a tenperature in the range of

from 1700 to

2000 degrees Fahrenheit. The coating chanber is naintained at a pressure in

the range of fromO0.1 to 1.0 mllitorr.

to 1.5
m nut es.
to 50 m

i nches/ hour. The coating tine may be in the range of from20 to

The feedstock feed rate is fromO0.?2

120

[ 0016] The deposited coating 10 may have a thickness of from 3.0

|s, preferably from5.0 to 15 mils. The deposited coating 10 may

have a yttria content in the range of from4.0 to 25 W% preferably from

6.0 to 9.0 wt% The deposited coating 10 nay consist of yttria in the
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Al ternatively, the .outer | aé%' 20 may be a gadolinia stabilized
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ytterbium, lutetium, scandium, and indium as a stabilizing
element.

[0018] The material(s) forming the outer layer 30 may be
deposited using any of the deposition techniques mentioned
hereinbefore. When the outer layer 20 is formed from a gadolinia
stabilized zirconia, the outer layer may contain from 25 to 99.9
wt% gadolinia and may have a thickness in the range of from 1.0
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 15 mils. If desired, the outer layer
20 may be formed from a material consisting of from 25 to 99.9
wt$% gadolinia and the balance zirconia. Still further, if
desired, the outer layer 20 may be formed from a material
consisting of from 40 to 70 wt% gadolinia and the balance
zirconia.

[0019] The two layer coating system of the present invention
may not have a defined interface between the two layers 10 and
20. Rather, the two layers 10 and 20 may blend together to form
a gradient from yttria-stabilized zirconia rich to gadolinia
stabilized rich.

[0020] The outer layer 20 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 layer



oxi de selected fromthe group consisting of |anthanum cerium
praseodym um neodym um pronethium samarium europium gadolinium
terbium dysprosium holmum erbium thulium ytterbium lutetium
scandium and indiumas a stabilizing elenment. [0018] The material (s)
formng the outer layer 30 may be deposited using any of the deposition
techni ques nentioned hereinbefore. Wien the outer layer 20 is fornmed froma
gadol inia stabilized zirconia, the outer |ayer nmay contain from25 to 99.9
wt % gadol i nia and nmay have a thickness in the range of from1.0 to 50 mls.

In a preberyed: ewbadi SRt i, GAAO0IINIR NS sPEBS€Bkmi Phe e {IPANS F10mMA0 to 70
wt % and/ or the |ayer 20 has a thickness in the range of from1.0 to 15

mls | f PH@8fred, the outer layer 20 may be fornmed froma material

consi sti TBPQ%;J rong dﬁ?ﬁ{lfe’zzxgat %c "}{tli%%%%glt' ”kﬁg%?né@?a?f&ﬁ”&? fAreqpi a. Still

further, sire er layer roma nateri al
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The two |ayer c stem of present inyentjon ot have a
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The gadolinia | ayer
3C 1llustrate the penetration of molten silicate material into a

thermal barrier coating system having a 59 wt% gadolinia-
stabilized zirconia. FIG. 3B illustrates the penetration after a
15 minute exposure at 2200 degrees Fahrenheit. FIG. 3C
illustrates the penetration after three 5 minute cycles at a
temperature of 2200 degrees Fahrenheit. The reduced penetration
which is obtained with an outer layer of 59 wt% gadolinia
stabilized zirconia in accordance with the present invention is
readily apparent.

[0022] The coating 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 airfocils occurs.



5 20 will have sufficient thickness to formthe desired barrier phase.

[0021] FIGS. 2A - 2Cillustrate the penetration of nolten silicate materi al
into a thermal barrier coating having a single Ilayer of 7 W%
yttria-stabilized zirconia. FIG 2B illustrates the penetration after a 15

m nut e exposure at 2200 degrees Fahrenheit. FIG 2C shows the penetration
after three 5 mnute cycles at a tenperature of 2200 degrees Fahrenheit.
FIGS. 3A - 3Cillustrate the penetration of nolten silicate material into a
thermal bhaam eg coatiAg system having a 59 wt % gadol i nia- stabilized
zirconia. FIG 3B illustrates the penetration after a 15 m nute exposure at
2200 degrees Fahrenheit. FIG 3C illustrates the penetration after three 5

m nute cycl espat,@apihe r Fahrenheit. The reduced
LB AT hoc T outBr Ty

penetration whic ined w r of 59 wt % gadolinia
stabilized Z|rcon|a |n accor dance mnth the present invention is readily
appar ent. [0022 atlng of the present invention is an advantageous

t her mal barrlgr g ﬁg Systemthat resists the penetration of nolten
silicate naterlal The coating system provides enhanced durability in
environnments where sand induced distress of turbine airfoils occurs. 6 WHAT
| S CLAI MED | S2 YitAilgpebihel 2agd nel eerficherna tdewprpeiligd over said

substrate; and
a molten silicate resistant outer layer.

2. The turbine engine component according to claim 1, wherein

said substrate has a metallic bondcoat applied thereto.

3. The turbine engine component according to claim 2, wherein
said metallic bondcoat is selected from the group consisting of

a platinum-aluminide coating and an aluminide coating.

4. The turbine engine component according to claim 1, wherein
said outer layer is formed from an oxide 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, titanium and mixtures thereof.

5. The turbine engine component according to claim 1, wherein

the outer layer is formed from a gadolinia stabilized zirconia.

6. The turbine engine component according to claim 5, wherein
said gadolinia stabilized zirconia consists of from 25 to 99.9

wt% gadolinia and the balance zirconia.



a substrate; a yttria-stabilized zirconia coating applied over said
substrate; and a nolten silicate resistant outer |ayer. 2. The turbine
engi ne conmponent according to claim1l, wherein said substrate has a
metal | i c bondcoat applied thereto. 3. The turbine engi ne conponent according
to claim?2, wherein said netallic bondcoat is selected fromthe group
consisting of a platinumalumnide coating and an al um nide coating. 4. The
t urbi ne engi ne conponent according to claiml1, wherein said outer layer is
formed froman oxide selected fromthe group consisting of |anthanum
cerium pr.asendysntpind ety it fondd iRt Ricddr dSAFREbUATL a €Ml DPi Wildrein
gadolinium terbium dysprosium _ holmum, erbium thuliu ytterbium

| ut et i umtR&cQHAFEM YR P TARIDA LR 2hafABENTORPPRAN inf aREChEXt tF S

thereof. the IRBubUELHDEsENGS Nor COMRONAR!, 26eRARd NgnkotLah My Iangherein the
outer layer i's formed froma gadolinia stabilized zirconia. 6. The turbine

engi ne cerponéntompenedt neomRr k3 diamaB, lshasteione saidegadbeéchéd Sremitheed

zi rconi a _caonsi g%ﬁag%tiron&g%atrgth%%u% wt %.gadol i ni aognd.the bal ance

zi rconi a3*7"y. ur by ne engi ne coﬁpéﬁgﬁtmécES?aany?éu@[a?%? YOWHET ei n

t he out eprbaygehiius, f ameei dmomardgingt, ceapaiaitinsekteebednf r@psptbhei gi,oup
consisting_of zirconia, hafnia, and titania and a, second conponent
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8. The turbine engine component according to claim 1, wherein
said outer layer has a thickness in the range of from 1.0 to 50

mils.

9. The turbine engine component according to claim 1, wherein
sald outer layer has a thickness in the range of from 1.0 to 15

mils.

10. The turbine engine component according to claim 1, wherein
sald yttria-stabilized zirconia coating consists of from 4.0 to

25 wt% yttria and the balance zirconia.

11. The turbine engine component according to claim 1, wherein
said yttria-stabilized zirconia coating consists of from 6.0 to

9.0 wt% yttria and the balance zirconia.

12. The turbine engine component according to claim 1, wherein
said yttria-stabilized zirconia coating has a thickness in the

range of from 3.0 to 50 mils.

13. The turbine engine component according to claim 1, wherein
said yttria-stabilized zirconia coating has a thickness in the

range of from 5.0 to 15 mils.



pronet hi um samarium europium gadolinium terbium dysprosium holmum
erbium thulium ytterbium lutetium scandium and indiumas a stabilizing
el enent. 8. The turbine engi ne conmponent according to claiml1, wherein said
outer layer has a thickness in the range of from1.0 to 50 mls. 9. The
tur bi ne engi ne conponent according to claim1, wherein said outer |ayer has
a thickness in the range of from1.0 to 15 mls. 10. The turbine engi ne
conponent according to claiml1l, wherein said yttria-stabilized zirconia
coating consists of from4.0 to 25 w%yttria and the bal ance zirconia. 11.
The turbine engi ne conponent according to claim1l, wherein said
yttria-stabilized zjrconia ¢coating consists of from6.0 to 9.0 wt%yttria

and the Ddi-adfé FFRARFaSRIdNe TRIMRAH ine EiRgidHe e dRp6heatt decBhEFAyto

claim1, sher eubstsakd Yt Ebansd abidd 28 A G0N &aQ3kiA0 rhas %héhl[;%@ﬁss in
the range of from3.0 to 50 mls. 13. The turbine engi ne conponen

accor di n¢eicitanm of aheiekal lsased yaltldwa- st asibailzedpaziedcenilayeoating has a
thi cknesg, Jjn btd'ég;umr g?ggdogl Bg,m 28 3o 45 m s, 8 A4, 1hg turbine engine
I ng mi’ d b

conponent accor o cl ai wherei n ~sai Strdte rs formed from a
material selected fromthe group consisting of a nickel based alloy, a

cobal t b%%Fd all oy, a nnlgbdenunlbased all oy, and a titanium based al | oy.
. A coatlng systém comprising

a layer of yttria-stabilized zirconia; and
a molten silicate resistant outer layer.

16. The coating system of claim 15, further comprising a

metallic bondcoat.

17. The coating system of claim 16, wherein said metallic
bondcoat is selected from the group consisting of a platinum

aluminide coating and an aluminide coating.

18. The coating system of claim 15, wherein said outer layer
consists of an oxide selected from th§ group consisting of
lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium, scandium, indium,

zirconium, hafnium, titanium, and mixtures thereof.

19. The coating system according to claim 15, wherein the outer

layer is formed from a gadolinia stabilized zirconia.

20. The coating system according to claim 19, wherein said
gadolinia stabilized zirconia consists of from 25 to 99.9 wtS%
gadolinia and the balance zirconia.
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15. A coating systemconprising a |layer of yttria-stabilized zirconia; and

a nolten silicate resistant outer layer. 16. The coating system of claim 15,
further conprising a netallic bondcoat. 17. The coating system of claim 16,
wherein said netallic bondcoat is selected fromthe group consisting of a

pl ati num al um ni de coating and an al um nide coating. 18. The coating system
of claim 15, wherein said outer |layer consists of an oxide selected from
the group consisting of |anthanum cerium praseodynm um neodyni um
pronet hi um samarium europi um gadolinium terbium dysprosium holm um
erbium thulium ytterbium lutetium scandium indium zirconium hafnium
titanium and m xtures thereof. 19. The coating system according to claim

15, wherekn I i f doki nj ilized zirconi a.
20 The 200, FRE Q8 Plng | Qe MIUMAS kAT TGRS DAL PLER SA R T
stabi |l i zettziireshalai tonsd st srafnfa ama2ingo c88s9swk Yo £ gadahi i @ and2 he

bal ance zirconja, 9 21. Th oati ng .system according to claim15, wherein
said yt f"Fl/"ayE]fﬁb?l?’} d“B5 r agrﬁrhcec%&tgilcﬁéu&nsi sts of from4.0 to 25 w%
yttria and the bal ance zirconia. 22. The coating system according to claim
15, wherein said yttria-stabilized zirconia coating consists of from6.0 to
9.0 wo%yttFha apdtime PallRitefarednidato claim 15, wherein said

yttria-stabilized zirconia coating consists of from 6.0 to 9.0

wt% yttria and the balance zirconia.

23. The coating system according to claim 15, wherein said
molten silicate resistant outer layer consists of a first
material selected from the group consisting of zirconia, hafnia,
and titania and a stabilizing element selected comprising at
least one oxide selected from the group consisting of lanthanum,
cerium, praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,

ytterbium, lutetium, scandium, and indium.

24. A method for providing a component with protection against

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

depositing a layer of a yttria-stabilized zirconia material

on the substrate; and

forming a molten silicate resistant outer layer over the

yttria-stabilized zirconia material.

25. The method according to claim 24, further comprising

applying a metallic bondcoat to said substrate.

10



23. The coating system according to claim 15, wherein said nolten silicate
resi stant outer |ayer consists of a first material selected fromthe group
consisting of zirconia, hafnia, and titania and a stabilizing el ement

sel ected conprising at |east one oxide selected fromthe group consisting
of lanthanum cerium praseodym um neodym um pronethium samarium
europium gadolinium terbium dysprosium holmum erbium thulium
ytterbium lutetium scandium and indium 24. A nmethod for providing a
conponent with protection against sand related distress conprising the
steps of: providing a substrate; depositing a |layer of a yttria-stabilized
zi r coni a 4fat efihgl meghothacsabdinat o @kalinf ¢iov ndpexenwl sendsimkitgat &écr esi st ant

outer | ayer over ria-stabilized zir i riial,. 25. Th t hod
oo di aungReRl BB YT LRS! bt P64k ASAUNR ThEhh s o PonfBgale NOY
sai d substalaeedl@rdn. thbegpretbodoreror gt @ ¢llaitin2m-awhenatdesai d

nmetallic bondcoat applying,step conprises applying a netallic bondcoat
selected‘?QQthghéngrBﬂpa&BﬂéPég?nﬁo%ﬁl%ﬂ1ﬂ ati num al umi ni de coating and an
al um ni de coating. 27. The nethod according to claim 24, wherein said nolten
silicate resistant outer layer form ng step conprises depositing a |layer of
an oxi de Zlel teethethom eheoydbup tonsiatn i ofwheargimhsadm meéitenm

praseOdy@ff?ca@%oqggﬁgghngr8H€épiPg}er forming step comprises depositing

a layer of an oxide 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, titanium, and mixtures thereof over the

yttria-stabilized zirconia material.

28. The method according to claim 24, wherein said molten
silicate resistant outer layer forming step comprises depositing
a layer of gadolinia stabilized zirconia over the yttria-

stabilized zirconia material.

29. The method according to claim 28, wherein said gadolinia
stabilized zirconia depositing step comprises depositing a
material consisting of from 25 to 99.9 wt% gadolinia and the

balance zirconia.

30. The method according to claim 28, wherein said gadolinia
stabilized zirconia depositing step comprises depositing a
material consisting of from 40 to 70 wt%® gadolinia and the

balance zirconia.

31. The method according to claim 24, wherein said molten

silicate resistant outer layer forming step comprises depositing
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samari um europium gadolinium terbium dysprosium holmum erbium
thulium ytterbium lutetium scandium indium zirconium hafnium
titanium and m xtures thereof over the yttria-stabilized zirconia
material. 28. The method according to claim 24, wherein said nolten
silicate resistant outer layer formng step conprises depositing a |layer of
gadolinia stabilized zirconia over the yttria- stabilized zirconia material.
29. The nmethod according to claim 28, wherein said gadolinia stabilized

Zi r coni aa depgst té NG=AA GNP Fasodeposi bt A1gi Bi z 4@t £1 1 @dn iCONSBgng of from
25 to 99.9 wt % gadolinia and the balance zirconia. 30. The nethod according
to cl ai nt2BESKRGEY 6ith (% FagaGolrinifaomst abi FP z2W BT e depositttitig st ep

conpri sest geppsidd NG @ ontat eikal-i6ensi sting of from40 to 70 wt % gadol i ni a
and the balance zirconia. 31. The nmethod according to claim 24, wherein
said nolten silicate resistant outer |ayer form ng step conprises

deposi ti of dolinia or.gadolinia stabilized .zirconia having
a thi ck%%'ssﬁ%en tgyo(r%{ar?é:eco%?lg o%ol.cgaf‘o g ! n‘?’nkllé:reolvnerééfjh% Hi/%]tztreina- stabilized
zi rconi asihi e tal res3izdtabte omiehod ageeordrmgnd Os €@l danddk; 1 sdrereigvssaiicignol t en
silicate resistant outer |ayer form ng step conprises depositing a |ayer
conpri si Agt@Y$y r M Romsti% Fert LSél 88?%8”&’1‘ Mt%&%ﬁ' L1 FhShG [P usY

Zirconia@oﬁ@ﬁ§ﬂfhgfﬂﬁjﬂﬂﬂdﬁﬂﬁ%,aﬂgfﬁi§§aghbigiﬂ&nia and a stabilizing
element comprising at least one oxide selected from the group
consisting of lanthanum, cerium, praseodymium, neodymium,
promethium, samarium, europium, gadolinium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium, lutetium, scandium, and

indium.

33. The method according to claim 24, wherein said yttria-
stabilized zirconia coating depositing step comprises depositing
a material consisting of from 4.0 to 25 wt% yttria and the

balance zirconia.

34. The method according to claim 24, wherein said yttria-
stabilized zirconia coating depositing step comprises depositing
a material containing from 6.0 to 9.0 wt% yttria and the balance

zirconia.

35. The method according to claim 24, wherein said yttria-
stabilized zirconla coating depositing step comprises forming a

coating having a thickness in the range of from 3.0 to 50 mils.
36. The method according to claim 24, wherein said substrate

providing step comprises providing a substrate formed from a

nickel based alloy.
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el ement conprising at | east one oxide selected fromthe group consisting of
| ant hanum cerium praseodym um neodym um pronethium samarium europi um
gadol i nium terbium dysprosium holmum erbium thulium ytterbium
lutetium scandium and indium 33. The nethod according to claim 24,
wherein said yttria- stabilized zirconia coating depositing step conprises
depositing a material consisting of from4.0 to 25 wt% yttria and the

bal ance zirconia. 34. The method according to claim 24, wherein said yttria-

stabilized zifgoptensoal i NG HERPSJ IA1G %t 6B CONPELSES-HgpPsiihpg a material
containing from6.0 to 9.0 wt%yttria and the balance zirconia. 35. The

nmet hod according to claim24, wherein said yttria- stabilized zirconia

coating deposjti tep. co i.ses farmng a__coating having a thickness in
t he range of F;%Q?%$O§¥%§Eé¥¥%qﬁé%e §§EET%ecﬁgtﬁ83 gg%% %fhg to claim 24,
wherein said substrate providing step conprises providing a substrate

formed froma, nickel based alloy. 12 37. The nethod according to claim 24,

further conprPSfhyR9 PHECi P THi T SUbstSPafe CPALtONE EBATPRY ERafber; heating

sai d substhabeatirsaid €oatiNMychamsnat @730t eBpgpabure in the range of from
1700 to 2000F; maintaining pressure in said coating chanber at a pressure

in the range of from0.1 to 1.0 mllitorr; and

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 layer

and said molten silicate resistant outer layer.

38. A coating system for a component comprising an inner layer
formed from a yttria-stabilized zirconia and an outer layer
having a barrier phase of at least one of oxyapatite and garnet

to resist penetration of molten silicate material.

39. The coating system of claim 38, wherein said outer layer
consists of an oxide selected from the group consisting of
lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium, scandium, indium,

zirconium, titanium, hafnium, and mixtures thereof.

40. The coating system of claim 38, wherein said outer layer is

formed from gadolinia-stabilized zirconia.

41. The coating system of claim 38, wherein said outer layer is
formed from a first constituent selected from the group
consisting of zirconia, hafnia, and titania and a stabilizing

element comprising at least one oxide selected from the group

13



sequentially formng said yttria-stabilized zirconia |layer and said nolten
silicate resistant outer layer. 38. A coating systemfor a conponent
conprising an inner layer forned froma yttria-stabilized zirconia and an
outer layer having a barrier phase of at |east one of oxyapatite and garnet
to resist penetration of nolten silicate material. 39. The coating system of
claim 38, wherein said outer |layer consists of an oxide selected fromthe
group consisting of |anthanum cerium praseodym um neodym um promethium
samari um europium gadolinium terbium dysprosium holmum erbium

thul i um cyhtesbingn of uleitinimunscardiium, bRdsdddymzZihe Ooneddymihnani um

haf nium and m xtures thereof. 40. The coating, system of claim 38, wherein

sai d out BFOP&yRIURs SFR T rBRGATEY | ﬁ@éﬂoéﬁﬁblﬂi‘lr ZBATR VR orf WP AS L Uihe
coating gyshemhofcsbaim 3Gy el eiyt 1334 uRut %tle@Y@ﬂh i Scah@iuRd ffpm a first
constituent selected fromthe group consisting of zirconi a, hafnia, and
titani a andiamstabilizing elenent conprising at |east one oxide sel ected
fromthe group 13 consisting of |anthanum cerium praseodym um neodym um
pronet hi um samari um europi um gadolinium terbium dysprosium holmum
erbium thulium ytterbium lutetium scandium and indium 14
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