Dl SPERSI ON STRENGTHENED RARE EARTH STABI LI ZED ZI RCONI A BACKGROUND OF THE

| NVENTION (1) Field of the Invention [0001] The present invention relates to
a ceram c coating containing dispersion strengthened rare earth stabilized
zirconia to be applied to a turbine engine conponent and a nethod for
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high turbine stationary and rotating conponents. Zirconia has typically
been the base ceram c. Stabilizers have been added to prevent the
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tenperat gy e sl UL Phvdgt{ggonal phase. Early stabilizers such as 22
wt % nagnesi a were utilized, but as turbine tenperatures increased beyond
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deteriorated since nesia stabilized zirconia crystallographically
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barrier coatings attained a good bal ance between durability, i.e. thernma
oxidativ@e%WQdiégﬁ Semming tsuch @ ceamirging and phase stability;

mechani cal properties, i.e. fracture toughness, erosion resistance and
adherence; and thermal properties, i.e. thermal conductivity and thermal

expansi om) [®9034 st current engi ne nodel s continue to increase

tenperatures and warrant decreased conponent wei ght, advanced _ ceram cs are
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coating as-deseribhed 4 &, &M ¥Ye oW ombustors and high turbine

stationary and rotating components. Zirconia has typically
been the base ceramic. Stabilizers have been added to prevent
the deleteriocus phase transformation to the monoclinic phase
from the high temperature stable cubic or tetragonal phase.
FEarly stabilizers such as 22 wt% magnesia were utilized, but
as turbine temperatures increased beyond 1900 degrees
Fahrenheit, the durability of the magnesia stabilized zixrconia
deteriorated since magnesia stabilized zirconia
crystallographically destabilizes above 1750 degrees
Fahrenheit. Compositional improvements led to a 7 wt% yttria
stabilized zirconia. With this composition, thermal barrier
coatings attained a good balance between durability, i.e.
thermal oxidative cycling; stability, i.e. gintering and phase
gtakility; mechanical properties, i.e. fracture toughness,
erogion resistance and adherence; and thermal properties, i.e.
thermal conductivity and thermal expansion.

[0003] As current engine models continue to increase
temperatures and warrant decreased component weight, advanced
ceramics are being pursued. A zirconia based coating, such as
a gadolinia-zirconia coating as described in commonly owned
U.S. Patent No. 6,177,200 has been developed which provides a

reduced thermal conductiwvity ceramic thermal barrier coating.



U S. Patent No. 6,177,200 has been devel oped which provides a reduced
thermal conductivity ceramc thermal barrier coating. 1 However, such
coating woul d benefit frominproved nechani cal properties, such as fracture
t oughness and erosion resistance. SUMVARY OF THE | NVENTI ON [ 0004]
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containing the inproved coating conposition. [0006] The foregoing objects

are attained by the present gummeRt i 700Nt ggcordance with a first
aspect of the present invention, a process for formng a coating on a
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[0006] The foregoing objects are attained by the present
invention.

[0007] In accordance with a first aspect of the present
invention, a process for forming a coating on a substrate,
such as a turbine engine component, is provided. The process
comprises the steps of: providing a first rare earth oxide
stabilized zirconia composition; providing a second
composition selected from the group consisting of a yttria
stabilized zirconia composition, a ceria stabilized zirconia
composition, alumina, a chromia-alumina composition, a
gadolinia stabilized zirconia composition, and mixtures
thereof; blending the first rare earth oxide stabilized
zirconia composition with the second composition to form a
blended powder; and depositing the blended powder onto the
substrate. In a preferred embodiment of the present invention,
the rare earth oxide stabilized zirconia compositions contain
at least one rare earth oxide and the rare earth oxide or
oxidegs are present in a minimum amount of 5.0 wt% total.
[0008] In accordance with a second aspect of the present
invention, an article is provided which comprises a substrate
and a coating deposited on the substrate. The coating is
formed from a first rare earth oxide stabilized zirconia

powder blended with a second powder selected from the group



oxi des are present in a mninmmanount of 5.0 wt%total. [0008] In
accordance with a second aspect of the present invention, an article is
provi ded whi ch conprises a substrate and a coating deposited on the
substrate. The coating is forned froma first rare earth oxide stabilized
zirconi a__powder bl ended with a second wder selected fromthe group 2
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stabilized zjrconia conposition and m xtures thereof. [0009] other details
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coati ngs | I |l as other objects and advant ages
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FIG 2 shows relative.thermal barrier coating erosion life for a plasm
sprayed,a%%ﬂm?wjéi%t%wlﬁezed zirconia coating and for a plasma sprayed,

di spersion strengthened powder coating having 55 wt % gadolinia stabilized

zirconia and 4 - 25 wt% yttria stabilized zirconia, mxed in proportions of
80 wt % of the first pdVfT BEICRIPTRON F (HE JEFIHNGOder .

[0010] FIG. 1 shows relative thermal barrier coating
spallation life for a plasma spraved, gadolinia stabilized
zirconia coating and for a plasma sprayed, dispersion
strengthened powder coating having 55 wt% gadolinia stabilized
zirconia and 4 - 25 wt% yttria stabilized zirconia, mixed in
proportions of 80 wt% of the first powder with 20 wt% of the
gsecond powder; and

[0011] FIG. 2 shows relative thermal barrier coating erosion
life for a plasma sprayed, gadolinia stabilized zirconia
coating and for a plasma sprayed, dispersion strengthened
powder coating having 55 wt% gadolinia stabilized zirconia and
4 - 25 wt% yttria stabilized zirconia, mixed in proportions of

80 wt% of the first powder with 20 wt% of the second powder.

DETAILED DESCRIPTION OF THE PREFERRD EMBODIMENT (S)
[0012] In accordance with the present invention, a low thermal
conductivity coating is provided which utilizeg a dispersion
strengthening mechanism. The coating includes at least two
powders that are blended mechanically, alloyed, or by other
means, prior to being deposited onto a substrate, such as a
turbine engine component. As used herein, the term “blended”
refers to blending, mixing, and/or combining the at least two

powders.



DETAI LED DESCRI PTI ON OF THE PREFERRD EMBODI MENT(S) [0012] In accordance with
the present invention, a low thermal conductivity coating is provided which
utilizes a dispersion strengthening mechanism The coating includes at
| east two powders that are bl ended nechanically, alloyed, or by other
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conponent. As used herein,” the term"bl ended” refers to blending, mxing,
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The iridium oxi de
limited to lanthanum oxide, cerium oxide, praseodymium oxide,
neodymium oxide, promethium oxide, gamarium oxide, europium
oxide, terbium oxide, dysprosium oxide, holmium oxide, erbium
oxide, thulium oxide, ytterbium oxide, lutetium oxide, and
mixtures thereocf. Other oxides which may be used in the first
powder composition may include at least one of iridium oxide
and scandium oxide. One or more of these oxides may be used in
lieu of yttria oxide or in addition thereto. The iridium oxide
and/or scandium oxide may be present in an amount ranging from
10 wt% to 80 wt%.
[0014] In a preferred embodiment, the first powder composition
consists of 40 wt% gadolinia, 7 wt% yttria, and the balance
zirconia.
[0015] The constituents forming this first powder are
preferably mixed together during powder fabrication to produce
a gingle phase product. Coatings produced from this powder
have 50 - 60% of the thermal conductivity of air plasma-
sprayed 7% ytrria stabilized zirconia (¥SZ), as well as good
phase stability, improvements in fracture toughness and
increase in spallation life.
[0016] The first powder is blended mechanically, alloyed, or

by other means, with a second powder. The second powder may be



and/ or scandi um oxi de may be present in an anount ranging from 10 wt%to 80
w% [0014] In a preferred enbodinent, the first powder conposition

consists of 40 wt% gadolinia, 7 ww% yttria, and the balance zirconia.

[ 0015] The constituents formng this first powder are preferably m xed
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W% to 60,9 Weds RL&RSAEDI YREr oM 29 Luder may be 4.0 - 25.0 wt: ¥SZ
(yvttria stabilized zirconia}. Alternatively, the second powder
may be ceria stabilized zirconia having a composition
congsisting of from 5.0 wt% to 60.0 wt%, preferably from 5.0 to
30.0 wt%, ceria, from 0.5 wt% to 5.0 wt% hafnia, and the
balance zirconia. In a preferred embodiment, the ceria
stabilized zirconia has a composition consisting of 21.4 wt%
ceria, 1.5 wt% hafnia, and the balance zirconia. Still
further, the second powder may have a composition consisting
of from about 10,0 wt% to 80.0 wt% gadolinia, preferably 15
wt% gadolinia, and the balance zirconia. The gadolinia
stabilized zirconia powder has the added benefit of being able
to decrease the thermal conductivity of the coating further
through increased amounts of gadolinia without sacrificing
fracture toughness. In another embodiment of the present
invention, the second powder may be alumina or chromia-
alumina, wherxe the chromia has a composgition ranging from 5.0
to 40.0 wt% alumina with the remainder chromia.
[0017] All of the aforementioned second powders, when blended
with the first powder, provide increased toughness to the
coating, which transglates into increased spallation life (see
FIG. 1) and erosion resistance (see FIG. 2) when compared to

coatings of the first powder composition alone.



30.0 % ceria, from0.5 t%to 5.0 wt% hafnia, and the bal ance zirconia.
In a preferred enbodinent, the ceria stabilized zirconia has a conposition
consisting of 21.4 wt% ceria, 1.5 w% hafnia, and the bal ance zirconia.
Still further, the second powder may have a conposition consisting of from
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ranging from1.0 wt%to 20 wm %
the range of from 10.0 microns to 125 microns.
[0020] The first and second powders are blended so that the
first powder forms from 50 wt% to 90 wt% of the coating powder
and the second powder forms from 10 wt% to 50 wt% of the
coating powder. In a preferred embodiment, the first powder is
present in the amount of 80 wt% and the second powder is
present in the amount of 20 wi%.
[0021] The powders are blended together prior to deposition so
as to increase the fracture toughness of the resulting
coating. The final coating, made from the mix of the first and
second powders, has a two phase microstructure with low
thermal conductivity and equal to better spallation resistance
compared to coatings made with the second powder composition
alone. In the case of gadolinia stabilized zirconia mixed with
a yttria stabilized powder, the microstructure has tetragonal
YSZ in a cubic GSZ matrix. When two powderg are usged to form
the coating, the final coating has the same percentage of the
two powders. For example, if the coating is formed using 80
wt% of the first powder and 20 wt% of the second powder, the
final coating will have 80 wt% of the first powder and 20 wt%

of the second powder. The conductivity of the final coating is



[0019] Both the first and second powders each have a particle size in the
range of fromb5.0 to 250 mcrons, preferably in the range of from 10.0
mcrons to 125 microns. [0020] The first and second powders are bl ended so
that the first powder forns from50 wt%to 90 wt % of the coating powder
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coatings typically fail within the ceramic, adjacent to the

bond coat interface, strengthening the ceramic as done herein
will lead to improved oxidation durability lives on the order
of 4 - 5X as ghown in the figure attached hereto. The use of
yttria stabilized zirconia as a strengthening agent enables
higher weight percentages of the relatively weaker gadolinia
zirconia system to be used to further reduce the coating
thermal conductivity without detriment to coating spallation
life.

[0024] Articles which can be provided with the coatings of the
present invention include, but are not limited to, combustor
components, high pressure turbine vanes and blades, tips,
cages, nozzles, and seals.

[0025] The coatings of the present invention may be applied to
any component of an engine requiring a thermal barrier
coating/abradable system or a clearance control system.

[0026] An additional benefit of the low thermal conductivity
of the coatings of the present invention is that the coating
can be applied at lower thicknessesg, thereby saving weight
while maintaining equivalent thermal protection as compared to

conventional coatings.



densified. [0023] After the blending operation has been conpleted, the two
powders may be deposited on a substrate using any suitable technique known
in the art. For exanple, the powder may be plasma spray deposited on the
substrate or may be applied using EB-PVD techniques. Since plasma sprayed
thermal barrier <coatings typically fail within the ceramc, adjacent to the

bond CanO(ﬁﬁ]erfI‘ﬁ%eco%‘tﬁ%P%t henichg bHhesearafheeas idenadeerginegn Il lead to
i mproved oxidation durability lives on the order of 4 - 5X as shown in the
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Articles which can be provided with the_coatings of the_ present invention
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Coatingsage?ﬂﬁsﬁiér?@hffgtgégbflized zirconia, alumina, chromia-
alumina, silicon carbide, silicon nitride, and mixtures
thereof. The additional layers may improve spallation, erosion
and environmental registance of the coating. When the
additional layer is deposited over the substrate, a bond coat
layer formed from any suitable material known in the art may
be positioned intermediate the additional layer and the
substrate.
[0029] It is apparent that there has been provided in
accordance with the present invention a dispersion
strengthened rare earth stabilized zirconia which fully
satigfies the objects, means, and advantages set forth
hereinbefore. While the present invention has been described
in the context of specific embodiments thereof, other
alternatives, modifications, and variations will become
apparent to those skilled in the art having read the foregoing
description. Accordingly, it is intended to embrace those
alternatives, modifications, and variations, as fall within

the broad scope of the appended claims.



di spersed second phase which inproves coating toughness. [0028] If desired,
the article containing the coating of the present invention may have an
additional |ayer deposited on the substrate, beneath the coating forned by
the bl ended powders, i.e. as a ceram c bond coat, and/or an additional

| ayer de It of .the coating. Each additional |ayer may have a
thicknes@ﬁﬁﬁ ?gegﬂéﬁggDo%Sfron1o.0005 to 0.009 inches and may be forned

fromyttria stabilized zirconia, such as 7.0 wt% yttria stabilized
zirconia, alumna, chrom a- alumna, silicon carbide, silicon nitride, and
i xt ur es®-t RePEBFESThECHIEPETORTI 2l SpeFinfaphi ApFYPELEPARI SOMBR1SdFgsi on
and envigﬁgngggﬁh Lesi stance of the coating. Wien the additional layer is
deposi ted over e substrate, a bond coat |ayer fornmed fromany suitable
material known in the art may be positioned internmedi ate the additional

| ayer and the_ substrate. [0029] It is parent that .there has been provi ded
in accordancBr@it lPﬁeapF£§§ﬁtLFﬁﬁeﬁFFgE 2*d ?p@F?F&hlz§%r§ﬁ§Fﬁgﬁ@d rare
earth stabpbbzedighrconia which fully satisfies the objects, neans, and
advantages set forth hereinbefore. Wiile the present invention has been

described in the context of specific enbodi ments thereof, other
alternatives, gngigicatiogs agd variag%ggs %% g ge%pggo ap %regl to those
skilled in th8 &'t ﬁﬁgiﬁg FESY tﬁngSFe90|Hg &§ Flp o ccgfgpﬁbly, it
is intendedstotenhr ageat peseiaaktabiatbeas ziedhibCabin@d$itang,vari ations,
as fall within the_broad scope of the appended clains. 8 WHAT | S CLAI MED
|S: 1. AcprééessabaligsEnEagCanésacPRgCshLaCBubst HALEa oA CNFOHG 2 -

alumina composition, a gadolinia stabilized zirconia

composition and mixtures thereof;

blending said first rare earth stabilized zirconia
composition with said second composition to form a blended

powder; and
depogiting said blended powder onto said substrate.

2. A process according to c¢laim 1, wherein said first rare
earth oxide stabilized zirconia composition providing step
comprises providing a yttria and zirconia composition
containing a rare earth oxide selected from the group
consisting of lanthanum oxide, cerium oxide, praseodyium
oxide, neodymium oxide, promethium oxide, samarium oxide,
europium oxide, gadolinium oxide, terbium oxide, dysprosium
oxide, holmium oxide, erbium oxide, thulium oxide, ytterbium

oxide, lutetium oxide, and mixtures thereof.

3. A process according to claim 1, wherein gaid first rare
earth oxide stabilized zirconia composition providing step
comprises providing a zirconia composition containing a rare

earth oxide selected from the group consisting of lanthanum



the steps of: providing a first rare earth oxide stabilized zirconia
conposition; providing a second conposition selected fromthe group
consisting of a yttria stabilized zirconia conposition, a ceria stabilized
zirconia conposition, alumna, a chrom a- alum na conposition, a gadolinia
stabilized zirconia conposition and m xtures thereof; blending said first

rare eardh; sd abid i zed Zk{LONI G5 SOTPORIEh W Md N 5848 REGANGx £QEPOSi tion to
forma blended powder; and depositing said bl ended powder onto said

subst r ateromthijumpraceds, asaordiwy ¢oidd ai emdop wrerexhdsai dafldot shivar e
earth oxidqutqgilgzed zir onigyco ositign.grovig&ng%%tgg. congéise%
providiﬁﬁx%.?tt T2 HWhE 21 Coni & Eonpositi oht %bﬁ?atﬂ g a %%?e ea?%% oxi de
sel ect edot 1@ theu @ Pox LS| Bt t e Dim | ot dapum ot dem €LLdaM gxdde,
praseodyi um oxi de, neodym um oxi de, pronethium oxi de, samarium oxi de,

eur opi UMb ¢ees adTeRf um oxi de, terbium oxi de, dysprosium oxide, hol nium
oxi de, erbium oxide, thulium oxide, ytterbium oxide, lutetium oxide, and

m xtures thereof. 3. A process according to claiml1l, wherein said first rare
earth oxd dea spabid sz etlczéordiony atconposnti prwipe oyl i agidt Eprsconpreses

providing a zirconjga copposition containjng a rare, _earth oxi de sel ected
fromt heg@?%ps"c%ﬁﬂsfjsﬁ 07 DY CPRMR ST S Bt B3RP RO %L1 1i%h B%FReCOPPRLES Y N um

oxi de, n&agyﬂa_ 0xi &eqo1 P PARL AWM OXbgley | SANRL 4 UBbpdk AecoRfPEEPE van 0Xi de,
gadol i ni'um oxi de, terbium oxide, dysprosium oxide, holm um oxide, erbium

oxi de, thulium oxide, ytterbiumoxide, |lutetium oxide, and

5. A process according to claim 4, wherein said gadolinia
stabilized zirconia composition providing step comprising
providing a composition consisting of 10 to 80 wt% gadolinia,

4.0 to 25 wt% ytrria, and the balance zirconia.

6. A process according to claim 1, wherein said second
composition providing step comprises providing a 4.0 to 25 wtd

yttria stabilized zirconia.

7. A process according to claim 1, wherein said second
composition providing step comprises providing a ceria
stabilized zirconia composition consisting of 5.0 to 30 wt%

ceria, 0.5 to 5.0 wt% hafnia, and the balance zirconia.

8. A process according to claim 1, wherein said second
composition providing step comprises a gadclinia stabilized
zirconia consisting of 10 to 80 wt% gadolinium oxide and the

balance =zirconia.

9. A process according to claim 1, wherein said second
composition providing step comprises a gadelinia stabilized
zirconia consisting of 10 to 80 wt% gadolinium oxide or other
rare earth oxide selected from the group consisting of

lanthanum oxide, cerium oxide, praseodymium oxide, neodymium

10



m xtures thereof. 4. A process according to claim1, wherein said first rare
earth stabilized zirconia conposition providing step conprises providing a
gadolinia stabilized zirconia powler conposition. 5. A process according to
claim4, wherein said gadolinia stabilized zirconia conposition providing

step co | L n r owvi di nm, C ti wt %
gadol i mnch C§é4’. %%%n%%r&g?/%cgga ggar{ﬁdl!-% %gfa%ce&%: ré%%?aéQ%gQA process
accor di ngetioiwh abxmds, Mw@fdssmdoﬁm‘,@nmohmim@smii@@ p&pl i tihngx Sdep
conprises providing.a 4.0 to 25 wt% _yttria stabilized zirconia. 7. A

process GRCHYHR gt cI%‘F?ﬁﬁbl’d\%eﬁ’%}‘ﬁe sat W St YRPE*tIPpo3Tti B HFEP di ng

step conpidsgssproviding a ceria stabilized zirconia conposition consisting
of 5.0 to 30 wt% ceria, 0.5 to 5.0 wt% hafnia, and the bal ance zirconia. 8.
A process accor ding to claiml1, wher ein said second conposition providing

step co IS adolinia tabl coni a _cpnsi st of ;10 to_80 w %
gadol i nlnﬁén ‘g‘:ﬁﬁist%% Jrré%ctéo z‘F %Jorpnii ‘gneﬂe o%%%@n}g%%%‘flﬁ?%g £ cl ai m
1, Mer%émﬁﬁigb@a@mmlﬁ@n@@ﬁatt% @csr@ywimor@t% €RNPrises figadolinia
stabilized zirconia consisting of 10 to 80 w % gadol i ni um oxi de or ot her

rare ear®PmeRsdeler| b2trieesenin ihetlye ctpngonet sirem 99 wiintpahlnvoki de,
cerium oxi ge, é’r&?g 19&'@&@(8&91(3?ne%d%n%é‘éﬁg‘olr?xtkqg rgﬁﬁg‘%l_&“ HP&RXL?

samar i um oxi eur opi um m oxi de,  dysproSium oxi de

oxi de, e;mb%tmoa@ decs. thul i um oxi de, ytterbi um oxi de | ut eti um oxi de, and

m xtures thereof. 10. A process according to claim1, wherein said bl ending
step

11. A process according to claim 1, wherein said blending step
compriges blending said two compositions so that said first
composition is present in an amount of 80 wt% and the second

composition ig present in an amount of 20 wt%.

12. A process according to claim 1, wherein said first
composition providing step comprises providing said first
composition in powder form having a particle size in the range
of 5 to 250 microns and wherein said second composition
providing step comprises providing said second composition in
powder form having a particle size in the range of 5 to 250

microns.

13. A process according to claim 1, wherein said depositing
step comprises depositing saild powders onto a turbine engine
compoenent.

14. A process according to claim 1, further comprising:

providing a third powder composition for altering coating

microstructure to increase porosity; and

11



conprises blending said two conposition so that said first conposition is
present in the range of from50 wt%to 90 wt% and the second conposition is
present in the range of from1l0 w%to 50 wt% 11. A process according to
claiml1, wherein said blending step conprises blending said two
conpositions so that said first conposition is present in an anmount of 80

wt % and the s d it I { - . 50 0 . A
process accor drag Pacora s r-ehnePIPRIaENy plelR: AT iR atbtatE ot ep
conpri sescppowiiting wact Brist ficenpesdt senond powgersitdaomshavi ng a particle
size in the range of 5 to 250 mcrons and wherein said second conposition
provi ding step conprises providing said second conposition in powder form

havi ng ajpar ki Fk@c&béeabeo&a@ngaﬁaecqataiﬁ_ §0,208eralier @BSd tRird RPLRGRSS
according to claim1, wherein Said depositing step conprises depositing

sai d powdempositdon pupliidénangitae covppdrest ProFidAngr ecédd racvowdierg t o
clain11,wkg5 her co rE%LQ%: .?rgv%din% %rthird powder conposition for
altering coa iﬁS m CFOS rucgﬁ 86 PﬁcgeaSe porosity; and 11 said bl ending
step conprising blending said third powder conposition with said first and
second conpositions. 15. A process according to claim 14, wherein said third
powder &8npdsPEPERSEr BFFATAGNSt EF EoApHI 48s pREVRANN§d % FibAddpBRHELT whi ch
is a fuglt] LLuen A a i t l.aj 4, wherein
sai d th PO g E g B e & RSy & powder
sel ect edstilenttle fgpouphef gpohypestfepodgdsaerybnd segiylic resin

powders.

17. A process according to claim 1, further comprising
depositing a layver of a material selected from the group
congisting of vyttria stabilized zirconia, alumina, chromia-
alumina, sgilicon carbide, gilicon nitride and mixtures thereof
on said substrate prior to said blended powder depositing

step.

18. A process according to claim 1, further comprising
depogiting a layer of a material selected from the group
consisting of yttria stabilized zirconia, alumina, chromia-
alumina, silicon carbide, silicon nitride and mixtures thereof
on said deposited blended powder after said blended powder

depositing step.

19. A process according to claim 18, further comprising
depositing a layer of a material selected from the group
congisting of yttria stabilized zirconia, alumina, chromia-
alumina, silicon carbide, silicon nitride and mixtures thereof
on said substrate prior to said blended powder depositing

step.
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powders. 17. A process according to claim1, further conprising depositing
a layer of a material selected fromthe group consisting of yttria
stabilized zirconia, alumna, chroma- alumna, silicon carbide, silicon
nitride and m xtures thereof on said substrate prior to said bl ended powder

depositing. atgRoct8s AcRHREESS %%CgﬂghﬁgltOwﬁb%bthsaﬁwrEH&%tCQ%E%J5'ng
depositing a layer of a material selected fromthe group consisting of

yttria seapthi ggddei stebildlzaburilrgondhr opnposaltdmrn@rogiiidisaen sé&ibi de,

11 oo aihebdecand mohyres ot De0egh s .90 s3udogenosihed landed poyder af ter

said blen pos tlng S rocess a cor t0o claim18,
further @@ﬁpﬁu&sngrodeabsutln@ &tlayersofwaﬁnaﬁe@taﬂesghecﬁﬁﬂcﬁ?on1the group
consisting . of yttria stahilized zirconia, alum na, chrom a- alumna, silicon
car bi de, 1&iFHEBN OXiAR @8GRIy 8XifRer eof on said substrate prior to
sai d bl ended powder depositing step. 12 20. A process according to claim1,
wherein said first rare earth oxide stabilized zirconia conposition
provi di nglst ep pcogpsssescprovingi fg alaﬁmbﬂliw@@rzﬁmcamﬁd.eﬁqmmdtion whi ch
cont ai ns fron1a out 10 mﬂg)to 80 wt% of at |east aqne of _iridium oxide and

scandiun15§?8§l 21 R*prdcess & EgrﬁpﬁﬁrﬁgeélgFﬁyi TRe F8° &8 second

conposi t iseBLRANQ¥kd RErebeR aCedRisii$es npf 0¥l disngrgadelddliiti upd dildez Ghd
zirconia consisting of 15 wt % gadol i ni um oxi de an t he bal ance zirconi a.

22. An attecbaleorpr rdiragnia.

22, An article comprising:
a substrate;
a coating deposited on said substrate; and

salid coating being formed from a first rare earth oxide
gstabilized zirconia powder blended with a second powder
selected from the group consisting of a yttria stabilized
zirconia composition, alumina, a chromia-alumina composition,
a ceria stabilized zirconia composgition, a gadolinia

stabilized zirconia composition and mixtures thereof.

23. An article according to claim 22, wherein said first rare
earth stabilized zirconia powder comprises a powder containing
an oxide selected from the group consisting of

lanthanum oxide, cerium oxide, praseodymium oxide, neodymium
oxide, promethium oxide, samarium oxide, europium oxide,
gadolinium oxide, terbium oxide, dysprosium oxide, holmium
oxide, erbium oxide, thulium oxide, ytterbium oxide, lutetium

oxide, yttrium oxide, and mixtures thereof.
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a substrate; a coating deposited on said substrate; and said coating being
formed froma first rare earth oxide stabilized zirconia powder bl ended
with a second powder selected fromthe group consisting of a yttria
stabilized =zirconia conposition, alumna, a chrom a-alum na conposition, a

ceria stapiljzed zirgconjia conpositio a olinia .stabilized zirconia
Conbost t7on M s TR e RerERs | Lotafn eV vi it Srhg' Fofererelhy
wher ei n swaleififsd £8Fconfarpbwdéabibmgetsas r £ oghdo POMLLr sEOPPL i 5€8 a powder
containing an oxide_selected fromthe group consisting of |anthanum oxi de,
ceri um ok O 1 RYEYHi um oxi de, neodyni um oxi de, pronet hi um oxi de,
samari um oxi de, europi um oxi de, gadolinium oxide, terbium oxide, dysprosium
oxi de, hol m um oxide, erbium oxide, thulium oxide, ytterbium oxide,

| ut eti un25 oxAmeartyi¢té vmrooadieng and olximrzs, theeeein 483id4gadnlaniacl e

according to.claim22, wherein said rare earth stabilized,zirconia powder
conpri seSCEPLEHETT rif S SPAET | ¢ W05 1 H0rF AUpHHER? . 4 28OMARSAF £PEl e aceor di ng

to clai mgdsiyhenei o Seh degagel Ihd agagbBbhld zed zbrgonyas coppesht i 8Ag
conprises a conposition consisting of 10 to 80 wt% gadolinia, 4 to 25 wm%
ytrria, &@me bakhengal aheeoriaconia. 26. An article according to claim 22,
wherein said second conposition conprises 4.0 to 25 wt% yttria stabilized
zirconia. 27. An article according to claim 22, wherein said second

CoONposi t2ON EONPFt BEBe da&€hi@isd abb| & ZL£0mz2 ¥ coMhar§OAPSSiHI 88cos@nsi sting of

5.0 to 30 wt%ceria, 0.5 to 5.0 w%hafnia, and .
compogition comprises 4.0 to 25 wt% vyvttria stabilized

zirconia.

27. An article according to claim 22, wherein said second
composition comprises a ceria stabilized zirconia composgition
congisting of 5.0 to 30 wt% ceria, 0.5 to 5.0 wt% hafnia, and

the balance zirconia.

28. An article according to claim 22, wherein said second
composition comprises a gadolinia stabilized zirconia
congigting of 15 wt% gadolinium oxide and the balance

zirconia.

29, BAn article according to claim 22, wherein said second
compogition comprises from 10 to 80 wt® gadolinium oxide and

the balance zirconia.

30. An article according to claim 22, wherein said first
composgition is present in an amcount in the range of from 50
wt% to 90wt% and the second composition is present in an

amount in the range of from 10 wt% to 50 wt%.
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t he bal ance zirconia. 28. An article according to claim 22, wherein said
second conposition conprises a gadolinia stabilized zirconia consisting of
15 wt % gadol i ni um oxi de and the bal ance zirconia. 29. An article according
to claim 22, wherein said second conposition conprises from10 to 80 w%

gadol i ni ym oxi de-@fith o thebAb AT Z1 ELOM &2 30V ALl § AEFOEding to

claim?22, wherein sald first conposition is present in an anmnount in the
range ofcdmmprs S0 ont 26 tmreda 9o Amdan hemswtonelt cdhpost taod tkepsesend in an
amount in the range of fromr}to wt %t o 501\{%% 1..An article according to

4 31..
cl ai m 2F OB P8 al b KT FEENT cohpdsi 379 so%rlye%e%?ﬁi n an anount of 80 wt %

and the second conposition is present in an anmount of 20 wt% 32. An
article according to claim?22, wherein said first conposition is in powder
f orm havihg &1 prrtiele aFo@rding heo ¢hmge o 5vherebn siEdohsrahd wherein

sai d sec ition . i.S.j Of@l]% i - ti jze in the
range of&%&f((g) gg%{ n}i%plo%sﬁ.o%%PAn ar t%%‘f%ﬁig%oé]‘%f%@% %%%§m§é2?h%merei n
said firsingaref ®ard h HXirtecstmadi dnd edhat« 0o ns i g ovelesnd ondvapasiatoh east
one of jridium ogi de_and scandi um oxide.. 34. . An article according to claim

22, wher? nBHWETati Mg i B2V eIk tHCFT ot Fbotit 10 TRBEE0°20° Wk of a
third poyeery: W,gh is blended with said first and second powders and
wherein said third powder conprises a powder for altering coating
mcrostructure to increase coating porosity. 35 An article according to
Claln]3433. %{ggr f@ﬂé’éggééhing to claim 22, wherein said first rare
earth oxide stabilized zirconia powder contains at least one

of iridium oxide and scandium oxide.

34. An article according to claim 22, wherein said coating is
formed with from about 1.0 wt% to 20 wt% of a third powderxr
which is blended with said first and second powders and
wherein said third powder comprises a powder for altering

coating microstructure to increase coating porosity.

35. An article according to claim 34, wherein said third

powder is a fugitive diluent powder.

36. An article according to claim 34, wherein said third
powder is selected from the group of polyester and acrylic

regin powders.

37. An article according to claim 22, further comprising a
layer of a material selected from the group of yttria-
stabilized zirconia, alumina, chromia-alumina, silicon
carbide, silicon nitride, and mixtures thereof and said layer

being positioned between said substrate and said coating.
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powder is a fugitive diluent powder. 36. An article according to claim 34,
wherein said third powder is selected fromthe group of polyester and
acrylic resin powders. 37. An article according to claim22, further
conprising a l|ayer of a material selected fromthe group of yttria-
stabilized zirconia, alumna, chroma-alumna, silicon carbide, silicon

ni tri de, s gndygi xturer. thecopds Agd ool th L AYSs,  BelgeposhipPugguhet ween said

substrate and said coating. 15 An article according to claim?22, further
conpri si hgyer dhyermafeni aht eelattsd| Exdredtfie oproire gf oyptofayttri a-
stabilized zi%fon'a al um na hrom a- al um na, i con c?rbide, silicon

: , il
nitride, oMt it 3T Ur &5° T Het 2of A RAT LA 53%&a‘%§?%bn%03?% bH8d bet ween on
top of s@ifbf@afifHlidOn MArAldd sl gnACRDEGLPEs t Eh&tabM 28d EHi&hBEyer
conprising a first layer of a material selected fromthe group of yttria-
st abi | | Zeelng reeni bl orgdneiaveenr ofi bRl @fi flds¢eaedng - carbi de, silicon
nitride, and m xtures thereof and said | ayer being positioned between said
substrate and said coating and a second |ayer of a material selected from
t he groups ofAytdrtbelstabidbtdeny ztd cohhhn a2 uyniwashehr oomarakingna, silicon
carbide, _silicon nitride, and m xtures thereof and said | ayer  being
posi ti onEH ¥ 1¥FEBiokat ARt fy. Sateched oot ErendFerPuse Yht¥fmi ng a

coating consipiidd PfrcdPid o SPu %8 9adlbmi & atufihQ, 25i M &eytrria

stabilized zirconia, and the balance zirconi umoxide. 41. A conposition
accor di ngatloi@dd ai si Ygomhei erhds ai @nd coinosres onhésedh poddeaiflotayand has a
particlebgi%g éé%fgfbné nggtgéeg égi§5gugégéggg'and gald coating and a
gsecond layer of a material selected from the group of yttria-
stabilized zirconia, alumina, chromia-alumina, silicon
carbide, silicon nitride, and mixtures thereof and said layer

being positioned on top of said coating.

40. A composition for use in forming a coating consisting of
10 to 80 wt% gadolinia, 4.0 to 25 wt% ytrria stabilized

zirconia, and the balance zirconium oxide.

41, A composition according to claim 40, wherein said
composition is in powder form and has a particle size in the

range of 5 to 250 microns.

42. A composition for use in forming a coating consisting of
5.0 to 30 wt% ceria, 0.5 to 5.0 wt% hafnia, and the balance

zirconia.

43, A composition according to claim 42, wherein said
composition is in powder form and has a particle size in the

range of 5 to 250 microns.

44, A composition for use in forming a coating consisting of

15 wt% gadolinia and the balance zirconia.
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42. A conposition for use in formng a coating consisting of 5.0 to 30 wt%
ceria, 0.5to 5.0 wt% hafnia, and the balance zirconia. 43. A conposition
according to claim42, wherein said conposition is in powder formand has a
particle size in the range of 5 to 250 mcrons. 44. A conposition for use
in formng a coating consisting of 15 wt % gadolinia and the bal ance
zirconia. 16 45. A conposition according to claim44, wherein said
conposi t #6n Ascomppewdéonf acnnaddnhasocacpadti ¢he sheecin thed range of 5 to
250 mcrons. 46. .A conposition for use i Eornin a_coating consisting of
from 10 £8BBSWEdLGadBl LR BOHAGTt R BaPRAcBas| ?‘cgﬁFE.lci?. ShZEorPostEi on
accordi ngahgechai M 46, 2whefeLropaid conmposition is in powder formand has a
particle size in the range of 5 to 250 mcrons. 17

46. A composition for use in forming a coating consisting of

from 10 to 80 wt% gadolinia and the balance zirconia.

47. A composition according to claim 46, wherein said
composition is in powder form and has a particle size in the

range of 5 to 250 microns.
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