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to provisional application Serial No. 60/254,383, entitled "Pre-Alloyed YSZ
powder” and filed on Decenber 8, 2000. The entire contents of this
application are her ebW@eﬂ&é&YﬁDlSWﬁdZEDeﬂm@O FOBNDER FI ELD OF THE

| NVENTI ON 10 The pr eseAND IMBROVED TEIERMALIRARREERIEOATTNGe- al | oyed
stabilized zirconia, such as yttria-zirconia, as a raw nmaterial to form
spray dried powders for use in thermal spray applications of thermnal

barrier coati ngs (TBC s) and hi gh tenperature abradables. BACKGROUND OF THE
INVENTI . 2 2 gd ytria stabilized zirconia

Sprtcatt or yT-T1e englnes A preferred nethod

roducin the TBC i s by t;her mal, sprayi n&sa é ia + zirconia_ powler of
LTSS LA do Brovisnahapicatien

conposition, mcrostructure, and phase structure. Such powders are
gener aISeyxaHﬁtb 254,383, aﬁitMSZPpaaMeyeﬂ Y §h powday'emdi fiad bh Peperebard; 8600.ypes of
powders used 20 are spray-dried powders agglonerated from separate particles
of yttrihR eafifh chhfed@ifahivapsittadlbR arethresbydpdslyesbdeyorated bylrefpgicat ur e
processing or powders formed by fusing yttria and ~zirconia and then
crushing the alloyed material. Spray drying is a well-/nmwn nethod of powder
aggl oneration used to produce food and pharmaceutical products in addition
to the%ﬁ@ﬁﬁﬁé@@iﬁrs. The key attributes of 25 spray dried
pr oduct y are that they are spherical, have a higher
surface area conpared to fused and crushed powders, and have | ow density.
Thit8 resul t sTherpresonidieventioh aelaigs tQ iR use of pre-alloyed stabilized zirconia, such as

yttria-zirconia, as a raw material to form spray dried powders for use in thermal spray

applications of thermal barrier coatings (TBC’s) and high temperature abradables.

BACKGROUND QOF THE INVENTION

15 Thermal barrier coatings of alloyed yttria stabilized zirconia are used for many
applications in modern turbine engines. A preferred method of producing the TBC is by
thermal spraying a yttria + zirconia powder of the proper composition in order to produce a
coating of the necessary composition, microstructure, and phase structure. Such powders are
generally referred to as YSZ powders. The conventionally preferred types of powders used

20  are spray-dried powders agglomerated from separate particles of yttria and zirconia which are
then densified by high temperature processing or powders formed by fusing yttria and
zirconia and then crushing the alloyed material.

Spray drying is a well-known method of powder agg 1omerat10n used to produce food
and pharmaceutical products in addition to thermal spray (TS) powders. The key attributes of

25  spray dried prodﬁcts for the TS industry are that they are spherical, have a higher surface area

compared to fused and crushed powders, and have low density. This results in powders that
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‘melt well within conventional thermal spray equipnent. Typicall 93 #s in the
case ofwgbhfdNobi zed ceranics for TBC applications, fine peidg®h@ne (Such as

t hose having an average particle size of |ess than about 10 mcrons) of -
yttria and 5 zirconia are mxed in water with organi c binders and suspensi on
agentosfer thetbenedity of beingyfreeThivging ehd thay miel wdllewitkipreapvelrtiond] therneal spiiay

aggl onerated particles that can then be applied using various thernmal spray
t echeijgiyesnt.0 coat an object. A shortcoming in the use of separate yttria
and zirconia raw materials is that it may result in a chem cal inhonobgeneity
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rsTgray¢ dried particles In order to achieve phase stability the final coating
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powders, the alloying takes place during the process of 15 thermal spraying

or bylands therspraydiekssireege aggloierajpdvymeticlaf thetr caaheaybalipplied ubiup bef or e
thermal spraying. Alloying during the spraying process can be acconplished

by argliy ;S b OBt . osuch as
n Dl e S e A A e e

proper ;spraying environ t, . nsu that the powder has .20 ti to all oy
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coated. A problemwth alloying dyring thermal spraying is that  alloying may
not [artickesn &ivendhquehae bulkiGonerrbghme Pt the startngsIpByady, bG GRstseh Vst heat or
residence tinme during the spray process, or variations in the spray

B0 oc dasorsisnclaasiieldtivr partivhe sine flistributipsy, mikiunginosthads, sdtdinge ambiprayudying i n t he
spray-dried particles can result in variations in the conposition of the 25
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zirconla particles
dried particles

In order to achieve phaSé stability, the final coating must contain an alloy of yttria and

zirconia. In the case of spray-dry powders, the alloying takes place during the process of
15  thermal spraying or by additional processing of the powder after spray drying but before
thermal spraying.

Alloying during the spraying process can be accomplished by applying the powder
using a high-temperature thermal spray gun, such as a plasma gun, to ensure that the powder
is melted and, by seiecting the proper spraying environment to ensure that the powder has

20  time to alloy prior to the cooling that occurs when the powder impacts the surface to be
coated. A problem with alloying during thermal spraying is that alloying may not be
consistent due to inhomogeneity of the powder, insufficient heat or residence time during the
spray process, or variations in the spray process. In addition, non-uniform distribution of the

constituents in the spray-dried particles can result in variations in the composition of the

25  applied coating. Further, spray dried powders with individual yttria and zirconia particles
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be difficult to all oy. JThi s non-uni formdistributidon and treat mend 3 QUNt2b08
powder IR hAasekt i N non-honobgeneous mcrostructures in t I coating
whi ch have poor or at |east inconsistent thermal and nmechani cal” cycling
performance. As a result, even though the previously described spray-dried
powder shofefl@micensan 8izb vathadsottegifficutt to ABoyralhis po@aypnifgrm distieitiadwadt ages may
be offset under sone circunstances by the inconsistent conposition and
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powder during thermal spray can be elimnated by performng the alloying

step prd . L avibLng ; i 1 : I isrely
S e e S S R S S
‘plasma densified 10 powgder s currently available . as. Sul zer t co, 204CNS.
This powder ApeTardb cfShibough hepibiatly fetifed Sumernse atvishel® Goior - Such
_pre-processing elimnates the variations in the alloying caused by

i nconspditaatages methemeal sprstyingy reprmpdviantages way bagifsetamd pragomd cizppraianpesdiess.

The pre-processing also results in a nore structurally stable powder that

r educ ethefinvaigistenb c@ajpokition pid dloying tréaementlof sy partitlbadurdggdpdayiigvent the
proper alloying of the powder during 15 spraying. However, this method does
not prevent meﬁeézﬁqozﬂﬁwel@ oW 3 ldutigs Wdrmbhl SMFORRRY lﬁlhiﬁ%li_by‘rp@f}@ﬂ ggneity of

each powder partic se of plasma densification or sihtering adds

signifjcant cost to.the production of the.powder and this.processing step is
st ey B R en o gRiREr Shbfite ConiR B iFbp NG b ihiBh BERESY bkl ol
particles fromthe spray-drying. As a 20 result, such powders may still

pr oducBlasmadengHcaiontprisHH e %’f?‘b%ﬁPfﬁY éped pewder. @leasﬁchpkaémﬁé@sns@ye@o
spray-dried and pre-processed powders, fused and crushed powders have been
uskd i powler iacememty avagdrbiglas SplzeyMetno 2DBCN plliis powaderss alsngensralipknoprt ri a
and zirconia powders are m xed and fused using an induction are or other
proces the iduRetas a HOSP powder. Such pre-processing eliminates the variations in the

alloying caused by inconsistent treatment of the particles during the thermal spray process.

The pre-processing also results in a more structurally stable powder that reduces powder

breakdown prior to thermal spray that could prevent the proper alloying of the powder during
15  spraying.

However, this method does not prevent inconsistencies that result from compositional
inhomogeneity of each powder particle. The use of plasma densification or sintering adds
significant cost to the production .of the powder and this processing step is still subject to the .
inconsistencies in the distribution of the individual particles from the spray-drying. Asa

20  result, such powders may still produce coatings with inconsistent prbperties.

As an alternative to spray-dried and pre-processed powders, fused and crushed
powders have been used in the area of thermal spray for TBC applications. Individual yttria
and zirconia powders are mixed and fused using an induction arc or other process to produce
a briquette of fused material. The briquette is then crushed to produce powder of the desired

25  size suitable for thermal spraying, generally between 11 and 150 microns.



a briquette of fused material. The briquette is then crushed to proihc o
powder of the desired 25 size suitable for thermal spraying, gener §Uf~ 2005
bet weenyilyA365,150 microns. 3 0 3 JUN 2005 WO 02/45931 FCTIAROM, 47129 Fused’
and crushed powders exhi bit angular, irregular norphol ogres. As a result,

use of these powders can cause inconsistent powder feeding. In addition,

t he parti cFesedamd cruphné pawhsrs ézhibgrangular, aegiter maphelogies TAiss regdibites i n

| ower deposition efficiency due to insufficient heating of the particles in

the t beme®d peiRdedy cdn @lise McSVARoWderTtdEdih NVENIddhbn ige sirfiady art ages of

known YSZ powder production techni ques are addr essed by the wuse of a

re-a t j ial o r j owder. In

Bar ti %%’%?g %@é%fe%ﬁg% |eg[7 t%glg‘é rljgg%{r%glﬁ ?{/‘}{?ﬂfé&é?@c%%cg%ggﬁhﬁg) Es ed as the
tartin a teri 10 f.or a thernal ra owder produced b ra ~
ar yi nltf%sgffr}?lwtg? Ir"?élae% @Sf%'ﬁ?ﬁﬁleﬁmél-sspgﬂ%ﬁd 8% ylto tria stabilized

zirconia is used as a starting material. The yttria can be within a range
0of55-25% In alternative enmbodi ments, various other pre-alloyed ceramcs can
be used to produce powders suitable for use in both TBC s and abradabl e
coat i SPMMERY ©FTHEINVIETIGN nagnesia, ytterbia scantia, dysprosia,

neodym a, and cal cia can replace or supplenent 15 the yttria.

Advant ageoust Vs RIRY ofhdith FRAIRHEPHISHAGIUN LG 4R Aidkidded BRUR! i al s of

pre- all oy yttria and zirconia produces a honbgeneous powder regardl ess of
the variations.tha ccur, duri t he nyf.acturing.of slurries or during
the sBreg HRGaYahyS 2R gkt s Moind i tB e k@l ael BEC o s Lo
as the starting naterial. There is. also no need to alloy the 20 powder

bef or @aEcULIrerglloyre vRIc/ SreRmRh YN BERIBIFFn s MIseh ps s re¥cmaterian and

expandi ng the conditions in which the powder can be used to apply a coating.
10  for a thermal spray powder produced by spray drying. In a preferred embodiment, pre-

alloyed 8% yttria stabilized zirconia is used as a starting material. The yttria can be within a

range of 5-25%. In alternative embodiments, various other pre-alloyed ceramics can be used

to produce powders suitable for use in both TBC’s and abradable coatings. For example,

ceria, magnesia, ytterbia scantia, dysprosia, neodymia, and calcia can replace or supplement
15 the yttria.

Advantageously, a spray dried powder manufactured from starting materials of pre-
alloyed yttria and zirconia produces a homogeneous powder regardless of the variations that
occur during the manufacturing of slurries or during the spray drying and even when a wide
particle size distribution is used as the starting material. There is also no need to alloy the

20  powder before or during thermal spraying, reducing cost of powdef production and
expanding the conditions in which the powder can be used to apply a coating.

Comparisons of coatings produced ﬁsing pre-alloyed Y.SZ powder according to the

- invention with conventional spray dried or fused and crushed YSZ powders indicates the

powder according to the present invention produces a coating with more consistent and



Conpari sons of coatings produced using pre-alloyed YSZ powder accordi n? to
the invention with copventional spray dried or fused and crushed Y$Z JUN 2005
powders indicates the powder according to the present invention produces a
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uni form m crostructures, |lower thermal conductivity, inproved thermal shock
resi st i fQr BV Y=\, HE
T R B A g e e S e LT
nore readi |l apparent. fromthe foll ow ng detail ed description and draw ngs
of illﬁ’g’fer'ﬁi{fo\ll‘@ é’ﬁ%%@ilﬁsé?]ﬁ's of the invention in which: FIG 1is a

m cr ophot ograph of a cross-section of a YSZ coating fornmed using a HOSP
powder; 10 FIGs. 2 and 3 are nmicrophotographs of cross-section of YSZ

.coatings forned using a pre-alloyed YSZ powder; and FIG 4 is a graph of

t he t hBRIEF DESGRIPTIONIQF THE FIGTRESt ure of the coatings shown in Figs.
1-3. 15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S): A preall oyed

YSZs powder g fdf&@oﬁ@_a&%%r ﬁ@bﬁfés%_‘tﬂe_%}e&fnt VRS wePBE hﬁ9§réa8i1§9r oduced by
first alloying zirconia with a stabilizer such as yttria, grinding, mlling,

or oth ' r ' the. ri:ad: : . g 1 vi ng
an avertetf ol 8E 35T 0Re PR BTN RHBlo! SEBAVRE NRRL SuPRRl N
desi regq sized particle for use in the spray 20 application, and then

pr ocesHeABVenEen §1 WHF8d powder using spray drying techni ques to produce the
preal | oyed YSZ powder with a size range that can easily be thermal sprayed.
More speci fi cal | ¥1GZl isconiczophstographi aflal oyossrseoiiciedf 4 YPZoabtiyg formedwdime f or m
and is

a HOSP powder;

10 FIGs. 2 and 3 are microphotographs of cross-section of YSZ coatings formed
using a pre-alloyed YSZ powder; and
FIG. 4 is a graph of the thermal conductivity vs. temperature of the coatings

shown in Figs, 1-3.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S):

A prealloyed YSZ powder for use in spray application of thermal coatings is produced
by first alloying zirconia with a stabilizer such as yttria, grinding, milling, or otherwise
processing the material to produée a very fine powder having an average particle size of
about one order of magnitude smaller than the desired sized particle for use in the spray

20  application, and then processing the alloyed powder using spray drying techniques to produce
the prealloyed YSZ powder with a size range that can easily be thermal sprayed.

More specifically, zirconia is initially provided typically in powder form and is
alloyed with a stabilizer. The zirconia is preferably stabilized with yttria in the range of
between about 5-25% by weight, more preferably between about 6-10% and most preferably

25  about 8%. In alternative embodiments, one or more other materials can be used to stabilize



alloyed with a stabilizer. The zirconia is preferably stabilized with yttria
in the range of between about 5-25% by weight, nore preferably bet ieeAUN 2005
about 6-Wo s asssinost preferably 25 about 8% In alternatipwereshegissents, one -
or nore other materials can be used to stabilize 5 j 0 3 JUN 2005 WD

02/ 45931 PCT/ USOL/ 47129 the zirconia in addition to, or in place of yttria.
For exthegieoniate additipn ko, eain place elythise o examplspiheviire san by repdaded OF nagnesi a,
ytterbia, scantia, dysprosia, neodym a, and calcia. Conventional techniques
can besuppbandimedy ogrial hegrésia gibrbiayistimtiahéyspresid, heedymiasamdcaida.i nducti on arc
processing. It is known to alloy zirconia with yttria and then grind the

al loyed 5 eh@dmtidhaltecithifiasichebeusdd® aflgl tiabifohRirwins thel sbilDRF, sakh sPr ay
coating applications. Typical thermal spray-coating particle sizes range

from bet . ] &F o . fr.ast i t he
pr esenfi B &8 BHcetin® 2 by B BIRS:iiehia SRR anc¥fch BHRSHE ML | P,
base powder having particle sizes that are nuch smaller than,s.typically
Usedl | BRterahio PREE SRS e i ey soraveroating aPRloatios. drrisel of

magni tude smal l er than desired for 10 the thernal spraf/ coating process. In
a pr ef thermpel sprdyeetiating partickeesizgsiraygedrpmhgtreanabouat 1 lpandt i50Imicginse Inf | ess t han
or equal to about 10 m crons. The alloyed zirconia power is then subjected

to a spédast)aid BEopdiag &S the Gudsenginwbntidh, tHehloyed tabiline] sr@htus grdvassed powder
is mxedinaslurry with water and an organic binder and then spray dried

" : ang. . : :
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si zes or t mal spray applications. ray-dried powder can
be screened t.0

pourlor STEY u Gahite 6 bRaBE e of Bt Sy Em BB RRE ST U B $5°34db 2o
m crons. Various conventional spray dry processes known to those of skill in
t hé0 ar thedhermsd spray egatingpracesar i e preferrehmandiaant, the allpyed gowdsrhas ep, i s
formed of the base alloyed zirconia 20 powder, an organic binder, and a
sui t abparticlegidedhf 1gpsdhar atdqualdeisbonzEmiatmes: . The preferred
The Lcxlloyed zirconia power is then subjected to a spray-drying process during which
the very finely ground base powder is mixed in a slurry with water and an organic binder and
then spray dried to produce a pre-alloyed powder having generally spherical particles of sizes
15  suitable for thermal spray applications. The spray-dried powder can be screened to the
desired particle size. In one embodiment, the dried powder is screened to provide particles
sized between about 11 and 150 microns.
Various conventional spray dry processes known to those of skill in the art can be
used. In a particular embodiment, a slurry, or slip, is formed of the base alloyed zirconia
20  powder, an organic binder, and a suitable liquid, preferably deionized water. The preferred
binder used is CMC (carboxymethylcellulose). However, other binders known to those of
skill in the art, such as PVA (polyvinylalcohol) or MC (methylcellulose), can alternatively be
used. In a preferred embodiment, the slurry has between about 1% and 10% of binder by dry

weight, preferably on the order of about 2%, relative to the weight of base powder in the

25  slurry The viscosity of the slurry affects the size of the spray-dry particles and the viscosity
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thermal spray coatings. It has been found that, when conpared to conparabl e
' coad i nggformed using prior art powders, the pre-alloyed powder produces
coatings Wi th unexpectedly better porosity distribution and a hi gher anpunt

f splat b i es, . : anpunt
A part ol af RegbErtprOiteh MeorBind AR il besod 8By ABRNT 1LY
bher | Gaey gesiler. faaRsapen B i SRR CoRtbR 8 PP g o o BRSO BB UER r ec ¢ 0

produce superior coatings. The specific YSZ powder used is currently

avai | aptier aspvdersrthevpreealloyed pxgderwodungs codtmga withomekpestediipbestepr oduced wit h
a pre 15 all oyed YSZ powder, currently referred to as Sul zer Metco AE 8017
and pr Migddi@ﬁitmidh 86d a hipteh empuigtERplat ByBIdatie) and\thud AdlySirgialll; 16we

pre-all oyed and HOSP YSZ powders used is shown in Table 1, below 7

10  thermal conductivity. A particular example is discussed below.

A first thermal spray coating was produced using a conventional plasma densified
powder known as a hollow spherical powder (“HOSP”). This class of powder is generally
considered to produce superior coatings. The specific YSZ powder used is currently
available as Sulzer Metco 204CNS. Two additional coatings were produced with a pre-

15 alloyed YSZ powder, currently referred to as Sulzer Metco AE 8017 and produced according
to the present invention. An analysis of the pre-alloyed and HOSP YSZ powders used is

shown in Table 1, below:



0 3 JUN 2005 WO 02/45931 PCT/USOL/ 47129 TABLE 1: pre-alloyed Standard HOSP
powder powder (-100, +200) Sieve (Mesh) +100 0.2 0.2 ) +120 12.5 0§.J8N 160140
46. 4 42w o2459§) 80.0 72.6 +200 93.7 94.0 +230 98.8 98. Bor/tRda?D 5 99. 3
+325 99.7 99.5 -325 0.3 0.5 Density (g/cnB) 1.15 2.17 QOganic Solids (w.
% 2.96 < 0.1 Chemistry (W% 2Zr02+H O2 91.54 93.70 Y203 7.87 7.50 Si02

0.06 0.30 Ti02 <0.01 0,03 Fe2@ABIE 01 0.02 A1203 <0.01 <0.01

pre-alloyed Standard
HOSP
powder
(-100, +200)| POWder
Sieve (Mesh)
+100 0.2 0.2
+120 12.5 10.2
+140 46.4 42.0
+170 80.0 72.6
+200 93.7 94.0
+230 98.8 98.7
+270 99.5 99.3
+325 99.7 99.5
-325 0.3 0.5
Density (g/cm®) 1.15 2.17
Organic Solids (wt. %) 2.96 <0.1
Chemistry (wt%) .
ZrO2+Hf02 91.54 93.70
Y203 7.87 7.50
Si02 0.06 0.30
Tio2 <0.01 0.03
Fe203 <0.01 0.02
Al203 <0.01 <0.01
Ca0o 0.01 0.01
MgO 0.07 <0.01
U+Th <0.01 0.02
Monoclinic ZrO2 6% 4%

As can be seen, the overall composition of the two powders is substantially the same. The
major difference is that the HOSP powder has a substantially higher density, the result of the
plasma densification process used to alloy the zirconia with the yttria. In contrast, the

5 prealloyed YSZ powder is much more porous, being comprised of very small particles held
together by the binder. The binder in the pre-alloyed powder also introduces organic solids
which are largely absent in the HOSP powder.

The three coatings were all applied using a Sulzer Metco SMB spray gun under

N2/H2 conditions. The process parameters were selected to produce a coating having a

10  porosity of about 11%. The only difference between the pre-alloyed coating process
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While the aggregate porosity levels for the three coatings are simlar, the
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particular, the coatings produced with the pre-alloyed powder have more defects, such as

10  splat boundaries, and have pofes that are more evenly distributed and finer than those in the
HOSP coating do. Empirically, the increase in and finer distribution of defects in the pre-
alloyed coating indicates that the pre-alloyed coating has a shorter mean-free-path of lattice
waves and a lower thermal conductivity relative to the HOSP coating.

The thermal conductivity of each of the three coatings was then analyzed. For

15  accuracy, the characteristics of each coating were measured on a metal substrate and also on a
freestanding shape. Prior to testing, the freestanding samples were coated with 0.1
micrometer of gold and all samples were coated with approximately 5 micrometers of
graphite. The freestanding samples were further polished to remove the lip from the edges on
the substrate side and to sfnooth the roughness on the free side.

20 The specific heat and diffusivity for each sample was measured at 25, 500, and 1000
°C by the laser flash method using a Holometrix Thermaflash 2220 and the results used to

determine thermal conductivity. The results of the test are shown in Table 2, below. A graph

of the thermal conductivity vs. temperature is shown in Fig. 4.



10 splat boundaries, and have pores that are nore evenly distributegjﬁﬂ@ ;
finer than those in the HOSP coating do. Enpirically,) the increase’i &Wﬁ
finer dk@ég&@&iﬂon of defects in the pre- alloyed coatingcrhfdhg#lgs that the -
pre-al l oyed coating has a shorter nean-free-path of lattice waves and a

| ower thermal conductivity relative to the HOSP coating. The thernal
conductivity of each of the three coatings was then anal yzed. For 15
accuracy, the characteristics of each coating were neasured on a netal
substrate and also on a freestanding shape. Prior to testing, the
freestandi ng sanples were coated with 0.1 mcroneter of gold and al

sanpl es were coated with apprexipagely 5 mcroneters of graphite. The
freestandi ng sanples were further polished to renove the lip fromthe edges
on the substrate side and to snmooth the roughness on the free side. 20 The

speci fic heat and diffugiuj hERGT Tﬁ@& sured at 25, 500, and
1000 C by the | aser f|§§ﬁ ﬂg?]gd u5|néﬁﬁaﬁgﬁg FpﬁgThernaflash 2220 and

the re RNST ioheat ' | GISaty it
are shown in Table 2, -aph the ther CoRdHReY vi Fpapiviy
temperature i s shown ig. PE § 0 3 JUN 2005 02/ 45931 PCT/ USBL/ 47129
- TABLE 2 LE¥8R'® F| ash TP nal Emilictivi 9 Resul {¥9¥hi ckneadsihul kWieigi ty
tenperature specific heat diffusivity conductivity @5C p@5C Cp -a x
Sanpl e (rEYSH gl om ) (©448J1 g- K§-8{cnRl s) 26W m K) Q48SE. 0.e02® 4. 810.25' 0. 458
0. 00280 @reB-diéndirgh r ee- st andi ng) 500 0. 596000. 002130.606611 &2 0. 638s1A. 00176
0.540 PRE-ALLOYA 0.602 4.84 25 0.453 0.{0816 0. 47&s 0.00176 0.540

aVWa'

t est

PRE-ALLOY A  0.602 4.84 25 0.453 0.00216 0.473
(free-standing) 500 0.586 0.00144 0.416
1000 0.634 0.00129 0.397
PRE-ALLOY B 0.542 4.75 25 0.457 0.00214 0.465
{free-standing) 500 0.598 0.00146 0413
1000 0.638 0.00124 0.375
Inconel 718 2.535 8.20 25 0.433 0.0289 10.3
(SUBSTRATE) 500 0.548 0.0416 18.7
1000 0.674 0.0496 274
HOSP 0.315 4.81 25 0.458 0.00289 0.635
(coating on Inc718) 500 0.596 0.00202 0.578
1000 0.638 0.00180 0.551
PRE-ALLOY A 0533 4.84 25 0.453 0.00219 0.480
(coating on Inc718) 500 0.596 0.00148 0.428
1000 0.634 0.00139 0427 -
PRE-ALLOY B  0.508 475 25 0.457 0.00224 0.486
(coating on Inc718) 500 0.598 0.00151 0.429
1000 0.638 0.00133 0.404

-10



(free-standing) 500 0.596 0.00144 0.416 1000 0.634 0.00129 0.397 PRE-ALLOY
B'0.542 4.75 25 0.457 0100214 0.465 (free-standing) 500 0.598 0.00Q 4? Iﬁ)'%lg
1000 0. 698 62/43044124 0. 375 I nconel 718 2.535 8.20 25 0.433 0p@ZfRol¥n UN 2005
( SUBSTRATE) 500 0.548 0.0416 18.7 1000 0.674 0.0496 27.4 HOSP 0.315 4.81 25
0.458 0.00289 0.635 (coating on 1nc718) 500 0:596 0.00202 0.578 1000 O.638
0. 00180 0.551 PRE-ALLOY A 0.533 4.84 25 0.453 0.00219 0.480 (coating on
1nc718) 500 0.596 0.00148 0.428 1000 0.634 0.00139 0.427 PRE-ALLOY B 0.508
4.75 25 0. 438 confifR&ULY thedfalysispeipneraloyelirodth®)s, blifle BaGag it GOES1 0. 429
1000 0.638 0.00133 0.404 1D 3 JUN 2005 WO 02/45931 PCT/ Li S01/4712 As

conf i r gBsreBite toRpEIAbY EdporbSity &Y tBe MO Eshting MaveaSherthl tondidMiifgwhita same

aggregate conposition and porosity as the P coating, have a thernal
conduct ] vi \Whi d i %o, | c ot . rd YSZ
mat er i éﬁ ap p%&sﬁg#e@h%o é’ Eg\gglgtﬁ% gﬁﬂ%ﬁg%ﬁ%@%ﬁlh?}ﬁ%ﬁ g%ﬁ%t%ﬁg% |1 provide

better heat protection_fqQr a constant coating .thickness when conpared to

‘conv enPPUMEPANpEICERRSE | Wil Iaemetbeftﬁ@e@hﬂ@%?@a? gt @sENbEPABE be achi eved

with a thinner, and therefore | ess expensive, coating. _
thickness when compared to conventional YSZ coatings or permit the same heat protection to

be achieved with a thinner, and therefore less expensive, coating.
‘While the invention has been particularly shown and described with reference to
preferred embodiments thereof, it will be understood by those of skill in the art that various
10  changes in the form and details may be made therein without departing from the spirit and

scope of the invention.
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VWhil e the invention has been particularly shown and described with é?fﬁ&?%ge
to preferred enbodinents thereof, it will be understood by those o § I

in the art that various 10 changes in the formand details nay be nade
therein without departing fromthe spirit and scope of the invention. 11 03
JUN 2005 CLAIMS 1. A nethod of producing a pre-alloyed stabilized zirconia
powder cofpAIMISng the steps of. alloying zirconia with a first stabilizer
conprising yttria and a second stabilizer selected fromthe group of ceria,
magnesi a, ytterbia, scantia, dysprosia, neodym a, and cal cia; powderi zing
the alloyed st abinkthodhiZrodwinga pse-alyyed rsydbiliret hdredhiabpdv dee @omiprisiapi a powder
to produce an agglonerated powder havi ng an average particle size suitable
for use ifesHPaPicoating applications. 2. The nethod of claim 1, wherein

the yttria is t 1N dant i % 1Q9 | ative to
the zirconia. gﬁ&%&% Zrlr}é:tgwgdg)g@ %I g%h%a&%§§h$r%ﬁgu§qtﬁé %{&ljsa g&gégnt in a
quant ity ethbilirautel&ied fiehathesgrdup dfheerizl meapnesia, vterfiae scatinodysprosid,ai m 1,
wherein at | east a_substantial portion of the stabilized zirconia powder
conpr i sesEMMIZ 284 cRl§i% ng a size of no nore than about an order of
magni t ude snal : ' Size of the aggl omerated powder.
5. The net hod E?&«é% al t?f@ aft gdgs?%ﬂt gtﬂsr'([ag ?’I i zed zirconia powder has an
average parti sprey-divirg dhe ratahiiized rineomialpowtder Qo nproduses an Gaggldmerated hod of

claimb5, wherein the aggl onerated. powder has an average particle size in
the rang e PEVAg ey Rn eR@’tlalﬁélzggbﬂ 1e. fog ye 1n spray co%tlng pplications.

2. The method of claim 1, wherein the yttria is present in a quantity of between

about 6% and 10% relative to the zirconia.

3. The method of claim 2, wherein the yttria is present in a quantity of about 8%

relative to the zirconia.

4, The method of claim 1, wherein at least a substantial portion of the stabilized
zirconia powder comprises particles having a size of no more than about an order of

magnitude smaller than an average particle size of the agglomerated powder.

5. The method of claim 1, wherein the stabilized zirconia powder has an average

particle size of no more than about 10 microns.

6. The method of claim 5, wherein the agglomerated powder has an average

particle size in the range of between about 11 and 150 microns.

7. The method of claim 1, wherein the second stabilizer comprises ceria.
8. The method of claim 1, wherein the second stabilizer comprises ytterbia.

9. The method of claim 1, wherein the second stabilizer comprises magnesia.
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7. The nethod of claim1l, wherein the second stabilizer conprises ceria. 8.
The method of claim1, wherein the second stabilizer conprises yttgEsoym20059.
The nethod of claim 1, wherein the second stabilizer conprises nagnesia. 12
0 3 JON 2005 10. The nethod of claim1, wherein the second stabilizer
conprises scantia. 11. The nethod of claim1l, wherein the second stabilizer
conpri ses dysprosia. 12. The nethod of claim1l, wherein the second

stabilizer conprises neodyma, B. The nmethod of claim.1, wherein the second
st abi | i zerloconﬂﬂthé%%h%?f(ﬁ)f%m &Mheﬁlﬁ%g}eﬁﬁﬁonélfsw&ﬂbﬁﬂ&?THB“%?StSﬁaé‘rtﬁal barri er

coating on a substrate conprising the steps of: producing a pre-alloyed
stabilized zirconia powder according to the nethod of claim1; and applying
t he powderllt o tlihe nsathst ofatl@mukiwligren thesseemld séabiliger pormpess dygBosidhe net hod of
claim 14, wherein the thermal barrier coating has a porosity of 11%and a
thermal conductivity less than or equal to 0.49 WmK at tenperatures of at

| east 25C1216. TheRidhdH dI8H BhiRidih ARGeEIIGRIVi R P Q¥BFisdRmedusfd. accordi ng
to claim1 and conprising generally spherical particles with an average

size of between about 11 and 150 microns. 17. A thernmal barrier coating
produced g5cor Cilhrégllnettﬁ)ocf: J)fé}gla{pmlﬂ qurereclrll ﬁ'lergeg'c')srid stajb%izer comprises calcia.

14. A method of producing a thermal barrier coating on a substrate comprising the
steps of:

producing a pre-alloyed stabilized zirconia powder according to the method of
claim 1; and

applying the powder to the substrate using a thermal spray process.
15.  The method of claim 14, wherein the thermal barrier coating has a porosity of
11% and a thermal conductivity less than or equal to 0.49 W/m-K at temperatures of
at least 25°C.
16. A pre-alloyed stabilized zirconia powder produced according to claim 1 and
comprising generally spherical particles with an average size of between about 11 and

150 microns.

17. A thermal barrier coating produced according to claim 14 or claim 15.
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