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WD 2004/ 015158 PCT/ US2003/ 024541 1 PLASMNA

SPHERO DI ZED CERAM C POANDER FI ELD OF THE | NVENTI ON
wab@4prasent i nvention relates to ceram ¢ powdBCEHUS2003/024541

particularly zirconia powders, and a 5 process for

the production of ceram c powders in which the powders

have a highly uniform conposition. BACKGROUND OF THE

I NVENTI ON St abilized zirconia powders are wi dely used

to provide t HRUASNA SPHERMDEZERCERAMIGEBOWDERLO resi st ant

coatings to parts that are exposed to very high

tenperatures during use but which are also exposed to

anbi ent t enper at ur eglELD lOF T¢EERVENRORVeEr, have a
wel | - known drawback in that, as it cycles between

hi gihearasentiwentionprbates to ceramicipowdee dpgodalyzireniznowders, and a
|
o BRERE DR R TERER AN BT

t enpe
compesitone nmonoclinic crystal phase structure, which is
stable at room tenperature. Volume changes occur as

this 15 crystal phase change takes place conprom sing

the physi cal Intsm@mogmo@?en@mvwmcoat' ng. There
i s anot her phase of zirconia which is:also stable at

t enfiahilizedizisseniapanders die widely rueaﬂ to promue themmﬂxostable and abrasion

st AP b8l R o Bt BB R o R R e

alsofefxﬁds@ea &B%ﬁb@n@teﬁwﬁéré@%n fldoed! Htiw‘%vérshévé %Weﬂincfvﬁ{ dré\ﬁ'cﬁck in that, as
oses of this Description as a form of

it cyﬁ!@$ mngh@né@w termperateres ditundergaas dgnistahghase manee framthe

B85t B N BSRO BrBh LT o

crystahpirege structure, lwmcb iBrotadle dt oot serative) Valewle hang@yndcaur a8 this
Stabilization can pe _achijeved by the

er coat
GWSE?@ PGP@“@F SHGHESPMBOMisHgthe; Rwacel intearity gltae gifeaniafoating.
. al
Thefdls E“H“P*Bﬁéggéfﬁf‘?@"i@"”’nﬁﬁé’é flabic SRR ERRORES
mormolmic/tetgagozﬁxhtmnsmomietmmemre (tha:‘!culnicé' phasehi But incedittieor degolume

ohaifdhiado @8 pf e sl BEM G o ebogdnah s hesli ebhapithoses O i
DesEifAbh BHSfofh 6F t@@égﬁnélﬁﬁ&etaﬁd @rnepd@ﬁ%me@%?e#%' e
pr: .otective coatin surfaces or hermal barrier

codi Prigsto reshlvg thanréegnp/mr@mamnswt’a gistaniadoatings msalgmg froyn the crystal

s o 50 AR S, 0B ot
achn@%ﬂhé KWoN sTaquimbertt additiveeitlat halk thdleftdefof uﬂﬂitﬂ@the'?i@nversnon

184 to Longo et al., in which an aquequs sl urr)é
fronbfbﬁfgﬂa@qnﬁ@r)gtabwI@ﬁ@todme monoclinic crystal phase upon coolmg Such additives

include stabilizing oxides such as calcia, magnesia, yttria, ceria, hafnia, and rare earth metal
oxides.

Stabilized zirconia coatings are widely used to produce an abradable protective coating
on surfaces or thermal barrier 6oaﬁngs. They are typically applied as sprays by a flame spray or a
plasma spray approach.

In the production of stabilized zirconia powders, the most common technique is described
in U.S. Patent No. 4,450,184 to Longo et al., in which an aqueous slurry-comprising a blend of
Zirconia and stabilizer materials is fed into a spray dryer to form dried porous particles. The
porous particles are fused into homogenous hollow structures with a plasma or flame spray gun
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zirconia and stabilizer materials is fed into a spray
dryer to formdried porous particles. The porous
w@artiocdies are fused i nto honobgenous hol | ow st PO/USI08F024541

with a plasma or flanme spray gun WD 2004/ 015158
PCT/ US2003/ 024541 2 which nmelts and fuses the

conponents such that the particles ejected therefrom
are stabilized zirconia, Thermal spraying.of the
whch‘mbltsQiNd ssbethe Somponatte such tim thewsrtialasiejatiedtiebien siestabiized
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powder having a high |level of chem cal and

nor phol ogi cal uniformty, which in turn, provides a
waloalolasg hermal spray coating. 30 WO 2004/ 0158GBUS2003/024541

PCT/ US2003/ 024541 3 SUWMVARY OF THE INVENTION In a

first aspect, the present invention is directed to a

zirconi a powder particularly adapted for use as a

thermal barrier coat.i E\g whi ch

nor phol ogi cal | y andMy %QfaTHEy"C‘IMER?'Q m stabilized
Z eré’ﬂhtaas at, ?ﬂé%r{s@ﬁﬁ?ﬁﬁﬁﬂoﬁ%ﬁe@t@& to? dinko @l‘ [Sja?tlc%llarly adapted

ow s eres e zirconta 1s C enlca %mg
for usmas a)tgnenml arnies eveting Which edmprisdsromsphioiogicallyand chemicallp aniform

h bi | d
stabfiigi e 8 i oL SR baiRE bR RO NN 5 T2l 20
NOrRE ﬂh‘é% %hEMlch&W'uﬁWnWaﬁ@Qy A% nieahtgnhdt ﬂwﬁﬁ@ﬂ:aﬁ@éﬂlea@i%% pure

| east 95 volunme % of the zirconiais in the form of
and isshleass abaut 9496 Ay waghtustab@zeﬂuIrz@tesagqnélwstah@hmbﬁmznrm is also

vor o BURHE i a5 GRS PR BB IR R SRS

formroa@?W@Mﬁx@ﬁﬁrﬂcl&@xz@bﬁemmmmﬂe nwarﬁewrabTm s@herh@msyl be
% hol | ow spheres. l.na (iareferred e od|

som@wwrri@fanmeg buta ifesianit based ¢n srfiesasr BN, hgw%r@ﬂdom shapes.
The %ﬁrﬁe?ésea‘?e Ffe%'gﬁggggsft g ?Bllo(»\fﬁpﬁ@é?hfh atsﬁ?é Heﬁﬂé éﬁemncally

erol de |ze Zl rconi
umfazmrstaamrai dremiia it h@htréat@%ywasmalf@rmh tmaxhhautlhe nifbstantiallg epheamdal

Shap:?,n ngé’r@@y,%rsia%ihﬁgf %éqlg,cog%mgr es g@,{o\é@gv{le(lq?\gwonochmc zirconia.
CONpA| l%féﬁ@d Bﬂiebtoﬂ% BBt Fh%erfﬁf)n rétdtrédtéu t§ b #akrhaliy §ﬂayable

2|rco | ow spheres having a 15 rticle
comphsition oOmmmg hollomspbaf@mf y&wtabnheecbmoma, e mﬁmmhares having a

perife afee Bkt e B Py mlo BRI AR B Vel Bl f8ofbecdto

the ﬁrbblﬁé Bpelediofabion griak 16, foriviatonzdf hedolio spheras. aPraferablg stie tiftania
0% b ht nonoclinic zirconia. The hol |l ow spheres

contalﬂ&legsf Y2 a‘&by weightraenoclipi zseoniand he helibwsphergs aje preferably formed
byplaa@l%lﬂﬁf aspect, the present invention is directed to a
rocess Tor produci ng 20 spheroi di zed ceram c powder

c orpyétanotier abmsct the rpseserﬁt mvpntmn lsothrwecato carpeommml producing
uni form stabi]ized: and . heat tre

SONGTP GG RS TIPS G HE SRS 9 MONIES Cgsebote) depiized
ztrccﬁvﬁ} i aﬁ&drtﬁé‘.larcHﬁlhfo%rm %l%staﬁﬁraﬁ’fﬂl&w Z;§f1ere§ Rfdreofof
1A |ze ceram

c nmaterial conprises rconi a .
morgltoddgickl undatmitys Paeferably dhpstabilized gesanalt matedal somprises airconians
n ab

Less th 0% b vve' ht noc in' ir ' -
stabffa o PP A S PR ALY F R B T ot o Doy Mgt B
zwccﬁﬁae Cl‘hé @faﬁiﬁie@ er&fnlalé prefrHbR fmed By @éaveiubibi biicohfa angiadeabilizing

Preferably, heat treating occurs in a ff' asnma spray gun
oxider P@fqratgmgeaggeaﬂpg ReHrs imaplaginbgnsaysgun or a flame spray gun. The process
may further include the step of comminuting the stabilized ceramic materials prior to heat treating.

In still yet another aspect, the present invention is directed to a process of forming a
thermal sprayable powder coating comprising the steps of: providing a zirconia feedstock whetein
the zirconia is at least 96% by weight stabilized in a tetragonal crystal phase; and plasma fusing
the zirconia feedstock to form substantially hollow spheres thereof. Preferably, the stabilized

zirconja is formed by electrofusion.
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may further include the step of comm nuting the
stabilized ceramc materials prior to heat treating.

WO 00313158 yet anot her aspect, the present invePtT/O8200%024541

directed to a process of formng a thermal sprayable
powder coating conprising the steps of. providing a
zirconia feedstock wherein the zirconia is at |east
96% by wei ght stabilized in a tetragonal crystal

phddeinvemidn plsageraprisessa prgcess iy theapplication of %nfhﬁ%ﬁﬂ Barderigogting to

2 sub L PHATFhAeRlefud Roiaf PROFG Ebshl® UPALe LRI Podttion

com)zf\@u%&@édlmEﬂrﬁffch%ﬂ’éééﬂ%%ﬁﬁét@tﬁlééeﬂm theﬁeffdrgenal forenitaving aal SO

SUbSISTUBIY QR B SPGB AR Ses Eeles gn P ahd ore
prefé@%%lle?tﬂé@i/ §Hﬁfb¥dn‘i€%r§ hg réfé’rF?ﬁ%ttB ﬁérﬁ?lé‘v\% Hé‘uﬁdéfs%ﬁ%%a?the
¢omposi tion a, o i ch at

nprising zircon east

refe@666 is ® wiualei avemg@lpamme sites unlessraditpowiad affparent frammihie aentext.
substantially uniform spherical norphology with
particle sizes smaller than 200, and nore 5 preferably

smal | er than 1BREFMESCRIENGN OF THE DRAVBINGSNG to
particle sizes it is understood that the reference is

t o Rigresrihiough 4ge eipmentabiing seans ekwalisinésed rarteiss fiomg@ommercially
t fr nt ext BRI EF DESCRI PTI ON OF THE
a,va@ dﬁ”%%@fggmough 4 are elenmental |ine scans

ré 5 BiaRleRhRAtaPME st &N oF 8 hblloarsp EaoiRECibiY paridl made in
ava abl e stabilized zirconia powders. Figure 5 is an
acceidanee witthihe prasentdamiodss a hol | ow spheroi di zed zirconi a
particle nade in accordance with the present
i nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBCDI MEETALEDTVESQRIEHONIOH THEEPRERBRRED EMBGRIMENTt 0 a

thermal sprayable zirconia powder h V|n v
uni Femese Hdmeatan i diaplediod hmalsaTarah BRER ang,oow&qaéavmg 2

ver} U r}ﬁ&ﬂﬁh ﬁ’\f&ﬁ@%ﬁ'ﬂbﬁhoﬁ%ﬁ@ hol@@"‘qﬁé th@Fn?% ?beé o8

er ol |ze ven nore pre
povxsiptmefenadly hegla sp:mroudlzeki ehapar md@Mtnsmemtpr@&ral;}y iﬂ“@l slpbamdl@ed

e QE TR A oo e S AR LT B

den@@&%ﬁﬁbs%@ c&éﬁnQMth&mrf@m p@R)@W deb&rting onfihePspPdy cBRifions. In a
preferred enbodi ment, the thermal sprayable zirconia

mog pretesied @mb@dmem.rt&@ﬁmal spmy@ble PiEsania pAdar sEige presenéast 90

inve§f e AP un AP % ArO5hiE phE Bl S B A"
by \ﬁelgﬂlt Ztg!;l{zeé imtbe féﬁagiﬁal fddaris ﬂtiﬁlﬂlgg%@fl%e tl\)?]dg@;t)rgﬁ?wqhe ais

sropo et B OBEh-y sldot g Dot agenss RTBgoBTosETYgRY, o
leadtBholbock bthklghteebibd ih e Wiabémpemg! form

The zirconia feedstock used in the present invention is stabilized with a stabilizing

oxide such as, but not limited to, ytiria, calcia, ceria, hafnia, magnesia, a rare earth metal
oxide, and combinations thereof. To achieve a high chemical uniformity in the stabilized
zirconia feedstock, the stabilizing oxide is preferably electrofused with the zirconia. The
amount of stabilizing oxide used may vary depending on the result desired. A sufficient
amount of the stabilizing oxide is an amount which substantially stabilizes the zirconia in
the tetragonal crystal phase. The stabilizing oxide is desirably fully reacted with and
incorporated into the zirconia crystal structure such that X-ray analysis cannot detect a
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25 The zirconi a feedstock used in the present
invention is stabilized with a stabilizing oxide such
wa@sggo4bugissiot limted to, yttria, calcia, ceriaPChabmoxg24541

magnesia, a rare earth netal oxide, and conbi nations

t hereof. To achieve a high chemcal uniformty in the

stabilized zirconia feedstock, the stabilizing oxide

is preferably el ectrofused with the zirconia. The
signifuamiemtouof, (netradse thaa #94Y oftké menasinicizirsayia.y Breyanbepaitieng on

t
st oross 15 BEh o 2ugi Aok ik ol 01 e ol BF,
effechie?d? loweZ B Felé. 'or kdnp®indnd dase bifrecdnid dtatdioadbisigy s, ah

phase. The stabilizing oxide is desi rablg¥ltful 'y

eﬁectr@ammcemt Rt e abaut 1% bid Gardisrasthioh as 2% bynesidht; fof Brapngsia,

s 34 Sy S e B s Bk A G

may $é Usydl aiREot a areasnth metahexidepateut 19a.to bt 6064 bytweight. A
nmonocl inj ¢ zirconia. The amount of the stabili zi ng
mixte pErsaliiziag eNgesInd Bseiseh to about 10% by wei ght but

SOH¥e ?fgﬁiﬁ’ilrr{rg @ﬁ%ﬁg@é@bl&?ﬁrfzﬁg bicGeeBWwith ‘é%frcdngava? Ls. For

exanp Zl rconia stabilized using

tempetdture eangaof abeliff 76004e ahmb?ﬂfoﬂ Creuych reat ecbnmhents 8ebut can

5 about 2%

Coma@eu%ﬂ?'?@sg S'BQZF%{% fbséqy’%l E%%'} tieW gﬁfﬁ’ ﬁ‘rgarc&ng 5 about
subs?aﬁhélﬁ c@r’ﬂ@@{ely%/ B YetrdBdndyst s@eUb&r%olrn?WroﬁrW arare

oxl de, about” 1% to about 60% by weight. A
temperatire the stabrhzrratmo(ilde maintpine hickelsagengl state ayee blelov&rtlne normal

vaniio Prpietad®, S8 pitgned LRl okl bl Shol bal

: coor&Y Wﬁ:wfa@r é\%%hci?tﬂﬁt%é mmbwﬁmbkeeemeﬂuvﬁof@mreis@nd

letely nmolten and, since this is above the
coole(r tapsavidedine pastigiesof stabiized girpenia with a very hpwogesoyssahamicalal | v

comggs'q?)hek %thécf‘ofhp&}cﬁlﬁ%{h@ f?eehl zin (ﬁrﬁﬂrﬁ'st@h?\ﬁ;oxr%&@%r%gre

'00 erarure,
rapidvealidifi @ﬂmstehdiu ts stabitizectyotoizdgosdl &rm obxieonibdd diseldsbeinibs.nal

Patebie e T AT Do Joareisrat DY el etahl
the ﬁ@%%lﬁg fﬁé éle %féblﬁie@zrréogﬁ aFBBﬂrrtt ée? b&ﬁ\‘nrh&e@r%ﬁﬁllyutﬁe fife 0

esan cool e to prOVI
partiolas arecmlumi t@a sge abedsithasdbauit b cinions, pieferably lass rtlyan about 2

PR Al SRRl SR e bl BER G oons e

thenh&TE@bly Bpray diaddl hd Sellebidd &d fraforeratddyraetisle OAtoadt the ze the -
tetragonal formof zirconia, is disclosed in U S.

aggioaeafien 9lep is otawseniady the practish of the inyeniipn, difoespreiddes more
usogfieGE0F AR nEat b ALBAENGFstaff Bl Z ek dstifed fRAL ' 10

C orfmeragglerﬂrerafé)drplamalet §re further Hebtrteaf2@ tqcxamu subktantiatly kollow
mlled to a size of |ess than m crons,

- spheyesthereabhiaying agiform m@g:molggy@ B paﬂrcalaﬁ preferred form of heat

treatment is a plasma fusion process where the parucles are melted togetherin a plasma
flame and collected as a fine powder having a high level of chemical and morphological
uniformity. Substantially hollow spheres of the stabilized zirconia are formed which
preferably contain less than about 4% by weight, more preferably less than about 2% by
weight, and more preferably less than about 1% by weight, monaclinic zirconia.
Preferably, the substantially hollow spheres have a particle size of less than about 200
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m crons, nore preferably about 0.5 mcrons. The fine
particles of stabilized zirconia are then preferably

wapooaypisdss ed and col | ected as aggl oner at ed parPCT/US®N3/024541

Al t hough the aggloneratiomsstep is not essential to
the practice of the invention, it does provide a nore
useabl e size for further heat treatnment of the
stabilized zirconia as gl scussed bel ow. 25 The

micrapg moReprateeahlyens thapiabaut APEmicigns.iad mestrefen ﬁ@bt’%& theg

aboﬁ@f5??n§r%’§t antially hollow spheres thereof having
uni form nor phol ogy. A particularly preferred form of

healtlnexpeoéeﬂlmﬁletsubsfanhallp hollowespharss nfrhhqmtahdlesdszmbma e the

ook btean@LE T eheRed ARERO Ao dha u P Beblaicpatt
is aldbR0biAL 9B dy W@iﬁiﬁ?@bl%’d Gethe teﬁﬂgcfn@wﬁs‘{él’ phagk!, Q}?éfé}ﬁbly ally

hol | ow spheres the stabilized zirconia are forned
leashabath98e bpwergbtrsmbih;edamﬁhe tatraganabesy st ahasabamdtmon@/prbfyrably

A R T

sphéf@rdtzeﬂ p@WdErsZcbﬂtmmsant mv@ntbﬁ\@drmbhare stable asdfisabindoatiigs ue
|l ow spheres have &Fﬁartl cle size of |ess than about

to t@dﬁﬂwet@mmf@'ﬁ@ veor et eledpiusion of the aiceriaaad nore

stalfﬂfzfﬁ? %ﬁl@%iﬂflcﬁ F\ﬁﬁtaﬁt[éﬁnstatﬁﬂ {e%@cgmﬁ gl@%ﬁﬁmem@nexg&ﬁ les dqf

the stbhahzed lzﬂsGoaratmaﬂ nhoye dfaﬁwmﬁcaizp@efﬂm?aﬂéw Bm][esm?bhdlogzyladd .
rcon ve .a of chenical an
co %fﬁB‘F“S@P{;‘E‘? gté‘?ﬁ‘lzf’@’i"%t'ﬁ%/z“\mé? gﬂ}? CPﬁfE‘Qi P%\@H gUe By s at

e oA 0 B, oo by o gy g

Conéltl@tbl lized in the tetragonal cryst al phase, and nore

Pt VSRR 2lcHRE e ol oSl i ton o

the tefrbgonal aiyst ghazeortee Srcoffiia iseuck, dsiRRhowbeaghoan th‘at)lh m
nore stable and durable coatings due to the hig

compgarjean tyeonamaaialy avallable ?'Eﬁoﬁ*latP9W6ﬁ5%5tﬁ'éi“Zteﬁ é"ﬂé}’tfé'étth%f usi on
sph@rfob Sztgg I’z1|fdo iiéfb%@tir@gﬂ? éh@se?ﬁ {f\? ef’“é'f%@gfﬁ ?gﬁs?a?)géﬂé’ﬂfc%oramn of
the giptadnto tmzzmlqa dible tillestates an emmetcﬁblzimoneqbowdm@bmé a
nel .t re readi] ause of the hollqw sphere
pro3ph BHRITOI CaePTs oM BieaTErer G PR E e SReaif oy
f
R e By AR DR Ry LR 1EREP)
porosity depending on the spray conditions. 15 To
obtai n durabl e zirconi '& mal sprayabl e coatings, a

uni form stabilization e tetragonal crystal phase

E_x,pf the| zitgegry,a 1S criugodlzo,l t has|yaygbeen shown t hat
" ol % ol % K

PF 100 ‘ 0.0 ’

PX 88.3 ' 1.7

ST 98.9 1.1 ‘ --

M1 95.6 44 . -

M2 89.4 - 110.6 ‘ --
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conmparison to commercially avail able zirconia powders
stabilized with yttria, the spheroidized zirconia

w@owdersisd t he present invention shows substanPCEIS2003/024541

incorporation of the yttri'm into the zirconia. Table
I illustrates an exanple of a zirconia powder of the
20 present i nvention in conparison with comercially

bilized zirconia powders wth regard to

* ln<§‘ \éeis cublc zucogl as ga tas tetr]agonél

ach crystal phase through X-ray
PF Wﬁpmarpaf@wPfdﬁprwtl@tene‘)XRD) TABLEI Ex. Tet * Zrfh Wno. ZA
PX SY@REXAIR ZRO™ {vditie rdMBINxD/1d)) DahRkry, TEMEctic@. O PX 88.3 11.7 - - ST
ST%ARQYiavélamefmmM«St 4.4 -- M2 89.4 10.6 - - 25 WO

M1 %&Qél({zgﬂ\é%avallafq% ﬁzgqglﬁgcoam sFo %ﬁ@u%ﬂgl udes cubic

Zirconi a powder
M2 HETEGrae w@gwm@emm. on PX = PRAXAI R ZRovv aval | abl e
fromPraxair, Inc. Danbury, Connecti cut. = STARK

YZ ' G
12 MURMRL Skt it oldogd 1y M‘éﬁ% tedhn
all saemtelsut i the\bbncehﬂ?atm mmmamnmmmamm deteomin&a v izathver
Alth t ot
oo S PGS B3 o e B
i ;
""E'Ska“%f*’%?%%ﬁ?ﬁ?iﬁp&eﬁet T8k, BRAEBEHR tn RUERE. o
thrasigh 4 teadeddraine shesorpasition eﬂhe perides. tne‘figmghrhrw elementdl kirle

sk S A DS oy

andlyjze@tig Rothat®a aigfbet éUnfp@snﬁd?n&gNéﬁ mhilméaﬂhr@freﬂré@nnng
particles. mental |ine scan, edge

yttrw Ja@eforeoﬁlthaughéﬂin dd n@t@ef@@t vsram ﬂtﬂ elementaHing spaneshpws
thaﬁﬂé’Y\‘glratr%%t Mﬁ@lle&&"f’){)ég' f&ée\%tﬁ %{éﬁﬂé%ﬁﬁ : ﬁld %ses'g?ﬁ, ltr!éﬁcéﬁ\pgsmon is
notsefficiadle nhenm@ll)uﬁnfymt rThe spikeTin difeejliomeline alrthbrcattgéts WRRheli d
parEc?é is %Eo %gttch%l%glly o%orp#o?oglcaﬁy uni (t)r?nl in hgure%. ﬁe elemem line
scan of a well-sintered particle of Example ST, edge to edge, also shows variations in the
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By electrofusing the stabilizing oxide, yttria, with the Zirconia, the stabilized .
zirconia is relatively uniform in composition. Further heat treatment such as plasma
fusion provides the morphological uniformity of the substantially hollow spheres. The
unexpected chemical and morphological unifo,rmity is clearly illustrated in th;e elemental
line scan shown in Figure 5 of a hollow sphere of Example PF. .The substahﬁally linear
yttrium line illustrates that a cdmplete melt and re-solidification had occurrea to provide a
chemically uniform sphere. Also, the substahtially flat silicon and iron element lines
illustrate the morphological uniformity of the sphere. '
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illustrated in the elenental 1ine scan shown in
Figure 5 of a hollow sphere of Exanple PF. The
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a conplete nelt and re-solidification had occurred to
provide a chemcally uniformsphere. Al so, the
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al t hough the commercially available stabilized
zirconia powders appear to be simlar on their face,
the spheroidi zed zirconia powder of the present

i nvention provide a nore chemcally and

nor phol ogi cally uniformparticle for thermal spray
applications. The chem cal and norphol ogi ca
uniformty in turn produces thermal 5 spray coatings
of exceptional durability. O her variations and
nodi fi cations of the basic invention can be conceived
wi t hout departing fromthe concepts descri bed above.
It is intended that all such wvariations and

nodi fications be included within the broad

under standing of this invention. WO 2004/ 015158
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1. Zirconia thermal spray powder conprising a
chemcally uniformstabilized zirconia wherein the
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in the tetragonal crystal 9 phase, said powder being
in the formof substantially spherical particles
having a particle size of |ess than 200 m croneters,
at least the majority of said particles being holl ow
2. The zirconia powder of claim1l wherein said, hollow

cLAgsticles have a particle size of less than about 100

mcrons. 3. The zirconia powder of claim 1 wherein the
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A process according to Claim 5 in which the zirconia is stabilized in the tetragonal form
using up to 60% by weight of a stabilizing oxide seléct_ed from the group consisting of
yttria, rare earth metal oxide, calcium oxide and magnesium oxide.
A process according to Claim 5 in which the stabilizing ‘oxide is yttria in an amount of from
110 25% by weight, |
A process according to Claim 5 in which the quenched stabilized zirconia is at least 98%
in the tetragonal phase.
A process according to Claim 5 in which particulate stabilized zirconia is plasma sprayed
to yield substantially spherical particles at least the majority of which are hollow with
particle sizes below 100 miorometers, ‘



