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CROSS- REREBHRIEF3S) TO RELATED APPLI CATIONS: 11 The presemCTl/vsiaaiizon N
clainms priority under 35 U. S.C. (err) 119 to provisional application 10 15
20 Serial No. 60/254,383, entit] r and filed on
Decenber 8, 2000. The @rﬁlﬁ?@ rﬁ@ﬁ&lghﬁyj ?ﬁgﬁb&&e her eby
expressly incorporated WDB\‘QBR@N BXGThe present

invention relates to the use of pre- aIoned stabrlrzed zrrconra such as
yttria-zirconia, as a raw material to formspray dried powders for use in
thermal spray applications of thermal barrier coatings (M\m\mm gh
1 enper algR(Es SURBFFRINGE(SPACKRROANERIOR PPHECANENG! ON Ther

coatings of allToyed yttria stabilized zirconia are used for RB#isp*

appl kcat i ons 4 ng?&gﬁflﬁvéﬁ%g'cﬁ? gg% Bfunafy B8 BEE! ggw%ﬁ%@ﬁ%apg@%sﬁ&g the

‘TBC i's by ther sprayl ng a y zirconia po

i or ost NABELNE, CUaFt- el bl i BNETEERS rSoriberwadHes G REP SRR ¥ o ed o
as YSZ powders. The conventionally pref erred types of powders used are
spr ay- dribegnivvasatentsafghis @gplmaeanﬂrqimr@ewms@ypwmé@ byfrefpranee.a and

zirconia which are then densified by high tenperature processing or powders
formed by fusing yttria and zirconia and then crushing the alloyed

material. Spray drying is a well-larown nethod of powder aggl oneration used
to prodqqubqungEjnWENmﬁutl cal products in addition to thermal spray
(TS) powder ey attributes of 25 spray dried products for the TS

' ”d‘fét ry axe fh@@%esteﬁlte iﬂvé}{t%ﬁsfgﬂ?e% W5 ﬁ’le usQ @Y eaalfeggt? gt@\b ci ﬁ?&nﬂrﬁﬁ’cél’ Sesul ts

conpared to fuUs crus ensr ty
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applications of thermal barrier coatings (TBC’s) and high temperature abradables.

IR

BACKGROUND OF THE INVENTION "G00002*

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 agglomeration used to produce food
: and pharmaceutical products in addition to thermal spray (TS) powders. The key attributes of
25  spray dried products 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



equi pnent. Typically, as in the case of stabilized ceramcs for TBC
applications, fine particles (such as those having an average particle size
of | ess twam2afsut 10 m crons) of yttria and 5 zirconia aRETWSOed7i2h wat er
wi th organi c binders and suspension agents to forma slurry. This slurry is
then spray dried _to create aggl onerate rti.cles.that can en he plied
usi ng \offer é%bQWgFSr%qcbegkﬁ' g?ﬁ ﬁ%‘ﬁﬁﬁla&aé@gp%?tc%ﬁf w. ﬁmo(fﬂné’ﬁlﬂt.lonﬂ} @’ﬁ@@@gﬂ%&ng in
the use of separate yttria and zirconia raw materials is that it nmay result
in a cheupmadnti nhonmogeneity of the powder particles. Even though the bul k
concentration of the starting slurry may be correct, various 10 factors
such as rel atypiealpaas ircthe cadezof sthbilizet bertatessfor TBK applivetidiedfine patitles ng, and
«spray drying methods, anong others, nmay |ead to non-uniformdistribution of

t he CO_”@&&H :&’sﬁﬂ&% Habidd Ve SREDS pafticRslsiPabt led 18n hvbuRndeticiomspehitriseanghase
| |

stability, the nal coating nust contain an alloy of yttria and zirconia.
1n thhe case. of spray-cli T geleE .09

pr ocessinprizcs REFAL LispLyRR SHBhR b B ALARGAERR, 35y ST,
after spray_ drying but, before thernmal sprayin Al | oyi ng duri t he
sprayi njupy &ciben sprak dﬂég Yl |agglﬁglgr35§;f)%[\;?lgg that e a/lﬁ'bgﬁ @?pllfgi%ﬁﬂ’ga

hi gh-tenperature thermal spray gun, such as a plasma gun, to ensure that
t he powdeious shemmit spotatedhnipyessielceattanrpiechel phaspreming inaijie Mge ensepr@HERTa t o
ensure that the powder has 20 tine to alloy prior to the cooling that

occur s waenrdohR mevdeerihlepadibsit hiag redultiiaaehtmidabinhoaiogeneitk qftiedbpandeni t h
alloying during thermal spraying is that alloying my not be consistent due

to inh 8881 E¥erPhoh REIRBIHE onchitBatohioF R Harli8 @ luefy rhepbslesest, MafiBudlur i ng

t he spr process, or variations in the spray process. In addition,

y
non-uni formdi stri hution of the 3S 1. i - dr i 1 cles
cani estiflor fedapranitpReihe e BBl g ekl 305 54 Sab B
Further, spray dried powders with individyal.,yttria and zjrconi articles
2 W0 toeihods amaagmthasEmay iead oy iy disiighion pf Ge andnentindst Hray-
difficult to alloy. This non-uniformdistribution and treatnent of the
powder dmigd paticles | n non- honbgeneous microstructures in the applied coating
whi ch have poor or at |east inconsistent thermal and nmechanical cycling

per f or mance. [Asrder foefttlidve pR¥RBtdbilitygihe fingl @atug owst gontis aniabeylofyttréa/ard | ed
powders offer certain advantages in thermal spraying, these advantages nmay
be of f sgl.dhden 5O ReOrsh4yRir#P6RaeB)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 selecting 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



the inconsistent conposition and alloying treatnment of the particles during
spraying. The need to alloy the powder during thermal spray can be

el i m nat edlolg/4fp8af orm ng the all oying step prior to ther ndlCTEHYAHTIIY.
Conventional techniques to achieve this rely upon plasm densification or

sintering of the spray. dri.ed er.. e .suc | a y i . wder is
cur r ent #8PVEIQIMMISEANS l%glzgmlﬁéhg%%cﬁgm Y- %ﬁ%nérgﬁﬂgfﬁgfsgﬁggg’ggngr ally
known in the industry as a HOSP powder. Such pr, e-processi n}? el i.m nates the
vari at i weatmient afithe poWdsti may reauls EunYYhoAesREP U BIGOFMERITSFR f‘o%Pphlné
particles during the thermal spray process. The pre-processing also results
in a nogsatisg Midihhalel poos bak leasp mudasisteitahermed endmegunitel cyinglpgtiarmprceor to
sthermal spray that could prevent the proper alloying of the powder during
15 sprayi ng. AHQUBMAL evdinsudPiRredoRsy datribsdspent-diitCpnsdat effer estairhat
result from conpositional inhonogeneity of each powder particle. The use of
pl as densificatio rSknt.er oSd A £ ; i on
o “the. pottaecERPRS spRteE HeRSa AR aR HBY bl FARuAR8) soli® eAmRlARDy
inconsistencies in the distri ion of the individual  parti _ fromthe
spr ay- dFiRgpnSIKen, CApPPRU 't‘r,‘cp";i t ngptBWB?‘g oﬁg&? %ﬁr&‘ﬂFS %‘?%n S@%yg%‘%iti ngs W th
i nconsi stent properties. As an alternative to spray-dri.ed d pre-processed
powder s, fusdteanel oralloldhe porvdsduring ferpakprajse hethPHéatﬁggX PEFLOMHER g |
spray for TBC applications. Individual yttria and zirconia powders are

m xed agg deghg sm? fiforao theamatigrayingr Comventivhe teqhnispes to achiqye s tady gpon
briquette of fused material. The briquette is then crushed to produce
powder ' i ' dfied pbheirmMOneSatiayiadga dganiledl | y

bet mentas{nlagiﬁgﬁﬁ%zg%%?gﬁésﬁﬁg WV\%&%%%EQBI IE->CT/ USCO1L /-47){29 Fused and

n m ) _
of  Hos gBndiie PutHil bai B Bicel MR AICATR RS APUESS pl® slfehy oo

particles are_general enser d, harder to nelt.. This sl | ower
Flepos! ¢ fofedndiacyan apIGSE poydrn ey Bieesa sl FRe/efaldpd | D"Fhe
thermal spray jet. SUWARY OF THE | NVENTI ON The di sadvant a9es of known YSZ
powder ptoying cawsed bydnerngistent tieameaeidbe partiples dwang S thermal spray BIacesfed vSz
powder as a starting material for a spray dried powder. In

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 properties.

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.



particular, pre-alloyed cubic/tetragonal yttria-zirconia can be used as the
starting raw material 10 for a thermal spray powder produced by spray

dryi ng. Iwoazpssierred enbodi nent, pre alloyed 8% yttria Stcabisonzzy
zirconia is used as a starting material. The yttria can be within a range
of 5-25% In_alternatiyve enbodi nents, various other .pre-.allpyed ceram cs
can be used Fusepapdigrish &s g’aﬁ}t‘l&m@? ol Ty Wfﬂﬁ%‘%l%%cggaaﬁa Abtadabl e
coatings. For exanple, ceria, nmagnesia, ytterbia scantia, dysprosia,

neody i ef thesecpowalletsi can canserippinsistend powdgsfbedias t nisldition, {hetartieles are

Advant ageously, a spray dried powder manufactured fromstarting materials
of pre @neAY§denidr ah@ harmidr & melonThis pesnits debwar Heprsgenediisiepgwdiertor egar dl ess
.of the variations that occur during the manufacturing of slurries or during
t he spr ' A thé BRerhalsbta1i6t. Si ze distribution is used as
t he sta@%?%g%hng%ggﬁglo?%%&?ss al so no nie)e Jto all oy the 20 powder before
-or ring thermal spraying, reducing cost of powder production and
expandi ng the conditions in which the powder can be used to apply a

coating. Conparisons _of coati produced using pre-alloyed YSZ powder
accordiﬁEWMM@conventi onal spray dried or fused and
crushed YSZ powders indicates the powder according to the present invention
produces a c@h¢ disgdvantagesof knayon¥ & pewderpraducting techniquess are gddmssed tsaihe
[.17129 uniform m crostructures, |ower thermal conductivity, inproved

t her mal yghaakore-alb SE poiddr 4508 artin froiteria Gorasspray driadepowdeBRIEF
DESCRI PTI ON THE FI GURES: The foregoi ng and ot her features of the present

i nventi ?ﬁ‘ti%lhll gpegal fell cﬁﬁﬁ:ﬂ%l}r%’%oﬁgpﬁfrﬁﬂiirdcohﬁmah% wk&] 400k BEriERtak Baterial

descri ption aﬁ_ raw ngs of ustrative enbodinents of the invention in
For fba frrmiberma o) pEHABHR oG RRsBley YRS T R B A ko, FRA L 1
FI G 4" Pioxsa gy pieiabiEed Formt =gt THHiag Rper o PV IR el OF iR &
coat! ng?ange 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 powder production and
expanding the conditions in which the powder can be used to apply a coating.

Comparisons of coatings produced using pre-alloyed YSZ 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



shown in Figs. 1-3. 15 DETAILED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT(S) :
A preall oyed YSZ powder for use in spray application of thermal coatings is
produced W9 0RHFSH al | oying zirconia with a stabilizer sucHP@EUSKHIHTI2Y,
grinding, mlling, or otherw se processing the material to produce a very

fine powd ayi ap avera article si.ze.of about on [ i tude
Sl 1 or R R 1 S detrpal eVt g TR iR Pa iy tinc e
application, and then proce53|ng the al | oyed powder using spray drying
technlqm@§3@mﬂpﬁumuéﬁﬁﬂﬁ@3ﬁrealoned YSZ powder with a size range that can
easily be thermal sprayed. More specifically, zirconiais initially

provided typically in powder formand is alloyed with a stabilizer. The
zirconia is preferably stabilized with yttria in the range of between about

5-25% bgm@gscm@mw@fq@pw@ﬁgeen about 6-10% and nost preferably 25
about 8% Tn alternati ve enbo |rrents one or nore other materials can be
-useds to st ab'ﬂlé %ongm\{%arq%igr&%(i%gél €S 0 hélrft ivEhach W?béh{o%)f@aaﬂyn addi tion

or in place o exanpl e yttria can be replaced or

suppl enent ed ma a, ytte ant|

and cal emarert%%%ﬁw BB g o BB e T
the stabilizer, such as induction arc processing. It is known to all oy

zi rconi ehevmthhpntllfli\"éll(&hd then grind the alloyed 5 material to a particle
size suitable for use in thermal spray coating applications. Typical

t her mal spray- coaFl@gl ped micrdghotogrash sfmgesssestiom of a¥SZ. wiating formed ndings0
mcrons. In contrast, and according to the present invention, the alloyed
stabili éq_fbgﬂ;g&ggéra is processed to forma base powder having particle
sizes that are much smaller than is typically used for spray applications,

genﬁl.al l'y in the rgnpge, %[ da P& n‘?ﬂ: B%Jéﬁggféfdgsgse%ﬁﬁﬁ B?Ystl%ﬁtlﬂgssfohﬁgdf or

e thernmal spray coatlng proc a preferred enbodi nent;
al | oyed powder ) ticle size of | ess than or equal to about 10
mcr ons“SI?EéPé?'F‘@S’/ﬁg]‘ggi@BWFlﬁr’B% r is then subjected to a spray-drying
process during which the very finely ground hase powder is nt]ﬁed in a
slurry with wat er F@d4 ima graghef theﬁhﬁg@i ceiphyctivity 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



then spray dried to produce a pre-alloyed powder having generally spheri cal
particles of sizes 15 suitable for thermal spray applications. The
spray-driwg opaseder can be screened to the desired particl ee@i/ui/4rnoone
enbodi ment, the dried powder is screened to provide particles sized between

about 11 and 150 m crons. Various conventional .spray dr ocesses known to
Chose. offe P M A4iHOM K, OF A PIBRS QISGHE. fior SXHEIE) (A 5HS EAtbBeRUED O

slurry, or slip, is formed of the base alloyed zirconia 20 powder, an

or gani csupiphraesnteddrioiceiias tiagedsiae yiteiia, acanbipedspeasiay nerdyerp.28d c@letder . The
preferred binder used is CMC (carboxynet hyl cel | ul ose). However, other

bi nder s know@oheentioaslaediidqics chn bausddao alldy thewdiconia Wit thé stabilizen ghet asohol )
or MC (nethylcellulose), can alternatively be used. In a preferred

embodi npRbetjd e ?i'dbregéfn% af iDEloWRER MBYYircdniXardihd A 4na thd the¥l16yed

wei ght, preferably on the order of about 2% rel'ative to the wei ght of base

po roin the 25 sl.urr ] | | . - gt .ze of the
Spr - Py paFie Epditie STtk REIR b eimioifsd e Bel B TiTaE"can
easily bhe adjusted prior 'tf s{)raz1 dryin 8%/ adgi 1ad iléhonal wat er (or

ot her ~ s{HeHE|SErayr NFIBS PATHICI SIE4TdMESITIR FEUTCR 3 ?‘E}a i Q-2 IHEEP™SAYi sper si ng
agent, such as Nopcosperse, can also be added to aid in producing a uniform
parti cl eordushend penording ththe piresentinventionethgsilgyedagiehitizeghgitppniariy piospsspd toof

t he suspension agent relative to the base powder is added to the 5 slurry.

The powig Pbaxd poadeplnimgipartclegizeh thaparesanth smedllen than dntypiaily ased for appl y
thermal spray coatings. It has been found that, when conpared to conparable

coating r\%\f ?}E}ﬁﬁaﬂéﬁéﬁ FeRrhlf indht rRQVLEbRe oddBEoiBaitide ¥RdIIBONEe esHe@dtic €S

coating unexpectedly better "porosity distribution and a higher anmount
coniiict MopgRERsyER ep e OibanT L BRI Brelish it Moy der s 1y
hown S8 HORGIG ISSNEH G HRGEPU BPIS. Thi & ol ass of pouder s -
general ly considered to produce superior coatings. The specific YSZ powder
used is curr &heblloyedaitcahiagpomer Bither subissteshtozospeaysdryingpraerss dhonawhichat i ngs
were produced with a pre 15 alloyed YSZ powder, currently referred to as
Sul zer Wetvesy AlelQicurdritthspposiderds nacaiindi shgry 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. Ina 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



to the present invention. An analysis of the pre-alloyed and HOSP YSZ
powders used is shown in Table 1, bel ow WO 02/.1s931 TABLE 1: +100 +120
+140 +170v0AD@®3R30 +270 +325 -325 Density (gl cnB) O gani €CIAISOH47IEN . %)
Chem stry (wt(%i Zr 02+Hf 02 Y203 Si 02 Ti 02 Fe203 Al 203 Ca0 MpO U + Th

Monocl i ni c Z re al 1o Qwder 0)

0. 20 D 1Bng bR DRy SpRySTIEE by ac sl ateGend UG at 08 uitaR")
1.152.172.96<

0. 191. Supsdaotil §rdesived vigersity doregaipdodHsnring eayt Gﬂﬂeaw@?@fﬁﬂﬁé%ko 01<
0. 010. 026%1% PCT/ USO1/ ~7129 As can be seen, the overall osition of the
two povalss be added tbsiddntpraducing denibamepartitie susppusiontinfthe Slém“(ie eferahlit t he
«HOSP powder has a substantially higher density, the result of the plasm

densi fi gt o9 bgfd%?% 1Eehd Mspdnsion dgbt raiaticon the bhddpdvier & dddbd to the
contrast, the preal oyed YSZ powder is nuch nore porous, being conprised

-of “ery Il particles held together by the binder. The binder in the
pre- aIone powder al so introduces organic solids mhich are | argel y absent

t he HOSP wd Th h
:\/gt cerI\/B sp ]g?p%r@ﬁ%g{cei@?qqéﬁgél n sp\g%rggt 3 é %E%é s"slsepar aﬁ%?gr?eg%n ége

sel ected to produce_ a coating having a 10 porosity of about 11% The only
di f f er espsey enstinge nlt haebesndound ok dﬂ@a &Pmﬁgreﬂ i@ c@raRargble coatangs Sormasigising
PCT/ USULl/ ~7129 paraneters was spray distances. Pre-alloyed coating A was

spr ay edpridr a2t phivedess) tlee pe-allo§ed powdargrephueenitdatipgsiwidb anexpgcRdiydstiopr ayed at a
di stance of 5.5 in. Two distances were selected
porosity distribution and a higher amount of splat boundaries, and thus a substantially lower
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:



to account for possible differences in porosity. The three coatings were

then cross-sectioned and polished for analysis.
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is a substanti al

plasma densification process used to alloy the zirconia with the yttria. In contrast, the

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 9MB 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



5 performance increase which will provide better heat protection for a
constant coating thickness when conpared to conventional YSZ coatings or
permt theovau®3neat protection to be achieved with a thi m@EYYSEHTI29
the{efo[e :esshexpensive, coating. Wiile the invention has been
particularly shown and described with reference to preferred e .

t her eof parametens wastspraydisitaeesodrarglleved saatie SRYasISPTaYed Aka GBS F9 4 ous 10
changes in the formand details may be made therein w thout departing from
t he spi aridtpresatiopaioqatiof B Was spryyedtat e distante of f\bano N wa §tmcey wenwselppist i s
claimed is: PCT/USO/~7129 1. A nmethod of producing a pre-alloyed

st abi | | gefchint EtHcRsiBRMIferencesinipsidady Mhe drepeoatiips werd they trogs-gictioned a
-with a stabilizer selected fromthe group of yttria, ceria, magnesia,

ytterbi 2id ‘%ﬂéd osia, neodym a, and calcia, the stabilizer bein
present "l n&gl qua%?ri%ﬁggs' bet ween about 5% and 25%rel ative to the zi rco%i a

by wei ght; powderj zin he.al | oyed stabj | i zircanj a; - QL yi he
stabl | i zed 21\4\',1\%89 %%%Rﬁ%?f Qr@#g%@ﬁléthe oRte b%%é‘?&i éA\Oi%ﬁlg an
average particle size suitable for use in spray coating_.appljcations. 2.
The met brseplloyed bedtime D alohe meihparpdtygneashreryals are YD HFiEs 1318680 hog of
claim2, wherein the yttria is present in a quantity of between about 6%
and 10%mi@bplidtygraplostidves the venveissplat bodarine abpbres incthassmple. Wikl t he
yttria is present in a quantity of about 8% 15 relative to the zirconia. 5.

The net Q%gegf{te Gbr3kity foveldiTer @i fhat coRags a siuliat drtrhaiphplogyiiodifiofent.nkn
stabilizéd zirconi a powder conprises particles having a size of no nore

E Egn aggg%&ﬂ.@ﬁ@{’ gléed(gcga\%@gsr B%gﬁééd“'\gﬁh HERrE Sllo Jduabvifdr BYRS RBR RFEdd, shéh & ze of

10  splat boundaries, and have pores 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 smooth 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.



6. The nethod of claim1l1l, wherein the stabilized zirconia powler has an
average 20 particle size of no nore than about 10 mcrons. 1z WO 02/ 5931
PCT/ USO1/wdb2Q5981 The met hod of claim 6, wherein the aggl d8resoad7éwder
has an average particle size in the range of between about 11 and |50
mcrons. 8 A pre-alloyed stabilized zirconia powder conprising generally
spherical particles with an average size of between about 11 and 150

m crons, each particle conprising 5 a plurality of sub-particles held
together by a binder, at least a portion of the sub-particles being alloyed
with a stabilizer sel ected fromtheazgroup of yttria, ceria, magnesi a,
ytterbia, scantia, dysposia n . and calcia, the stabilizer being
-present in a quantity of between about 5% and 25% relative to the zirconia
by weight. 9. The powder of claim8, wherein the stabilizer is yttria. 10
10. The powder of cl ai m 9LasdndlashniltehmalCondugtivity Resdtent in a quantity of
bet ween about 6% and 10%relative to the zirconia. 11. The powder of claim
10, wherein the yiiri athickneps edaiRtiensity ategppanaturet y specifiabeatit d%sivigl atcondactiviy t he
zirconia. 12. The powdgg 26t cl gigmssc wherein at | easgt a subgtantial jportion
of the sub Jé-;n;gﬂ,rtl cI es (,naye a @lch® of nqocm)re th@, yqbout (@,p,syr der(wm_K)
magni t ude—s+a s averagePa e ;

13. The povvder of cI aim %u wher g] 4} at | east a sub%t aptial Gi’sBl on %61; he
sub particl8SPare no noré than about 10 niGrons in Size. g% '

(free-standing) .00213 0.611
1000 0.638 0.00176 0.540
PRE-ALLOY A 0602 4.84 25 0.453 0.00216 0.473
(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 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 0.533 4.84 25 0.453 0.00219 0.480
(coating on Inc718) 500 0.596 0.00148 0.428
1000 0.634 0.00139 0.427
PRE-ALLOY B  0.508 4.75 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



WO U2/ 45931 PCT/ USO1/.17129 14. A method of producing a thermal barrier
coating on a substrate conprising the steps of providing a pre-alloyed
stabi | i zewoaRxewmi a powder conprising generally spherical RarvsigHeedwi t h an
aver age size of between about 11 and 150 m crons, each particle conprising
5 a plurality of sub-particles held together by a binder, at |east a.
portion of the sub-particles being alloyed with a stabilizer selected from
the group of yttria, ceria, magnesia, ytterbia, scantia, dysposia

neodyl ni a, aAs cenfiroied, bytthe asalgds,|the pie-dloyedjcoptiag®e ithilechaying fan £ of

bet ween about 5% and 25% el ative to the zirconia by weight; and applying
the powdgkedate édhpdaithmt dndipRrosityng tiee HOSPrabtisphaye pthoosslscondactivity wither mal
-barrier coating produced according to the nmethod of claim14. 16. The

met hod qf ' fvedrThdd B $taA@ird S miaferit, L THiRs dldibsthhgalnet hod of
claim1l ,ap Og?lg%t%@%og&yttrri a isepr esernt in a quantity of between about 6%

and 10% relative to the,zircania.. (=Y rein the
yttrl a P??%P’@E%%ch%s%wa{fgrwlﬁtp);mgg &g%tg)%p 8%@? @E&?Oéﬁg{ ?\(/:ghét%ﬂt% ﬂgtmz]")ier coni a.
19. The method of claim 14, wherein 9% Iea%st a subst&gti al ,porti Onié)ftot he
sub par thickness WaspecomparstoponyentiaRAkY B4 SALHIES OF PEIL Y SPOSHCRERI RIS IR

smal | er than an average particle size of the agglonerated powder. 20. The
met hod bé achievethwith a thenasj amddherefone tesaiexneBEVefOREE - port i on of the sub 20
particles are no nore than about 10 microns in size. 14 WD 02]-s931

PCT/ USOL/ - t 7{2Q1edhe irfvehtion iR bdeapaitieulaclgahowg and desciibedyithzeferanne to al | oyed

wth a stabilizer selected fromthe group of yttria, ceria, nagnesia,
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.

11



ytterbia, scantia, dysprosia, neodyma, and calcia, the stabilizer being
present in a quantity of between about 5% and 25%rel ative to the zirconia
by wei ghtwO®2##981t her mal barrier coating having a porositY@ubeii2911 %
and a thermal conductivity | ess than or equal to about 0.49 WmK at
terrpera(tjures of at least 25C. 22. The thermal barrier coating of claim?21,
wher ei "CEABMSt api | zer is yttria. 23. The thermal barrier coating of claim
22, wherein the yttria is present in a quantity of between about 6% and 10%
rel ative to Whetsidaimeias: 10 24. The thermal barrier coating of claim 23,
wherein the yttria is present in a quantity of about 8%relative to the
zirconia. 251. A tAanethbd bAprodecing agté-allpyed siabilized gircoria powiler COMPHFEE wi t h
wyttria, the yttria being present in a quantity of about 8%relative to the
zi rconi @deRepef:ght; 15 the thermal barrier coating having a porosity of
about 11 % and a thermal conductivity |less than or equal to about O0.47

WmK at te . I . rdepi8r iang of
ol ai'm 25, - nabiny bt Fbafufh o sBiilze e hon 1 B UG g ESRY 0 4
Wm K at tenperatures between 500 and 100 . 4D VWO 02/5931 .

PCT) USOLIG DL 33m5% OoTRESE AT 20 FUP A5 SR 0r bITBPIROTE M p ayyy ot
thermal conductivity of between about 0.47 WmK to about 0.375 WmK in a
t enper abetween abyik SHeanedYs peatiyedo tiypgragniatyy weght;

.Au. AL. &l . A& A U&Y% As. A" . 9. A {r. A&l . As9. Al 9. AsU9Y. AA& A" & A&U& . Ahl . ANi UgO{
*jou powderizing the alloyed stabilized zirconia;

spray-drying the stabilized zirconia powder to produce an agglomerated powder

10  having an average particle size suitable for use in spray coating applications.
2. The method of claim 1, wherein the stabilizer is ytiria.

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

about 6% and 10% relative to the zirconia.

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

15  relative to the zirconia.

5. 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.

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

20  particle size of no more than about 10 microns.

12
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23] 334R4441L.555R6n6| w mhc”Y] ] ] ] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] caU

‘] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! n6{ 6666666666

77, 7a77Q8" 8989V: : A eallpyed stabilized zirconia powder comprising generally spherical
&<<<<V>>| wr mhc”AYThc”] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal] calpsatieaWitandveriat ezblot dtfveah abddt dalad U0 alicrabl,each particle comprising
>?r ??@@\B\ BBBCCC( CXC/ G GABERGGEKHHHAI | | MleJkJyJJJ| wr mhb\ W c] ca] c*al] ca] ca] ¢

e USRI R s o )
el lgn lspiatahlen sellasaban gl -

VWOWNAL X\ XXXYVYYY' Z- ZI ZsZZ, [ i c]] ca] ca] ca] cal] ca] caéca] ca] ca] ca]

cia]( i:ﬂ cerpRkg, claPROs|aRgodaTes A8 ]C@Ia]aeaw HEeE Being Press B pOAPRE éf’& qe].[ \ 2\

<

AdAN_K_ddut B% and 2594 kals@; foithé sirdoylid b whigbk] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cai bC 10% &
"()-1 10%& ()-!'0Z"1098S& () -

Z"10%0& ()-fMLO% & ()-& !'10%& ()-UJEL10% & ()-310%& ()-z

10% & ()-"1092& ( Jhe pdOdesof(claifitg, Gdlsein theofddtet is & &' () - Y109 & () -

, #10%2 & ()-!1z10%z& ()- 10%& ()- yz 10%& ()- *uj _@L10%& ()- 10z 10z

10z: "10%& ()-! +10%& ()-8%40%& ()- 6#10%& ()- | u 'dE _@YWO% ()-

y& 10%& ()- S Y109%&' ()- y310%& ()-y-#10%& ()- "&L0%& ()-"

"dE o @! 10%&16) - The powder of claim 9, wherein the yttria is present in a quantity of between

about 6% and 10% relative to the zirconia.

11.  The powder of claim 10, wherein the yttria is present in a quantity of about 8%

relative to the zirconia.

12.  The powder of claim 8, wherein at least a substantial portion of the sub-
15  particles have a size of no more than about an order of magnitude smaller than an average

particle size of the agglomerated powder.

13.  The powder of claim 8, wherein at least a substantial portion of the sub-

particles are no more than about 10 microns in size.
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y 10%&' ()- f10%&' ()-s#10%&' ()- LFYA0%&' ()- #10%&' ()-BTdE] _@. #10%&' ()- ,
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,110%& ()-s*#10%& () - FY(4" 10%& () 3& 10%2& ()-3=SxnbCL10%! ()- 10z 107
1029° 1096 Q) - | 7- #10% & () - GS5- #10%& () - &3#10%& () - 3kdEMbC 109%&’ () -
&Z109& ()- 109%& ()- 10%&' ()-3S- 109%& ()-

" 8109 () - mifroEidinGst PrOMBsye] stabRiEOYEréoma BEHd YlinpYisiny HRAGally sph]eﬁw' (0)-

10% ()- L ¢ ! dEmbC 1S109%& ()- s.!10% ()- , "10% ()- *"10% (
| (" 10% Mcle@i{ﬁ%a%rag&ﬁé of betweBfabok® Y& afid 184 Rilérohs, ea alﬁclé%fn H ()
F51100& ()- O3100& ()-8 " #l #EAEDCLOYE () - YALOV& ()- 3y @ OY& () -

maove 17 HRGES %‘%Pﬁ%ﬁ%ﬁﬁ%ﬁﬁ%&@ﬁtﬁ%ﬁ@mﬁ#%%Pﬁaﬁ%0%&- 0-

F(! 10%3}5%1(@ alonegiO(y i tab&égr%&leg:?ed flrom the 1819 gp }gttrgfi( rcrgr% }19;)@%;’“&21, ytteg)la,

scantia, dysposia neodymia, and calcia, the stabilizer being present in a quantity of between
about 5% and 25% relative to the zirconia by weight; and

applying the powder to the substrate using a thermal spray process.
10 15. A thermal barrier coating produced according to the method of claim 14.
16. The method of claim 14, wherein the stabilizer is yttria.

17.  The method of claim 16, wherein the yttria is present in a quantity of between

about 6% and 10% relative to the zirconia.

18.  The method of claim 17, wherein the yttria is present in a quantity of about 8%

15  relative to the zirconia.

19.  The method of claim 14, wherein at least a substantial portion of the sub-
particles have a size of no more than about an order of magnitude smaller than an average

particle size of the agglomerated powder.

20.  The method of claim 14, wherein at least a substantial portion of the sub-

20  particles are no more than about 10 microns in size.
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23.  The thermal barrier coating of claim 22, wherein the yttria is present in a

quantity of between about 6% and 10% relative to the zirconia.

10 24.  The thermal barrier coating of claim 23, wherein the yitria is present in a

quantity of about 8% relative to the zirconia.

25. A thermal barrier coating comprising:

zirconia alloyed with yttria, the yttria being present in a quantity of about 8% relative

to the zirconia by weight;

15 the thermal barrier coating having a porosity of about 11% and a thermal conductivity

less than or equal to about 0.47 W/m-K at temperatures of at least 25°C.

26. The thermal barrier coating of claim 25, having a thermal conductivity of less

than or equal to about 0.43 W/m-K at temperatures between 500 and 1000 °C.
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