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Anexos:

®

Comprobante de pago de la tasa de presentacion de la solicitud por $ 443.000.00.
Comprobante de pago por reivindicacién de prioridad.

Documento que acredita la existencia y representacién legal cuando el solicitante sea persona
juridica. .
Poderes, si fuere el caso.

Documento de cesién del inventor al solicitante 0 a su causante.

Declaraciones.

Copia de la solicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos)
Traduccién de la solicitud internacional al castellano. (Resumen, descripcién, reivindicaciones,
dibujos)

Copia del examen preliminar efectuado por la IPEA.

Traduccién del examen preliminar efectuado por la IPEA.

De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacién de uso de conocimientos
tradicionales de las comunidades indigenas.

De ser el caso, certificado de depésito del material biolégico.

Arte final 12x12

De ser el caso, informacién sobre otras solicitudes de patente o titulos obtenidos en el extranjero
por el mismo titular o su causante, relacionadas parcial o totalmente con la invencién de esta
solicitud.

Otros: Sollcitud correccién de domiciilo del inventor.
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8. No.: 1028000
9. Seal/stamp:

10. Signature:

William Francis Galvin
Secretaty of the Commonwealth

7. by: the Secretary of the Commonwealth

3. acting in the capacity of: Notary Public

the State of Massachusetts, whose commission expires on Juns8a25

6. the: 1 Novem aeA04l

prepared by DGillons
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REPRESENTACION Y PODER REPRESENTAYION AND POWER-OF-ATTORNEY
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Yo (nosotros), abajo firmado (s)/I (we), the undersignad

e Ty, W e g ey e, —
LRSI TR B B - . .

p:. prezents nombramos & BEMILIO FERRERO, tpe 31929; in dus eamplisgoe with the terras of paragreph 1at. of mticlc 543 of the
GONZALO PHRDOMO, tpa. §31; LUZ CLEMENCIA DE PAEZ, tpa Cormmercisl Cods, do hertby sppoint EMILIO FERRERO, tpe. 31929,
23355 y GERMAN CAVELIER, 1pa. 832, domisilindoy on In Cezrera 42 CONZALO PERDOMO, pa. 831; LUZ CLEMENCIA DE PAEZ, tpa
N°® T72-35, Bogoti, Colomhis, en obedacimionto & Io dispucsio en el 43555 md GERMAN CAVELIER, tpa B33, doxmiciled it Camerm 4a N* /
pariigrafo 10 dol Articulo 543 dul Cédigo da Comerclo, ¢f primero como 72_35, Bogodl, Colombia, the fint ay principal end the othas as
priticipal ¥ los demés came suplentcs, en s anden, comn mig (ouostros) alternntes, in the order of their appointmant, g our reproscntatives for all
Toprescniantss en todos los asuntos de propicdad industrial con facuited indtustriu]l property mettors with fhcnlty fo racaive noufications and o
paa mewibir notifieacionas y nombrar spodamdes jodiclales o eppoint sitomeys in and out of Court. The firet aitenats shall replacs the
axtrjudiciales. El primer represantants snplenta reemplazacd al principal principal in ceso of his sheence or of texnporel or definitive impodiment
eu caso de ausencia o irmpedimento tamporal o definitivo do aquél. La The same rule will spply whan the second altematc ropremnistive ia to
misom regla se splicand cuando el scpundo ropressntunts mplents haya replaca the first one, or when the third {s to replace the At or scoond ,
de rearvplessr al primers, o al tarcaro ol segpundo. En tales casos, al sltcrnates in thelr tom, or both of thom, seomnd In snch coseg, the
representants principal, o el primem, o sagundo suplento, ci su caxo, o prineipal representative, or the firgt or scoond alismates in thelr mm, of
amboa, declarenin su intoncidn de no gjercer la roprosenmolém medinnte Mdmﬂﬂhﬂdrlmmbﬂum
declamclin smenticads por Notario Piblice en Colombia, o por Notario MIWWMIMPﬁmMUW
u oiro Fanclonario Piblico, o Cénsul de Cplombis, an o] extrengarg; y s = Notsry or snother Public Official or o Colosnbhisn Consul sbroad; snd
80 bratere de Empedimento, aon ¢l cortiffondo respectiva. 81 algune do loa case of impediment, the spprupriate cestificate shall suffice. If mty of
nambrados faltre definitivaments, ol siguiente torsnl su hugar. Cusndo lm-_mwhdﬁnﬂelyll-ﬂ.hfhllmmﬂ
casare |a mustnoia o impediments dal representente prinaipel, o ds m his placa When fthe sbacmoe or

o sogundo suplenies, cn s caso, podnin gawr kb repreganiative, ar of the first or seoond sitan

ém, en su anden, wno 1 otray segda el caso, smumiéndola por represeniation can be tken again in thalr SRS
el solo hecho ds ejorcexia, oommdo en exs momeato el gjaicio ds b firw or second ahemats deponding onfies 3 Geismrmmcetiohy ¢
reprasoniacion por el primers, segundo © torcer mplents an ¥ caso. exercige will mffice. The exercise of fhalNEIEREI SAAIET!
Ademés, confiero (confirimas) poder o los ahogadon arriba nombrados, mcond or thind altcmates i thair tura - T
para obtener 1a proteccidn da mi (nuesus) propicdsd indnwvial y contrs Ia we gant a Powa of Anomey iy
competencia deglenl, a cuyo sfects auporiao (omos) m loa dichos =f
apoderados pare que mo (nos) rerwasenten ants cualesquicra entidades o induxirial praperty and agafust the unfiir, ficio = F ALy
pamonss, gjerzan o oo jurisdiccién, especialments ente las dol arden wmmumwamﬂﬁm X
wdminisrativa, coutcncloso- adminisutive y judicisl, asf como. los muthorities or persons, with or withSUmgarislicUaTSIPaR W e skl
tribunales dc mrbitraments, en todo Io concarniente a los riguiantes sdministmtive, sdministmtive contantious s fudicial, ss wef
apmtor: 4) Obtencldn do patentes de invendldn, médolos do ulllidad y Arbitration Court, In afl wmttos conceming the fo
* disclios Indusiriales: ¢l Tegistra do wreas de  filbrica, eoleotives, Obtalwmant of patenty, ulility models and industrisl
defensivas, dc sarviclo, Jamas comerciales, nomibros comercisles, rogisration of tredemarks, colleotive, dafensivo and sof
ansefas, nombres de dominio, varicdades vegeraley y denomineciones da slogmns, muiﬂmmﬂuﬂm.dnmlnlf
origan; su removaciin, taspaso, cwobio da nombre ¢ domicllin varicties and denominations of origin; its rencwul, asalgnnt
wincelacién vohmtoris; y ¢l reglnre de Haenciss de nxo de esas darechor; name or domicile, voluntiry cancelletion; and (s regh
b) Las mociones de competencia deslenl, protoesidn del consumidor, of wee of the above rights; b) Astions of unflr competitic
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opasicionss U observagionas, cinceluolén admipistraciva ¥ judiclal,
.apasiclones cautslarcs, conoesie de Lowncla, I tamia, a
peoweeién do souretc industisles, y en gaersl los juisloa civiles,
peutles, adminisirativos o coemncioso_adninistrtivos o se :
exigd derechos; sccloncs y procesos que promovames
Prommeven. Y pars que ea todox los asmtos mxiba doterminados, pusdan
sustitir cste mandam, traosigtr, oonclliar, admitly lax hechos del froocso,
desistir, canocler, vecibir, raunelar, y ratificar log acios da ageates
aficioson.

Dadey o heyttven and signad ia__ OO0, 400 ¥
i Worastrr Figss. [, S-r2-

or cbecrvations, administrmive or -
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" CERTIFICADO NOTARIAL (INDIVIDUOQ)

A loa dias del moa do

de 200 sute mi, Notaxio Piblico o Funcionsrio Avtarizado
ds

Onthis _ ______ dayof !
200 __ befro ma, aNch:yPubhewmo

cornpareci§{eron) perscoabmeante

& quion(es) doy & de conocer y ms consta quoe os(sem) 1n{s)
parsanals) ficmante(s) del documento que preceds, y quien(es)
tiena(n) capacidad legal pam otorgmrlc

de 20044

L. Que k= visto los signiantes docmmantos:*

st tucion
i#‘vgl: uc? l%z[

Qus dichos documsntos prueban lo siguients:

2.1, WSMM&AM%%
_!u A

2,

Noterio Piiblico o Funcionario Autorizado —~Notery Publio or Attesting Oficial
CERTIFICADO NOTARIAL (SOCIEDAD)

04.) )
erom) gate R

capacity to execute it.

—l
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'
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4 bears the seal/stamp of ............. . teewemansrmsasraesennanrar
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TRADUCCION OFICIAL No. 11.22/04a realizada por Diego Vargas, Traductor
Oficial, Resolucién No. 0001 de 1999 del Ministerio de Justicia Y

registrado ante el Ministerio de Relaciones Exteriores de Colombia.

A continuacién se traducen los sellos y legalizaciones de un
documento mediante el cual SAINT-GOBAIN CERAMICS & PLASTICS, INC.,
domiciliada en 1 New Bond Street, Box No. 15138, Worcester,
Massachusetts 01615-0138, Estados Unidos de América, otorga
derechos de representacién y poder a los Doctores EMILIO FERRERO,
tpa. 31929; GONZALO PERDOMO, tpa. 831; LUZ CLEMENCIA DE PAEZ, tpa.
23555 y GERMAN CAVELIER, tpa. 832, domiciliados en la Carrera 4 No.
72-35, Bogotad 8, Colombia.

Dado y firmado hoy 8 de octubre de 2004 en Worcester, Massachusetts,

Estados Unidos de América, por Joseph P. Sulliva;:;ﬁ

Firma Firma Ilegible

Ei -.','l"{ » IO el “nl
*JUAN nnu'té Fﬁr.l:‘r"t‘no MEDINA i-
§ N
WRDREEN ) S ™

CERTIFICADO NOTARIAL (SOCIEDAD) por meéio de la cual se certifica la
firma anterior del Sefior Joseph P. Sullivan en representacién de
Saint-Gobain Ceramics & Plastics, Inc. Y asi mismo se certifica que
la anterior es una sociedad legalmente existente Y constituida de
acuerdo a las leyes del Estado de Delaware, domiciliada en 1 New
Bond Street, Box No. 15138, Worcester, Massachusetts 01615-0138,
Estados Unidos de América. Adicionalmente se certifica que el Sefior
Joseph P. Sullivan estd autorizado para otorgar el presente poder.
Dado y firmado en la ciudad de Worcester, Estado de Massachusetts,
el 8 de octubre de 2004.

Notario Plblico o Funcionario Autorizado Firma Ilegible
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JOAN E. FRANK, NOTARIO PUBLICO

Comipién Vence Junio 18 de 2005

El Estado de Massachusetts
William Francis Galvin
Secretario del Estado

APOSTILLA

(Convention de La Haye du 5 octubre 1961)

Pafg: Estados Unidos de América

Este documento piblico

ha gido firmado por: Joan E. Frank

actuando en capacidad de: Notario Pfiblico

lleva el sello/estampilla de:

el Estado de Massachusetts, cuya comisién vence el 18 Jun. 2005
CERTIFICADO

en: Boston, Massachusetts 6. el:

por: el Secretario del Estado

No.: 1028000 e

Sello/estampilla: GRAN SELLO DEL, ﬂb‘fﬁﬂd‘}f&&%}%“":""'"“
Firma: . -

Firma ilegible

William Francis Galvin

Secretario del Estado

preparado por DGittens

Es traduccién fiel y completa de la cual se deja copia en esta

oficina para su confrontacién.

DVZ/ID-6216 /WPCLO02G/COLO 14496-841-002-3

-@é’ﬁ EAR/T?.-?:.

TRADUCTOR E INTERPRETE OFICIAL
ESPANOL - INGLES — INGLES - ESPAROL
RES. 0001 DE ENERO 4 DE 1999

MINISTERIO DE JUSTICIA 2
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(19) World InteBectual Property DAVIS AND BUJOLD |
el Duecen U LT
(43) International Publication Date {10) Inlernatlnlll I'llmelllon Number
19 February 2004 (19.02.2004) PCT WO 2004/015158 A1
(51) International Patent Ciassification™ CC 410 1) Designated States (national): AB, AG, AL, . AU,

(21) International Application Number:
PCT/US2003/024541

(22) International Flling Date: 4 August 2003 (04.08.2003)

(25) Flling Langusge: English

(26) Publicution Language: English
(30) Priority Data:

107217,523 13 August 2002 (13.08.2002) US

(71) Applicant (for all designated Siares except US): SAINT-
GOBAIN CERAMICS & PLASTICS, INC. [USUS];
1 New Bond Street, Box Number 15138, Worcester, MA
01615-0138 (US).

(72) Inventor; and
(75) Inventor/Applicant {for US only): WALLAR, Howard
[US/US]; 12 Tocker Strest, Worcester, MA 01606 (US).

(74) Agents: BUJOLD, Michael, J. et al.; Davis & Buyjold,
PL.L.C., Fourth Floor, 500 North Commercial Sireet, Man-
chester, NH 03101 (US).
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—  with international search raport
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amendmenis

For two-lstier codes and other abbreviations, refer to the *Guid-
ance Notes on Codes and Abbreviaiions™ appearing ai the begin-
ning of each regular issue of the PCT Gazelte.

%
|
|
:
s

Counie/ 10 sec.
‘EERRR
o 8 8 8 & :

20047015158 A1 08 N0 A 0 6 6 G

ELEMENTAL LINE SCAN

- Y
-i= 5
-~ Fa




10

15°

30

" mtblger, ax "

W 2004015158 | C . rcmmmusu//

PLASMA SPHEROID|ZED CERAMIC POWDER

FIELD OF.THE INVENTION
The present invention relates to ceramic powders, particularly zirconla powders, and a
process for the production of ceramic powders In which the powdars have a highly uniform
compaosition.

BACKGROUND OF THE INVENTION -

Stabllized zirconla powders are widely used to provide thermally stable and abrasion
reslstant coatings to parts that are exposed to very high temperatures during vse but which are
also exposed to amblant tamperatures.. It does, however, have a wellknown drawback In that, as
it cycles betwasn high and low temperatures, it undergoes a crystal phase change from the
fetragonal crysta phase structure, which Is stable at elevaled temperatures, to the monoclinic
crystal phase structure, which is sfablg at room temperature. Volume changes occur as this
crystal phase change takes place compromising the physical Intagrity of the zirconla coating.
There Is another phase of zirconla which Is-also stable at tsmperatures above the
menoclinicietragonal fransiion temperature, (the "cuble® phase), buf since litfle or no volume
change occurs on the fransifion from cublc o tetragonal, this Is fredited for the purposes of this
Dascription es a form of the tsiragonal phase and I not disinguished therelrom.

In order to regolve the intagrity problems with zirconja coatings resutiing from the crystal
phasa changas, it ks common to use stablized zirconia In powrler coatings. StabBzaflon can be
achlaved by the addifion of a number of addifives that have the affect of Inhibiting the conversion
from the tatragonel cryetal phase to the monoolinic crystal phase upon gooling. Such eddiiyes
include stabifizing oxides such as calcle, magnesla, yitrla, cerle, hafnia, and rare earth metal
oxides.

Mmdﬂwdawaﬂngamwldulyundbmndmmabmdﬁommno
on surfacas or thermal bander coefings. Thwmwhlv!nphdaawbnmwm
plasma spray approach.

In the production of stabflized zircopia powders, the most common technique Iy described
In U.S. Patant No. 4,450,184 to Longo et a]., In which an aqueous alurry-comprising a blend of
Zrconla and stablizer materials is fed Info a spray dryer to form drled pordus pariicles. The
porous parficies are fused inio homogenous hollow structures with a plasma or flame epray gun

¢ m e ady .—_'-'!m. -y "
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Which melts and fuses the componanis such that the particles ejected thersfrom are stabilzed
tirconia, Tharmal spraying of the-hollow spheres creates a porous and.abradable coafing,
Howaever ths Longo process does not achleve a high degree of untformity of composifion,

U.5. Patent No. 5,418,016 to Jackson et &, dscloses & feed comgosition for thermal
spray applostions composed of stablzed zirooni mixed with 2ircon and a selectad axide o form
an amorphous refractory oxide coating. Such products do not however have the required level of
size and composltional uniformity that would be deslrable to secure good thermal barrier coating
campositions for high temperature applicaions. This Is ateast In part because there are many
opportunities for variability in the resultant coating as a resutt of differing particle sizes In the feed,
the flame or plasma gun design/shape, feed rate prassures, and the like. -

Another method of forming stabllized zirconia Involves sintaring whereln the components
are blended together as powders, sintered, and upon cqollng, the eintared mass is broken upInto
particles, These parfiles may then serve as feed for aflame spray devioe. Unfortupatsly, this .
procass does not provida for  high levelof chemical homogenelty I the stabization and results
In widely varying shapes ang particle slzes In the foed. .

Ceramic mixturas such as stabilized zirconia may also be madé by eieclmfuslon. The
fused mixtures are much more uniform than those made by the processes discussed above
becayse they are the result of complete melting of the components. However, the components
aro difiouit o melt and have poor flow characteristics as a resutt of thelr high densly and kregular
shape ganerated when the fused masses are crushiad to provide particles. Thus, the cumenty
Avallable statlizad Zroania powders made by elecirofusion haye a high dagree of un-risitad
madeciel In the spray procass resulting in poor efficlencles and coalings with a high cantnt of such
ur-melted maerial particigs. The un-metted particies infroduce siresses Info the.coafing due to
the varying density of fhe coating in and around the.un-melted particlas. As a result, the
longevity of the resutiant coafing is diminished, particularly under sireasful condifions.

mem¢hMmIm.nMdhmqmam
Pawder having @ high level of chamical and morphological untformity, which In tum, provides a
durable thermal spray coafing.
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. SUMMARY OF THE INVENTION

In a first aspect, the present avention Is direciad o  zirconia powder particularly adaptad
for use as a thermal barer, coafing which comprises morphologically and chemically uniform
stabliized Zrconta in the form of substantally spheroldal hollow spheres.

The Zirconia Is chemically uniform and by this meant that the zirconia Is at laast 80% pure
and Is at least about 96% by welght stabllized In a tetragonal crystal phase. The zirconla Is also
morphologically uniform and by this Is mean that at least 95 volume % of the zirconlais in the
form of spheres with a particle size of less than about 200 micrometers. The spheres may be
somewhat deformed but are Identifiably based on spheres rather than having random shapas.
The spheres are preferably at least 75% hollow spheres. |n a prefemed embodimant a chemically
uniform stabllized zirconla Is heat freated by plasma fuslon io obtain the subsﬁntlally spheroidal
ehape. Preferably, the stabllized zirconia contains ess thein 1.0% by welght monocilnic zirconla.

In a prefetred aspect, the présent Invention Is directed to a thermally sprayable
ooniposition comprising holiow spheres of yiirla stabilized zirconla, the hollow spheres having a
pariicle size of less than about 200 micrometers, whereln the ytiria is uniformily Incorporated into
the zirconla by elecirofusion prior to formation of the hollow spheres. Preferably, the zirconla
contalns less than 2.0% by welght monoclinlc zirconla. The hollow spheras are preferably formed
by plasma fusion.

In yet another aspect, the present invention Is directad o a procass for producing
spheroidized oeramic powder comprising the tape of; providing a chemioally uniform, stabifzed
Zrcanla; and heat treating the Zirconla'to form substantally hollow spheres thereofof -
moiphologioal unifoniy. Preferaby, tha stabilzed oerario maisral comprises zicorla
stabliizad in a tetragonal crysipl phase and contains lass then ahout 2.0% by weight monociinic
Zrcopla. The stabiiized zirconiais preferably formed by electrofusion of zirconia and a stabiiizing
axdde. Prefgrably, heat treefing qocurs In a.plasma spray qun or a flame spray gun. The process
may further Inojude the ejep of comminyling the stablfized ceramic materials prior to heet treafing.

In still yst another aspagt, the present Invenfion s direcled to & process of forming a
thermal sprayable powder goaling comprising fhe steps of: providing a zirconla feedstock wheteln
the zivonla Is at loast 86% by weight stabilizad In @ tetragonal crystal phase; and plasina fusing
mmmmhm:mﬁﬂvhowiphemﬂm Profmbly the stabllized
drconia Is formed by electrofusion.

" .
v sEg - e Ty s
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The lnvention also comprises a process for the appilcalion of a thermal barrier coating to
asubﬁlhwliehmnpmummndmymﬂmubsmwnuspmuewnpﬂdnon
comprising zirconla, of which at least 96% Is stabifized In the tetragonal form, having a
substantially uniform spherical morphology with particle sizes smaller than 200, and more
praferably smadler than 100, micrometers. In refenrng o particle sizes itls understood that the
reference is to volume average particle sizes unless otherwise apparent from the context.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1 through 4 are elemental Ilna'scans of well sintered particles from commercially
available stabilizeq zirconia powders. -
Figure 5 Is an elemental line scan of a hollow spheroldized zirconla particle made In
accordance with the present invention,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
. The present invention Is directsd to a thermal sprayable Zirconla powder having a
very uniform chamical composition and morphology. The thermal eprayable ceramic
powder preferably has a spheroldized shape, and even mora preferably, IhL spheroldized
particles are substantally hollow so that the particiel melt more repldly forming elther

_ dansg coatings or coatings with unlfonnpomllydapendhg on the apray condltions. Ina

nbstpmmdenﬁodlmntmoﬂlemdapmynhlulmnﬂa powder of the present
Invenon oomprises atisast 90 vokume % ziconia, and the zirconia s atleast about 90%
hvmmmmunmmmmmmm More preferably, the
ﬂmﬂlhnthBB%bywdngw;edlnﬂmhmonalfommdmﬂpmbly.lt
least ahout 98% bywalnhtﬂnblllndlnﬁlebhmnalform,

The zirconta feedgtock used In the presant Invention s stabiizad with a etgbllizing
oxida quch as, hut not fmited to, ytirla, calcia, cerla, hania, magnesla, a rare sarth metal
axide, and cpmbinalions thereof. To achieve a high chemical unformity In the stablized
ﬂwmahedsbc&hambldngoﬂgthmfamwmmmaMa The
amoynt of stabllizing nﬂdeuqndmymdependngonﬂnmutdpsm. A sufficlent
amount of the staflizing oxide I an amount which substanfally stabillzes the zirconia in
the fatragonal crystal phase. The stablizing oxide Is desiribly fully reaciad with and
Incorporated nto the 2irconia crysial structure such that X-ray anelysis cannot detsct a
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significant amount, {no more than 4%), of the monoclinic zirconla. The amount of the
stablizing oxide presant can be up o about 10% by weight but some stabilizers are'
effeciive at fower levels. For exampls, In the case of ziconia stabifized using ythia, an
effective amount may be about 1% but can be as high as 20% by welght; for magnesia,

. about 2% to about 20% by weight Is effective; for calcla, about 3% to about 5% by welght

may be usad; and for a rare earth matal oxide, about 1% to about 60% by weight A
mixiure of stabfiizing oxides may be used.

The stabllizing oxide, preferably ytiria, Is arc fused with the zirconla at a

temperature range of about 2760°C to about 2060°C such that components are

completaly molten and, since this is above the transition temperature, the 2irconla is
substantially complately In the tstragonal crystal phase. Upon cooling o room
tamperatire, the stabilizing oxide maintains this tetragonal state even below the nomal
transition temperature. To enhance this effect, the moltsn materlal is preferably rapidly

-cooled with water or alr such that the melt flow Is broken up Into a flow of droplets and

cooled to provide fine particles of stabllized.zirconla with a very homogendus chemical
composition. A method of quenching the molten zirconla and stablizing oxide, where the
rapld solldification tends to stabillze the tatragonal form of zirconla, Is disclosed In LS.
Patent No. 5,851,825, the entirety which is hereln incorporated by reference. Preforably,
the resulling fine particles of stablifzed zirconla are further comminuted. Typically, the finé’
parficles are millled o & siza of ess than about 6 miorons, preforably less fhan about 2
microns, mare praforably about 0,5 microns.  The fine perficies of stabllzed zirconla are
then preferably spray dried and coliected as agglomerated parficles. Afthough the
agglomeration slep is not essenflal to the practice of the Invention, it doas provide a more
useable siza for further heat treaiment of the stabllized zirconia as discussad below.

The agglomerated particles are further heat treatad to form substanfally hollow

- spheres thereof having uniform marphology. Apaxﬂctlarlypmfarredformam

treatment ls & plasma fuslon prooess where the pertioles are melted together In & plasma
flame and collected as a fine powder having a high level of chemical and morphological
uniformiy. Substantially hollow sphares of the stabllzed zirconia are formed which
preferably contain less than about 4% by weight, more preferably issa than about 2% by
weight, and more prefarably lesa then about 1% by weight, monoolinic ziroonia.
Prpferably, the substantafly hollow spheres have a pariicla size of less than about 200
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microns, more prefarabiy lass than about 100 microns, and most prefarably, less than
about 75 microns. - : : g . :

Enexpactediy, the substantially hoflow splieres of the stabiized zirconia
feedshdthaveamahlawlofelmlcalandmrpholqglcd uniformity whereln the zirconla
Is at least aboyt 96% bywelghtatab!lgodlnﬂmhlragondcryshlphasa.pmferablyat
least about 98% by weightsablfzed I the ltragonal crystalphase, and mbye prefecably
at laast aboyt 99% by welght in the tetragonal crystal phase. Thus, tha[mal sprayable
spheroidized powders of the present Invention form more stable and durable coatings due
o the high level of chemical Untformity due fo the alectrofusion of the zirconia and )
stabillzing oxide which substantially stabilizes the zirconia. The spheroldized pariicles of
the stabilized zirconia melt more readily because of the holiow sphere morphology and
completa reaction of the stabillzer with the zirconla, The coalings sprayad have very
predictable denstty from high denslty to controlied porosity depending on the spray
condltons.

To obtaln durabie zirconia thermal sprayable coatings, a uniform stabllization of
the tetragonal crystal phasa of the zirconla Is crucial. It has now been shown that In
comparison to commercially avalable zirconia powders stabilized with yiiria, the
spheroldized zirconla powder of the present Invention shows substantial Incorporation of
the yttria Into the zirconie. Table ! Bustrates an exampls of a Zrconla powder of the
present invention In comperison with commercially avalable stablized zirconia powders
mmaﬂbmlumpummmhaysﬂphmﬂmughx-mbﬂmmummm.

JABLE|
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* Includes cubic zirconda ea wel as iekragonel

PF = zrconis powder of the present knvenfion.

PX = PRAXAIR ZRO™ avalisble from Pryak, inc., Danbyry, Connéciicul.

8T = STARK YZ svalibis fom H.O.Slerk GmbH .

M1 = METCO 204NS-G avalisble (ram Sulzer Melco, The Coafings Co., Weshury, NY.
M2 = METCO 204 avallable from Gulzer Matco,

Although the concentration of ytiria was not detected by X-ray diffraction (XRD) in
all samples, it Is the concentrafion of the monoclinip zirconla which determines whether
the zirconia has been substanfially stabllized In the tetragonal crystal phase. Elamental
line scans of particles of Examples PX, ST, M1, and M2 are lllystrated in Figures 1
through 4 to determine the composition of the particles. In Figure 1, the elemental line
scan, edge to edge, of a well-sintered particle of Example PX shows that the particle
analyzed did not have a uniform composition given the nondinear ine }upmenﬂng
ytidum. Themforg. athough XRD did not detect yttrium, the elemental ine scan shows
that the ytirla did not completely co-fuse with the zirconla, and as such, the composlfion Is
not sufficlently chemically yniform. The spka In the sllicon line further atiasts thet the
particle |s also not chemically or morphologicaly unll'orm. In Figure 2, the elementsl fine
scan of p well-sintared particle of Example ST, edge to edge, also shows variations In the
ytirfum concentration, and thus, the particle is not chemically uniform. In Figure 3, the
elemental line scan of a wel-giniered particle of Example M1, again shows variation In the
ytirlum concentration, and thus, the particle Is not chemioally uniform. In Figure 4, the
elemental W\deaweﬂ-ﬂnmuqﬂdeofmmmdnshowvmmmh_m
ytirium concentration, and thys, the parilcls Is not chemically uniform.,

By elactrofusing the stabiizing oxide, yitria, with the zirconla, the stablized ™ .
zirconia s relafively uniform In composfian. Fusfher heat treatment such as plasma
fusion provides the morphologlcal unifonmilty of the substantially hollow spheres. The
unexpegtad chemioal and morphological unifomiy Is cloerly Busiraiad In the elementa
line scan shown In Figure 5 of a hollow sphere of Example PF. .The substanﬁallv finear
vﬂliumllnollluslmasmataeompletemltandm-solldlﬂcaﬂon hadoncurradtopm\ddea
chemionlly unlform sphere. Also, the substanfally fiat ellcon and ron elemantlneu
Eustrate the morphological unifonmity of the Iphen-

R e R SPRSTAS T CI T LA
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Other variations and modifications of the basic Invention can be conceived
without departing from the concepts described above. Itis Intended that ajl such
variations and modifications be Included within the broad understanding of this Invention,
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CLAIMS ' ' -

1.

Zyconia thermal spray powder comprising a chemically uniform stabilized zkvonia

Whareln the zirconia is-at lgast about 96% by welght stabliized In the tetraganal crystal

phase, said powdar being In the form of substantially spherical particles having g parficle

size of less than 200 micrometers, at least the majqrity of said parficles belng hotiow.

The zirconia powder of clalm 1 wherein sald hollow particles have a particla size of less

than about 100 microns.

The zirconla powder of claim 1 whereln the zirconla Is stablized with an oxide selectad

from the group consisting of ytirla, magnesla, calcla, ceria, hafnla, a fare earth oxide, and

combinafions theraof. "

Tha zirconla powder of clalm 1 which contains less than 1.0% by welght monocilnic

zZirconla.

A process for the production of a chemicafly uniform thermal spray powder which _

comprises the steps of ;

a) electrofusing zirconla with up to 60% by weight of an axide effective to stabilize tha
zrconia In the tetragona| phase;

b) quenching the electrofused stablized zirconia fo obtaln particujate stablized zirconla
with at least 86% of the rconia In the tetragonal phase;

c) hest treating the stabllized zirconia in form substantlally spherical hollow parficies of -
stablfized zirconla with particle sizes of 200 micrametars or less.

A procasg according to Claim 6 In which the zirconia |s stabilized In the tetragonal form

using up to 80% by weight of a stablizing axide selected from the group conslsting of

yiiria, rare earth metal oxide, calcium oxide and magnesium oxide.

A process acaording to Cialm 5 in which the stabllzing axjde Is yttria In an smount of from

110 26% by welght, |

A process according fo Ciaim & in which the quenched steblized ziroonla s at jeast 8%

in the tetragonal phase,

A process aocqrding to Claim 5 In which particulats giabllized zirconla ls piesma spreyed

to yleld substantiedly spherical parficles at least the majority of which are hollow with

partiole gizes below 100 migrometprs, '
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REQUEST

The undersigned requests that the present international application
be processed according to the Pateat Cooperation Treaty.

Box No. [ TITLE OF INVENTION
PLASMA SPHEROIDIZED CERAMIC POWDER

Applicant's o agent’s file reference
(if desired)(12 characiers maximum) NOR A-3363PC

Box No. I APPLICANT

Name and address:  (Fomily nons foliowed by given nome; for ¢ legal exily, fil oficial des/gnation. The address musy incinde
posial code and nome of comntry.)

SAINT-GOBAIN CERAMICS & PLASTICS, INC.

O This person is also inventor.

Tel No. 508-795-5712

1 New Bond Street
Box Number 15138 Facsimile No. 508-795-2653
Worcester, MA 01615-0138 _—
us Telepsiter No.
l Stata E.c.Mof nationality: US State {i.c. country) of reaidence: US
This person is applicant D all designated M all designated Staces {1 the Unlied States [ the States indicated in |
for the purposes of: Sties except the U.S.A. of America only the Supplamental Box i
Box No. III FURTHER APPII AND/OR INVENTO,
Name and address:  (Foxdly aame foliowed by given aane; for a legal enrity, fuli official designasion. The eddrexs wor include This person :
paxal code and noms of conntry.)
a lcant
WALLAR, Howard pplicant caly
12 Iaimis Ann Drive .
Rutiand, MA 01543 W applicant and tmvenior
us 3 inventor anly (f chis check-bax
Is marked, do not fli in below.
mg.-.u:mofnmy:us State (i.e. of residence: US
This person Is applicant Olall desigmared 0 all designated Stxtes M the United States [ the States tdicated in
hhmd‘: States Euua..\. of America only umu

. [m] mwmmm-umnuu-mu
OR ADDRESS FOR CORRESPONDENCE

Box. No. IV AGENT OR COMMON REFRESENTATIVE;

0 common representative

The persoa identified below is hercby/has been appoinsed to act an bebalf N agent

duﬂﬂ)mu%WMM:

Name and address:  (Family nows faliowad by given nawee; for « legal cutity, Sl afficial designasion. The addvex: vucyt inclodse
potal cods and naww of cientry.) O spplicane only

BUIOLD, Michasl I: DAVIS, Anthony G.M.; DANTELS, Scott A., and CLAPP, Gary D.
Castamer No. 020210

Davis & Byjold, P.L.L.C.

Fourth Floor

500 Narth Commerrial Street

Manchester NH 03101

Us

B-mall: patcpeiidavisuxituiold.com

Telephone No. 603 §24-9220

Facslmile No. 603 &4-9229

Teleprinter No.

srddress o which correspondence should be sent.

a MﬁMMDMUWMWHWNMthﬂWhmlM

Form FCT/RO/I0] (Tirm shast)(3 July 1096)
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in the some manner oy 1o the
cupiiont of the Bax in wiich the spece was in
particar:

) ¥, in Bax No. Il or in any of the sub-bazes of Bax Na. Ill. the
Indication “the States indicated ine the 5. Box" is

may
oan(s) bvobved an, i (aach)mach e the Siate(s)
E’#:ugu ﬁm";’ﬁ‘m the nmﬁ

(i) § In Bax No. Il ar in any of the nib-boxes of Bax No. ifll. the .
et of o dengat R or Jo the parpoec f he
mbud
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™ pro ".'"'4“'9’3’“("?!.“:‘3 !mh:_
addifion, " arif. in Box Na. V., the name of the St of
America an indication dresmtion ”

Continuation of Box IV

CROSBY, Mke W.; PORTER, Mary E.; SULLIVAN,
Joseph P. and FIELD, Thomas G. Ill

Saint-Gobaln Comporation

1 New Bond Street

Box Number 16138

Worcester, Massachusetts 01616-0138

United States of America

Form PCT/ROVION (supplemontal shoet) (March 2001; reprint Jsnuary 2003) See Notes 1o the request form




BexNo. ¥ DESIGNATION OF 81 "g "\ﬁ
Thw foliowing desipasrions are hcrebry made mader Rule 4.5(s) fmark s apalicabl chack-bues; of least ons s b suarbed: ?J’——
Raglonsl Patent

L | AP. A.lurornn:hﬂumnmummmnmnu—.mnnm.zmnuumu
'l'-nnh.tr.uﬂh.mmzhuu.mqmn-nunmhdunmmudum.

M EA  Eswrasian Paiest: mm:uumwmmmmnmmmdm.m_mnmm
Turkmenigan, and any other State which Is s Contractig State of the Eurasim Pasees Convention and of the PCT °

B EP Eorepes Paimi: AT Austria, BE Belgham, CH and LI Switeriand and Licchasnmiein, CY Cyprus, DE Germany, DK Degmark, ES Spain, FI Flalnd, FR France,
GB Unltod Kingdom. GR Greeee, IE Lreland, IT ltaly, LU Luxembourg, MC Menace, NL Netheriands, PT Portugal, SE Sweden, and any ather State which b a
Contracting Suse of the Enropean Patent Coavention and of the PCT

BN OA OAPIPatent: BF Burkim Fase, BJ Bealn, CF Cemral Africn Republie, CG Congo, C1 Cite d'Ivolre, CM Cameroon, GA Gabon, GN Guinea, GQ Equatorial
Gu'ln.GWOulnl—lil-l.Ml-Hlll.IIIM-MNINIF.MML'I'DM.TGMm-vduh:ﬁhlurhdmrl-ﬂl
Contracting Stase of the PCT (i ather kind of pratection or irecmment desired, speclly on doRed Bng) . - .. ocnnorrrnamremanrrmanrnecnncnorernee.

Nailonal Patent (if atker kind of protection or treatment desired, speclly en doed Hne):

B AE Unked Arab EMITHES - ... vurraracsnssrinstnsansnsnnnnas B LR LIDEAR . oneoaiermernausnrnrssennesanssnnsnasarnsnnss
B OAG Amigma and BarBudi . - .. ovieiranem i T 7 T
[ T B LT LIS . . - eovenianrnnnrcmcresmranan o araaraanas
BAM AmEnla. . ...cocoivarnmnrnntsnronansoncnsansrmntsens B LU LumemobOWE - - == - c--ennunrmonrnnsntnsmmssssaasnsansunnas
L T B LY LAVIE . .uvonencecraranarancssncssnnnsnssnassnsnsans
BOAU Amstralll. . ... cvvcie i cni e innamn s a s B MA MOTOEED & s - s o v nvensrsnnnmssonarssssnnnrnnasrennness
B AZ ABEBAlME . .o .veeeeneeinn it rreonaarrnenas eeerenes B MD Republic af MOMOVE . & ..« «ceoernreartnnerennannanasassas
W BA BomlaandHerzegovima .. ... ......i.ccemimieencnnanaaernnres B MO MMagRICET ...00eciniancinmaararansnesatantiriasasenan
T A W MK The formor Yugosiv Republle of Macedondt . . ... ...cofeermcnnans
B BO BUIBMIR . oo e neernnnenrnnernnnnarsennannaaarsarnairnn B MN MOGONR - .o o eeevosnensencme i banmneraanmeaaraeranas
.llllrnll ................................................ B MW MBEWE .o oovennenenneenssnansnnssoassenssrisnsnnnnns
M BY BelRruS . .. -ciciiniiierisitoteannnsasnerananaasannnane BOMX MeEO .......ccveuv-ncasnnrnttormaarnsannassnvsannnns
B BZ BEE .. ..o iennvrenereneaneecaaeonennssrensnnannsrnn B MZ MORMIDMEE . . .. ooovonnesnnnnasnnnnennmnnnasensness
[ T N . B NO NEWEY ...ocvccecresrasnsmrmmnensstosrraananarannnass
M CHandL] Switerhand and Liechaengtedn ... .........¢cc 00000 mennnns BONZ NewZealand ... ...c-cvntrmrnancncnmsssnrnmnonnmntnnnnas
BON OB ......con0rncmrcnncnnenconnnansmntarnarsnssnnnns B OMOMEL ....coocccuessnmtonnmannnnpsnsssesansnntosnnsns
B OO CORMIBEE ... .vvcvevecranrcraranrarsnronsncaannrasasars B OPH PHIPPEES . ..o .coonennnncnnnsssosnnrassasnsssnnansnnss
B CR ComBREE.......crcracatnuncrmncnnnansnnrrrenasanannns B PL Poled ....cuccuicemcucnannmmnsnmmmmatosnansnnonnnnr-u=
B CU CBBE o cvvnceneiarracmiccanassassasannsasosnnsnsarnnns B PT Portugl . ..ocuvunrnenernnnnraonsnrassnansssssanansas :
B CZ Creh REpUBEE ... .oonvvvnevnnrnrnssssnnsansssnnnnannnns B RO ROMERS oo overmmmcratierarananansnarasananraransasas '
B DE Qemmamy . . -« voruuvmeumenucenosseaasantontsnnnannsessss B RU Russben Federmtian .. ....cccncereerrmntassnnannsnnsnnnnsns .
B DK DO .....ovnvnnrnnnansoreannnenssonssrncsnsarnns B SD SO . .o et are e caeeaitaananaeaera et ]
B DMDOMIIE .....vccvcuccrncaancrarancrssrsnnsnnsunannans B SE SWOMENL . ..o voevevnsr ittt atn et anaae e
[ 71T T B SO SIOEAPOME .....-cncruiecrririraaaaanaaraas e
M BC BemMOr ......icvnnvmonemnacrnanssomtastasnasnransenns Sl SoveDlE .. ooomccmcccsaarmrnanansnmtassanmassnnnnssssns
HMEE Esonl .........ic0istanernanatoncnmnantasasrnnasnnsan BSK Slovaklh ....-concecctarsmnanccnnnssarrannnsennopssses
B ES Spai0 ....cocuvnvmcccnconnnencacsssaannunncascastonnas S Serralodn .....ccsacccsurmstrarrracassasnrransnnronss
P POl ....covenercanasasnassansansnsarsanasannsaaans- L v B T T E P E R PP LR
OB UnhedKingdom .............oievnvvvevasanasanmsasosnanns BT Tolomenlstan ....-cccocccsssnsomsnnssammmasrssansrnsens
MODGremada ........00cccvaucacinessnnntnsaransnasennsnras BTN Tomll . .- .-ccrenmasampancnsannstasssoanossannansnansns
B OE QEOMEI «-e.oinnnrrcnnrannoaremcnsrssasannasinarenns B TR THREY - oieveremnnnereanssnsnsnserianerarsnansnnssnns
B OH GERIE ...oonnetnessorennnnneanaranasnssssnarnnsssnns B TT Triokiad s TOBOO < ..o ocoevnvrmrenerreorsennnarnnsnsnans
B OM GRMBIR . .oevsvennnennnnsannnenrcassonssersnnasnstos B TZ Uniaed Repoblle of TUGRGE . - . ..o connunrenenannnraarnansnns
B OHR Cromie . .....ccooccccccnstnsnsmmsnnansansnnnnsanarssns B UA Urm® ....ovvvrcncncrsnnansarsaannsrnantonnanontnsnes
M HU HOOBRIY . ... 0vicamncccsertonmansansnasnnneansnnnnns B UO URBML ..ccvcvieiannriocannannratnosnssansaransasunss
M IDIndomesls .....-...ocvemummucnnnvstarancassasannnnsennn B US Unled Stetesof Amerles ... ....cc-cinrormnceacnansnmarancnns
B IL Imrmel .. .. ccciiiieicccnccnsnansontnmnsasannnnasansnas B UZ Utholgtln .....vcvccctancantsoasannsosannnannasnnnnrns
B IN Il ........c.iioituvmuvrnncanaansanenasssaaravananans M VN VIENER ...occoccnemcasannmrnsensntaansrnnnnsosonssns
BN IS BORIOA . e e uereneencmnsen v annrrnnran s sarnres B YU YREOREVIR .. ooucccmranrcrsionannnanneraaaaonnassionuns
[ T R L L T B ZA SouthARME ....covcicnnassaranaroanatasrsnnesssasmnnes
B KE Kenyh .....civcavvmramnnnnenoataannnsasssnmnnnonnnnns B ZM Zambllh ...cc:cocecmrtsnnasananannatoas s nan o
B KG KyTgyzmmn . ....c.cvunennunsrranansnnssnnannasnsstnnrns HZW Zmhalywr .....--.-cccoesesranvmmsntscanannas FEFTEEITEE
N XP Democretic Peopls's Republic of Kofea .. ......c0cnccvrcrcnranans
M OKR Ropublic O KOMER . . .- .o cvninnasonssnnarssenasssannnnns (Cheek-baxes reserved for desigmting States (for the parposss of 2 setienal patent) which
B RZ KAERKIE <. cneonenninninneennsaennenneananeessasnenes avs become party 10 the PCT afer lammnon of this sheet:
BLC SabLotlR ...cvovaccccrmnarscnaroncsastarrnnnsennannas
LK Sk o B I
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Bax No. VI FRIORITY CLAIM Further priority clatms are indlcstad ia the Supplemental Bax O
The of the carller is clalmed:
Flilag Datz Application No. Office of filing

(tn which, or for which, the (Day/month/year) fonly for reglonal or
| appiicant was fiisd) Internaiional application)
lem (1) US 13 August 2002 10/217,513
bem @)
ltem (5)

application is the receiving Office (a fee may be requlred):
| mmdﬁuomuummuwmum»mmm

Mﬂtmﬂbﬂudud-ht#tluarwidwpyd'wwﬂaqpﬂmﬂmhmhhﬂbyﬁc@huﬁlﬁﬁlﬂhmdwmlm

mnmlﬂdadhuﬂhaﬁﬂﬂﬂd“um‘ : ‘llm - -
Box No. VII INTERNATIONAL SEARCHING AUTHORITY

Couniry {or regioml Office): Date (day/month/year):

Clholce of International Searching Authority (ISA) {If two or more International Searching Asthorities
are competent 10 carry out the Insernational search, indicate the Authorlty chasen, the two-letter code may be used): ISA/ P

Earller search FUUi in where a search W.Mwmummmqumummw”w
Mﬂmmumwummmmm to the extént porsibls, on the resllis of that earlier search.
or reguest elther by reference 1o the relevamt gpplication (or the transiation therecf) or by reference to the search request:

Number:

EP

Identfy such search

o

CHECK LIST

‘This international spplication contains the mwmnwuumwm:

following number of sheets: 1. O signed power of attorney S. M feo calculation sheet

1. request 4 sheets | 2. O copy of genenl 6. O scparate indications concerning

2. descripedon 8 sheets power of attormey deposited microorganisms

3. chims 1 sheets | 3 [ wuremen explaining 7. O mcleotide and/or amino scid

;'m" . sheets ek of signature sequence listing (diakette) .

- drawing sheed {4 O priarity document(s) 8. B other specify): 1) Return Poszcard, 2) Trammiml

Total . sheets Letter - 1 page; 3) a further signed power of attorney. '
) 19 idemsified In Bax No. VI '
ar ltem(s):
No. 3 of the dra! should the abucract when it s
Bax No. IX FGNATURE OF APPLICANT OR AGENT

e e ———————————

L Date of actmal recaipt of the purparted

u--i_u.ﬂuu—qn-“n-“n-{uup- 7 mch coparity Is mot obvicar from remiiag the rapees).

2. Dmawinge:

3. Corrected date of actual recelipt due to later but
timely received papers or drawings compicting
the porported interoationsl spplication:

O recelved:

4. Data of timaly receipt of the required
) corrections under PCT Article 11(2):

5. [nermational Searching Antharity
specificd by the applicars: ~ ISA/

Datn of receipt of the record copy

the International Burean:

Trammittal of starch copy delayed
until search fee is pild

Form PCT/RO/NO! (last sheot)Clammury 1994; reprint § Tuly 1954)



- PCT/AUS2003/024541

SAINT-GOBAIN CERAMICS & PLASTICS, INC. et ai

RECEIVED PATENT COOPERATION TREATY 73—
AR | 2 2004 From the INTERNATIONAL BUREAU
To:
DAVIS AND BujoLp |PCT ’
INFORMATION CONCERNING ELECTED BUJOLD, Michael, J.
OFFACES NOTIFIED OF THEIR ELECTION Davis & Bujold, P.L.L.C.
Fourth Floor
(PCT Rule 61.3) | AC 500 North Commerciel Street
Manchester, NH 03101
United States of America
Date of mailing (day/month/year)
30 March 2004 (30.03.2004)
Applicant’s or agent’s file reference
NOR A-3363PC IMPORTANT INFORMATION
imtemnational application No. intematianal filing date {dey/month/year) | Priority date (day/month/year)
PCT/US2003/024541 04 August 2003 (04.08.2003) 13 August 2002 {13.08.2002)
Applicant ’

1. The spplicant ls hereby informed that the intemational Bureau has, n-ewr:llnu to Article 31(7), notified sach of the following
Offices of Its election:
EP :AT,BE,BG,CH,CY,CZ,DE,DK,EE,ES,FI.,FR,GB,GR,HU,IE,IT.LU,MC,NL,PT,RO,SE,
SI,SK, TR
National :BG,CA,CN,DE,GB,IL,JP,KP,KR,MN,NO,PL.RO,RU,SK,US

2. The following Offices have walvad the requiremant for the notification of their election; the notification will be sent to them
by the [ntarnational Bureau only upon thalr request:
AP :GH,GM,KE LS,MW,MZ,SD,SL,S2,TZUG ZM.ZW
EA :AM,AZ,BY KG,KZ,MD,RU,TJ, TM
OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD,TG
Nstional :AE,AG,ALLAM,AT,AU,AZ,BA,BB,BR,BY,BZ,CH,CO,CR,CU,CZDK,DM,DZ,EC,
EE,ES,Fl,GD,GE,GH,GM,HR,HU,ID,IN,IS KE KG,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,
MG,MK,MW,MX,M2,N2,0M,PH,PT,SD,SE,SG,SL,TJ,TM,TN, TR, TT,TZ,UA,UG,UZ,VN, YU,
ZAZM ZW

3. The spplicant Is reminded thet he must enter the "national phase™ before the expiration of 30 months from the priority date
before sach of the Offices listed above. This must be done by paying the nations! fee(s) and fumishing . if prascribed, &
tranalation of the Intemational application (Article 35(1}(s)). as well as, where applicabls, by furnishing a translation of any
annexes of the International preliminary sxamination report {(Artiole 36{3)(b) and Rule 74.1).

Some offioss have fixed time limhs expiring later than the above-mentioned time limit. For detailed Information about the
applicable time limits and the acts to be performed upon entry into the national phase before s particular Office, ses Volume I
the PCT Applicant's Quide.

The entry Into the European reglonal phase Is postponad until 31 months from the priority date for eli Stetes designated for
the purposes of obtaining & European patsnt.

The Interational Burasu of WIPO Authorized officer:
34, chamin des Colombettes Anita ZANDRINI
1211 Genava 20, Switreriand
Facsimie No. (41-22) 338.80.86 Telephone No. (41-22) 338 9088
Form PCTABA32 (September 1887} 0180846

L
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: ~ PCT/AUSO/24641
PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

P( : I T Ac Toa:
NOTIFICATION CONCERNING BUJOLD, Michael, J.
SUBMISSION OR TRANSMITTAL Davis & Bujoid, P.L.L.C.
OF PRIORITY DOCUMENT Fourth Floor
lal
(PCT Administrative Instructions, Section 411) :n?nl::‘:;ts':o??:‘l-rln 33"1:;1 Street
United States of Amarica
Date of mailing {(day/month/year)
24 September 2003 (24.09.03)
Applicant's or agent’'s file referencs
NOR A-3363PC IMPORTANT NOTIFICATION
International application No. intermational filing dats {dey/month/year)
PCT/US03/24541 04 August 2003 (04.08.03)
Intermational publication date (day/monthlyear) Priority date (day/month/year)
Not yet published 13 August 2002 (13.08.02)

Applleant

SAINT-GOBAIN CERAMICS & PLASTICS, INC. et al

1. The applicant Is hereby notifled of the date of recelpt (sxcept where the lettars "NR" appear in the right-hand oolumn) by the
internationsl Buresu of the priority document(s) relating to the sarlier application{s) indloated below. Unless otherwise
Indicated by an asterisk appearing next to a date of recolpt, or by the latters "NR", In the right-hand column, the priority
document concemed was submitted or transmitted to the international Bureau in compliance with Rule 17.1{(a) or (b).

2. This updstes and replaoes sny previously issusd notification concerning submission or transmittal of prlority documents.

3. An asterisk{*) sppsaring naxt to a date of recelpt, in the right-hand column, denates a prlority document submitted
or tranamitted to the International Bursau but not In complianos with Rule 17.1{a) or {b). in such a case, the stiention
of the applicant Is directed to Rule 17.1{c) which pravides that no designatad Office may disregard the priority claim
ooncerned before glving the applicant an opportunity, upon entry into the national phase, to fumish the priority document
within a time limit which [z reasonable under the ciroumstanoces. )

4. The lstters "NR"™ appearing in the right-hand column denote a priority dooument which was not recelved by the International
Bureau or which the applicant did nat request the receliving Offics to prepare and transmit to the Intemnational Bureau, .
as provided by Rule 17.1{a) or {b), respectively. In such a case, the sttention of the applicant is direated to Rule 17-1{c) which
provides that no designated Office may disregard the priority claim conosmed before giving the applicant an opportunity,
upon sntry Into the national phass, to furnish the priority dooumant within a time limit whioch Is reasonable under the

Facsimila No. {41-22) 338.86.86

olroumstances.
Prioritv data Priority apolication No. Country ar realonal Offics Date of recaint
ar PCT rapaiving Offica af ordarity dooument
13 Augu 2002 (13.08.02) 10/217,623 us 15 Sept 2003 (15.09.03)
The Intormations! Bureay of WiPO Autharized offiosr
34, chemin des Colombetins Sylvie SOBEZYNSKI
1211 Geneova 20, Switrariand

Telsphone No. (41-22) 338 8087

Form PCTAB/304 {July 1088)




PATENT COOPERATION TRE 7Y POTAIG2002/0245

From the INTERNATIONAL BUREAU 7',7
PCT CMP =
RECEIVED
NOTICE INFORMING THE APPLICANT OF THE BLJOLD, Michael, J.
COMMUNICATION OF THE INTERNATIONAL Davis & érm P.LLC. MAR -
APPLICATION TO THE DESIGNATED OFFICES Fourth Foor | 200
500 North cogme.uan St
Manchester, NH 03101
(PCT Rule 47.1(c), first seaicnce) eratsunis pameriaue DAVIS AND BUJOLD
Date of mailing (day/monthv/year}
19 February 2004 (19.02.2004)
Applicant’s or agent’s file reference
NOR A-3363PC IMPORTANT NOTICE
International application No. International filing date (day/nonih/year) Priority date (day/monti/year)
PCT/US2003/024541 04 August 2003 (04.08.2003) 13 August 2002 (13.08.2002)

Applicant
SAINT-GOBAIN CERAMICS & PLASTICS, INC. et al

1. Nolieei:lﬂ'ubygiw:nmuhhnemﬁmﬂBumhlmmm-pwidedinAnl:h:ﬂ.dninmﬁomlnppﬁeaﬁonwﬂn
. following designated Offices on the dats indicated above as the dete of mailing of this notice:

AU, AZ, BY, CH, CN, CO, DZ, EP, HU, JP, KG, KP, KR, MD, MK, MZ, RU, TM, US
In accordance with Rule 47, L(c), third senience, those Offices will accept the present notice as conclugive evidence that the communication

ofmeimﬂnuiuullppliﬂlionhndulyuhnph:eunllmdlleofnilin;indiuudabonuﬂnoeupyofﬂmlnlenmimnhppliuﬁonil
required to be furnished by the applicant to the designated Office(s).

13

The following designated Offices have waived Lhe requirement for such a communication at this time:

AE, AG, AL, AM, AP, AT, BA, BB, BG, BR, BZ, CA, CR, CU, CZ, DE, DK, DM, EA, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, ID, IL, IN, IS, KE, KZ, LG, LK, LR, LS, LT, LU, LV, MA, MG, MN, MW, MX, NO, NZ, OA, OM, PH, PL, PT, RO,
SD, SE, SG, SK, SL, TJ, TN, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZM, ZW

The commmnication will be made to those Officos only upon their request. Furtharmore, those Offices do nol require (he applicant to
furnish a copy of the intamational application (Rule 49.1(a-bis)).

3. Enclosed with this notice is & copy of the international spplication as published by the Intarnational Burean on
19 February 2004 (19.02.2004) under No. WO 20040015158

4, mﬂmwm-man:mmmmmmawmhmmp_

'l'helppliﬂblnl.imlimilfm'ullﬂinglh:mmmmhmthﬂhmmmehﬂMmm
the priority date, mtm!ylnmofwehcdeﬂhEn&mndfuhmﬁnnlmﬁrﬂmmﬂmﬁwhllhdbdnnﬂn
pinlinndl’mmlhﬁmhprhﬂlyhlghllblnnwdwmuomInﬂnnbmofﬁﬁngdﬂdlm.m
Anicle!!(l)nmodiﬁedwithaﬂelﬁomlAﬂmmhmofmmmhwm.uPﬂGmm
. No. 4472001 of 1 November 2001, pages 19926, 19932 and 19934, as well s the PCT Newsletter, Oclober and November 2001 and
Fobruary 2002 issues.
hm&&ﬂmlﬂho&ummm&mnﬂlwﬂlwﬁmhmmﬁl'vn:iullpuind:oflinm.inmpclofcﬂllin
d:si.nlmdorelecudOlﬁnu.Furtgnhrupdlluenlholppﬂnhhﬂmelhﬂhmzl.m“!l maonths, ar other time limit), Offics by
Office, rofer 1o the PCT Gazeute, the PCT Newsletter and the PCT Applicant’s Guide, Volume 11, National Chapiers, all available from
WIPO's Iniemet sile, at hup-//www_wipo.int/pcien/index.biml

For filing a demand for International preliminary examination, see the PCT Applicant’s Guide, Volume VA, Chapter IX. Only an
lppllclnlwhnilnmﬁomlwrddm:olll’crcomnlingSuuwhichilhmndbyd:qlﬂ'llhn:ﬂnrighlloﬁleathmlnd for
intemational preliminary examination (at present. all PCT Conlracting States are bound by Chapter LI).

It is the applicant’s sole responsfbility 1o monitor all these time Limits.

The International Burosn of WIPO Autharized officer

e Sttt Gijsbertus Beijer - Carlos Roy

Pacsimile No.(41-22) 740.14.35 Telephone No.(41-22) 338.91.11
Form PCT/IR/308 (Apwil 2002)




. " ATENT COOPERATION TRE ' TY] RECEIVED

From the y
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY JUN -7 ¢
To: .
3 BUJOLD, PLLC,
Bujold, Michael J.
DAVIS & BUJOLD P.LLC. ]'40
SOI?EP' Commercial Street, WRITTEN OPINION
4th floor
MANCHESTER, New Hampshire 03101 (PCT Rule 66)
ETATS-UNIS D'AMERIQUE
Date of malfing
(daydnonthirear) 01.08.2004
Applicant's or agents flle refersnce REPLY DUE within 3 month(s)
NOR A-3363PC from the above date of malling
inlemational appileation No. intemational filing date {dayinonihiesar) Priority date (daydnonthjrear)
PCTAS 0324541 04.08.2003 13.08.2002
Intamational Patent Classification {(IPC}) or both national classification and IPC
C23C4N10 by
Applcant

SAINT-GOBAIN CERAMICS & PLASTICS, INC.

For the examiner's obligation to

3. The applicant Ia hereby invited to reply to thia opinion.

When? Sao the time Omit Indicated above. The appficant may, before the expiration of that time 1lmit,
regquest this Authority lo grant an axtension, ses Rule 88.2(d).

How? By submitting a written reply, accompanied, where appropriate, by amandmants, according o Rule 68.3.
For the form and the language of the amendments, see Rules 88.8 and 68.9.

Also: For an additional opporiunity to submi amendments, see Rule 88.4.
congider amandments andbr arguments, sea Rule 88.4 bia.
For an Informal communication with the examiner, aee Rule 68.8.
if no reply s filed, the intamational prefiminary examination report will be sstabiishad on the basis of this optnlon.

4. The final date by which the intemational preliminary
examination report must be established according to Rule 69.2 is: 13.12.2004

1. This written opinion is the first drawn up by this Intemational Preliminary Examining Authority.
2. This opinion contains Indications relating to the following ltems:

Non-establishment of opinion with regard to novelly, Inventive step and industrial appheabliity

Reasoned statement under Rule 68.2(a)(li) with regard to novalty, inventive step or industrial apptlicabliity;

| & Basisof the opinion
Il O Prority
m 0o
IV O Lackofunlty of Invention
v B
citations and explanations supporting such statement
VI [0 Certaln documents cited
Vil O Certain defects in the Intamational application
Viit OO Certain observations on the International application

Name and “.Imh l-oﬂhlllllﬂmlhlll

. NL-2280 HV Rjswilk - Pays Bas
Tel. +81 70340 - 2040T:31 651 eponl
Fax: +31 70 340 - 3010

Authorizad Officer

Eumpunmmtouu - P.B. 5818 Patantiaan 2

—
e e l)

Delmon, G ‘\
Telephona No. +31 70 340-2525 "

Form PCTAPEA/408 (Cover S8heef) (January 2004)
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WRITTEN OPINION Interational application No. PCTAJS 0324541

I. Baslis of the opinion

1. With regard to the elements of the intematior-lal application {(Replacemnent sheets which have been furnished to
g;:d.n)i_aeivfngOfﬁcelnmsponsa fo an invitation under Article 14 are referrad to In this opinion as “originally

Description, Pages
1-8 as originally filed

Claims, Numbers

1-9 as originally filed

Drawings, Sheets
15-55 as originally filed

2. With regard to the language, all the elements merked above were available or fumished to this Authority in the
language in which the intemational application was flied, unless otherwise indicated under this item.

These elements were avallable or fumished to this Authority in the following language:  , which is:

O the language of a translation fumnished for the purposes of the intemational search (under Rule 23.1(b})).
0O the language of publication of the intemnational application (under Rule 48.3(b)).

O the language of a translation furished for the purposes of intamational preliminary examination (under
Rule 55.2 andbr 55.3).

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the
intemational preliminary examination wes carried out on the basis of the sequence listing:

contained in the intemational application in written form.

filed together with the intemational application in computer readable form.
furnished subsequently to thia Authority In written form.

fumished subsequently to this Authority In computer readable form.

The statement that the subsequently fumished written sequence listing does not go beyond the disclosure
in the intemational application as filed has beaen fumished.

The statement that the information recorded in computer readable form is Identical lo the written sequence
listing has been furnished.

4, The amendmsnts have resulted in the cancellation of:

O ODOoooao

O the description, pages:
O the cleims, Nos.:
O the drawings, sheets:
0

This opinlon has been established as If (some of) the amendments had not been mads, since they have
been considered to go beyond the disclosure as filed (Rule 70.2(c)).

6. Additional observations, if nacessary:

Form PCTAPEA/408 (January 2004)
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WRITTEN OPINION International application No.  PCTAJS 03/24541

V. Reasoned statement under Rule 66.2{a){(ll) with regard to novelity, Inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement
Novelty (N) Claims 1
Inventive step {IS) Claims 1-9
Industrial applicability (LA) Claims 19

2. Citations and explanations

see separate sheet

Form PCTAPEA/408 (January 2004)
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WRITTEN OPINION Intemational application No. PCT/US03/24541
SEPARATE SHEET

Re tem V
Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step
or industrial applicability; citations and explanations supporting such statement

Reference is made to the following documents:

1. D1: Chemical Abstracts Service,Colombus,Ohio,US

Yano, Toyohiko: * Effects of spray pyrolysis conditions on the character of
yitria-partial stabilized zirconia powders”.
retrieved from STN
database accession no.:106:89058 *
XP002265437
& Yogyo Kyokaishi (1987), 95(1),111-16

D2: Chemical Abstracts Service,Colombus,Ohio;US
Kato, Akio: " Sinterability of calcia-stabillzed zirconia powders prepared by
spray-pyrolysis technique”®. -
retrieved from STN
database accession no.: 89:199472
XP002265436
& Nippon Kagaku Kaishi (1983), (10),1544-6

D3: Surface and Coatings Technology 96 (1997) 313-322
K.A.Khor: *Rapidly solidified neodyma-stabilised zirconia coatings prepared
by DC plasma spraying®.

D4: US-A-2535526

D5: US-A-4450184

D6: WO-A-0245931

D7: JP-A-11335804

2. D1 discloses a fine Y203-partially stabilisad ZrO2 powder. The powder crystal phase
is tetragonal. The particle size is 0.2-5 mu.m and is hollow.

Hence independent claim 1 doesn't fulfill the criterion of Art.33(2) and (3) with respect
of novelty and inventive step.

Form PCT/Bepamats Sheet/£08 (Bheet 1) (EPO-Apl 1097)
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WRITTEN OPINION Intenational application No. PCT/AUS03/24541
SEPARATE SHEET

3. D2 discloses a CaO-stabilized tetragonal hollow ZrO2 powder (1-5 mu.m.)

Hence independent claim 1 doesn't fulfill the criterion of Art.33(2) and (3) with respect
of novelty and inventive step.

4. D3 discloses a method for preparing neodymia-stabilized zirconia powders and their
coatings by plasma spraying by combination of mechanical milling, thermal plasma
melting, solidifying, heat treating and spraying. The spheroidised powders have a
particle size from 5 microm. to 70 microm. and consist of the cubic phase (97,43% with
10% Nd203) (see page 314, point 2- 317, point3.2).

The difference between D3 and the present application is the non-specification of the
electrofusing step and that the powders are hollow .

5. D4 discloses a process for making of stabilized zirconia (cubic zirconia is 75% to
90% or even more), ready for manufacture into bricks or other shapes, comprising
fusing In an electric arc fumace a stabilized zirconla charge, cooling and calcining it
(see col.4, lin. 48- col.6, lin.2; col.6, lin. 52-55; claims1-3).

6. D5 discloses a process for producing a coating by spraying hollow stabilized
zirconium oxide particles. The hollow sphere particles are made by feeding and fusing
the particles into a plasma spray gun (see col.3, lin. 56-63; claims 1-5).

The skilled person would therefore combine the teachings of D3,D4 and D5 to amive at
the same solution of claim 5.

Hence independent claim 5 doesn't fulfill the criterion of Art.33(3) with respect of
inventive step.

7. D6 discloses a method of producing a prealloyed stabilized zirconia powder
comprising the steps of mixing and alloying yttria and zirconia powders using an
induction arc process, powderizing the alloyed cubic/tetragonal yttria-zirconia material,
spray-drying the stabilized zirconia powder suitable for use in spray coating
applications. The powder has an average particle size of no more than about 10
microns or between about 11 and 150 microns.

8. D7 discloses the plasma spray coating of yttria-stabllized zirconia, comprising

Form PCT/Sepamie Shoal/408 (Sheet 2) (EPO-Apr 1997)
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WRITTEN OPINION International application No. PCT/US03/24541
SEPARATE SHEET

plasma spraying of raw powder, wich is obtained by mixing 5 to 20 vol. % yttria and
zirconia powder into an hollow shape , wich is obtained by gas atomization into yttria-
stabilized zirconia powder, wich is obtained by meiting and pulverizing.

9. Dependent claims 2-4, 6-9 do not appear to contain any additional feature wich, in
combination with the features of any claim to wich they refer, meet the requirements of
the PCT with respect of inventive step. The reasons are as follows: said features are
known from D1,D2,D3,D4,D5,D6 and /or D7.

Form PCT/Beparate Sheet/408 (Sheet 3) (EPO-Apill 1807)



PATENT COOPERATION TREATY

Applicant(s): Saint-Gobain Ceramics and Plastics, Inc.

[ntenational App. No.: PCT/US03/24541 International filing date: August 4, 2003
Officer: D. Elsen Priority Date: August 13, 2002
Applicant or Agent's Ref.: NOR A-3363PC

EUROPEAN PATENT OFFICE
ATTN: IPEA

P.B. 5818 Palentlaan 2

NL-2280 HV Rijswijk-Pays Bas _
Fax No.: 011-31-70-340-3016

RESPONSE TO WRITTEN OPINION
Sir:

In response to the Written Opinion dated June 1, 2004, reconsideration of the reasoned
statements contained in the Written Opinion is respectfully requested for the reasons outlined

below.

1. Independent claim 1 was rejected as lacking to fulfill the eriterion under Article 33(2)
and Article 33(3) with respect to novelty and inventive step. The EPO has cited D1 and D2 to
support its position.

By way of beckground, the claimed invention is drawn to a Zzirconia thermal spray
powder having at least about 96% by weight stabilized.in the tetragonal crystal phase and being
in the form substantially spherical particles having a particle size less than 200 microns, the
majority of the particles being hollow. Of particular significance, the zirconia thermal spray
powder is chemically uniform.

The claimed invention was developed after recognition that state of the art thermally
sprayed hollow zirconia particles.are chemically non-uniform. A discussion is provided in the
section entitled “Background of the Invention™ in the present specification, which describes state

1035-A33563-WO Responusc to WO 2 -1- PCTAUS01/43649
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oftheartproc&ssinginwhichunueuednwmaterialsuefedtoaﬂunespr.nyappnntustoeffect
hollow zirconiz particles. Upon characterization, these particles were found to be chemically
non-uniform, as shown by the largely irregular and non-linear edge-to-edge data plots of
elemental yttrium shown in Figs. 3 and 4 in the present application. In contrast, as'described in
the present specification, page 6, lines 7-10 and unequivocally shown by the e.dge-to-edge data
plot shown in Fig. 5, the present invention has a high degree of chemical uniformity. As
described, this high degree of chemical uniformity is at least partly due to treating the raw
materials prior to heat treating (e.g., flame spraying) to form hollow particles. More particularly,
the raw material is formed through an electrofusion technique, where the material is electrofused
prior to heat-treating to form spherical hollow particles.

Applicant respectfully submits that D1 and D2 fail to disclose or even remotely suggest
such features that contribute to chemical uniformity, and further, that D1 and D2 fails to teach
any other processing characteristics to achieve chemical uniformity. Indeed. the references D1
and D2 expressly disclose that the materials are chemically non-uniform. As described in D1,
processing the feedstock material (salts) by pyrolysis was found to be incomplete. This
incomplete pyrolysis of the feedstock materials results in chemically non-uniform end product.
Applicant submits that this processing pathway results in even less chemically uniform zirconia
powder than the state of the art described in the Background, which at least provides for
complete processing by thermal spraying (albeit still non-uniform). Accordingly, the claimed
invention is clearly distinguished of the D1 and D2.

Since D1 and D2 fail to disclose or even remotely suggest chemically uniform zirconia
thermal spray powder as required by the claimed invention, reconsideration of the positions
taken by the EPO are respectfully requested.

2. The Written Opinion goes on to state that independent claim 5 does not fulfill the
criterion of Article 33(3) with respect to inventive step. Reconsideration of this position is
respectfully requested as well.

[t appears that the EPO has combined the teachings of D3, D4 and D5 in an attempt to
meet all features of the claimed invention. D3 and D5 have been relied upon by the EPO to
show that spheroidal, hollow zirconia powders may be formed by thermal spraying. Since

-2-
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references D3 and D5 fail to disclose or suggest preliminarily electrofusing and quenching the
material prior to heat treatment (e.g., thermal spraying) to form spherical, hollow powder, the
EPO has relied upon D4. However, Applicant submits that D4 merely teaches a well known, art-
recognized technique for forming zirconia raw material by an electrofusion process. In this
context, the resulting material is then used in a typical molding process, followed by heat
treatment to form end products. Nowhere do the references alone or in combination suggest

combining electrofusion with heat treatment (e.g.. thermal spraying) to form chemically uniform,
spherical and hollow zirconia powder. It appears that in the stated combination of D3, D4, and

D5, individual features of various references have been chosen without any sound technical basis
in an attempt to recreate the invention. The references nowhere suggest combining electrofusion
with thermal spraying, let alone such a combination to achieve chemical uniformity as claimed.
Absent Applicant’s own disclosure, the disclosed electrofusion technique would be interpreted to
. be merely a traditional alternative to formation of zirconia powder by thermal spraying. The
combination of features is clearly nowhere suggested by the art of record.

For at least the foregoing reasons, Applicant respectfully requests reconsideration of the
reasoned statement with respect to claim 5.

3. The remaining references D6 and D7 have been further relied upon by the EPO in an
attempt to meet the additional features of the dependent claims. Applicant respectfully submits
that the additional references fail to overcome the deficiencies discussed above. Accordingly,
reconsideration of the positions with respect to the dependent claims is respectfully requested as

well.
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For at least the foregoing reasons, Applicant respectfully requests issuance of a favorable
International Preliminary Examination Report.

s«ﬁ?_/w

Date /

{

Respectfully submitted,

. l. Reg. N6

for Applicant(s)
LER, LARSON & ABEL, L.L.P.

5000 Plaza On The Lake, Suite 265

Austin, TX 78746

(512) 327-5515 (phone)

(512) 327-5452 (fax)

“
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mmmummmummmm-. {f s-v Or more Authorisies are competet, with
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IPEA/,

PCT

CHAPTER 11

DEMAND

under Article 31 of the Putent Cooperation Trealy:
The undersigned requests that the interaatiopal application specified below be the subject of
internatonzl prelimloary examination aceording to the Putent Cooperation Treaty.

1 New Bond Street

Box Number 15138
Worcester, MA 01615-0138
uUs

SAINT-GOBAIN CERAMICS & PLASTICS, INC.

Bex No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION Applicant’s or agent’s flle reflerence
NOR A-3363PC

Intemational application No. WNMMWJ (ﬁﬂlﬂmmmmm

PCT/US03/24541 August 04, 2003 13 August 2002

Title of nvemion

PLASMA SPHEROIDIZED CERAMIC POWDER

Pox No. I APFLICANT(E)

Name s (Pl e et B e nay Telepbone No.:508-795-5712

Escsimile No.:508-795-2653

Teleprinter No.:

Seate (Le. conmry) dm:us

Site (Lo, cosulry) ofruiln::us

WALLAR, Howard

12 Jaimie Ann Drive
Rutland, MA 01543
Us

Namo and address: grumily sems followed by gives smmc; for o iegal guthly, full afficial dicslgnasion. Thhe ubirers st iy pasiaf coule sl sams of COETY.)

Staie (e comntry) of IIIIIIIIIIITUS

Stuta (I.e. counnry) drdd-u:Us

Nama and address: gRunily s folivend by given e jor « iegal antity, Al oficial doigastion. The enkinezs mint inciasles povsal cods ond mut of cowery.)

Swate (Le. country) of uxtiomality:

Swta ff.s. antry) of rekdence:

8] Further applicants are indicated on a continuation sheet.

Form PCT/IPBA/M01 (first sheet){Jarmary 1994; reprint Jaguary 1996) See Notes to the demand form

..'.-_...'- PLTTR L
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{ Ioseraational applieation No.
Shect No. 2 PCT/US03/24541

Bex No. I AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESFONDENCE

The following personis M agent [ common representative

and | | hnbemappohmdnﬂierlnduptumﬂﬂnlpplinnﬂl)uwforinmﬁmﬂpmlimim
a hhnabyappohwdmdmymﬁeuppohmd(m)qmt(mmmumuﬁwhh:mby
revoked.
a hhﬂebyappohwd.npwiﬁnuyformepmmummemmﬁmﬂhﬂinﬁnwﬁnmiﬁng
Aulhoﬁly.inaddiﬁonmmnpn_l(l)leommrepmmnﬁve:moinwdurﬁu.

e L e e vene) s a we sy Telephone No.:
Michael J. Bujold 603 624-9220
Customer No. 020210 o
F; le No.:

Davis & Bujold, P.L.L.C. acsimile No
Fourth Floor 603 624.9229
500 North Commercial Street

Manchester NH 03101 Telcprinter No.:
Us
E-mail: gateﬂdav!'gandggio!g gom

a Mukﬁhcbuk—bmwhuemmmmrqmﬁwwmmmmmemm
is used instead to indicate & special address to which correspondence should be sent.

Box No. IV STATEMENT CONCERNING AMENDMENTS

mlppﬁcantwi:hﬂlhelnmnimﬂhelinimﬁxminingmﬂty*

i = bmntheimermﬁonﬂpnﬁmimrymmimﬁonmlhebuhoftbinmmﬁmﬂappﬁuﬁmu

@i 04 to take into account the amendments under Article 34 of
a the description (amendments attached).
a the claims (amendments attached).
a the drawings (smendments attached).

gi) 04 mmmmwwd&dﬁmmmwﬁmmmmﬂmﬁm
Burean (a copy in attached),

ivy O to disregard any amendments of the claims made under Article 19 and w consider them a8
reversed.

vy O mmmwduwmmm&mdmm
mummmmmmﬁmnmamwmm
MIDMIWMMWMMMMMDMMWM
69.1(d)). mmmmumummnmmwmAmmmmww

expired.)

Bax No. V ELECTION OF STATES

B The applicant hereby clects all cligible States (that s, alf States which have been designated and which are
bound by Chapter Il Gf the PCT) CXEBIE « <« v+ v v vvennnnnnsssannssnsssssesesananncss

must be indicated above.)

Form PCT/IPEA/M01 (second sheet)(Janpary 1994; reprint Jamary 1996) Ses Notes to the damand form
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Interaations]
Sheet No. 3 reptloatie

PCT/US03/24541

Bax No. V1 CHECKLIET

The demand is accompanied by the following documents

for the purposes of international preliminary
examination:

I. amendments under Article 34

description : sheets
claims : sheens
drawings : sheets
2. letter accompanying amendments
under Article 34 : sheets
3. copy of amendments
under Article 19 : sheets
4. copy of statement
under Article 19 : sheets
5 other (specify): : sheets

The demand is also sccompanied by the item(s) marked below:
1. o separute signed power of aitorney 4, | fec calculation sheet
2. O copy of general power of attorney 5. | other (specify)-Check EUR 1,659

3. O statement explaining lack of signature

Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPREEENTATIVE
Nzt a0 each siguaturs, buficets the nums of the parses dhqﬂhﬂhwﬂﬂﬂﬂh-*ﬁ-mﬁ_ﬂ-

1. Date of actual recelpt of DEMAND:

2. Adjusted duee of receipt of demand due
o CORRECTIONS under Ruls 60.1(b):

mu&wunmumumuwm a The applicent bas heen
o jtem 4 or 3, below, does not apply.

mmammaumumhpﬂdlsmmummuwwmof
Rule 80.5.

M&Mdmﬂudhﬂdhaﬂuhuﬂnﬂudwmmumm.lh:ddlymlnlnln
msnant o Rule 8.

Form PCT/APEAMGL (st ster)0acoey 1994; repriss Jamry 1998) Eor Notes 19 sha duad form




Y3

- ' RECEIVED
LATENT COOPERATION TREA i
NOV | 9 2004
From the .
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY :
-DAVIS AND BUJOLD  :.

To: PC - &

Bujold, Michaael J. :

DAVIS & BUJOLD P.L.L.C.

500 N. Commercial Street, NOTIFICATION OF TRANSMITTAL OF

4th floor THE INTERNATIONAL PRELIMINARY

MANCHESTER, New Hampshire 03101 EXAMINATION REPORT

ETATS-UNIS D'AMERIQUE (PCT Rule 71.1)

Daie of making
{dayinonthirear) 16.11.2004

Applicant's or agent's file reference

NOR A-3383PC IMPORTANT NOTIFICATION

Intermational application No. Intemational flling date (dayimonthiear) Priority date (dayinonthiear)

PCTAJS 0324541 04.08.2003 13.08.2002

Applicant

SAINT-GOBAIN CERAMICS & PLASTICS, INC.

The applicant is hereby nolified that this imlemational Preliminary Examining Authority transmits herewith the
inte:national preliminary examination report and its annexes, if any, established on the international
application.

A copy of the report and its annexes, if any, is being transmitted to the Intemational Bureau for
communication to alt the elected Offices.

Whare raquired by any of the elected Offices, the International Bureau will prepare an English translation of
the report (but not of any annexes) and will transmit such translation to those Offices.

The applicant must enter the national phase before each slected Oifice by performing certain acts (filing
transiations and paying national fees) within 30 months from the priority date (or later in some Offices)
(Article 39(1)) (see also the reminder sent by the Intemational Bureau with Form PCTABS01).

Where a translation of the interational application must be furnished to an slected Office, that translation
must contain a transiation of any annexes to the international preliminary examination report. it is the
applicant's responsibility to prepare and fumish such translation diractly to each elected Office concemed.

For further details on the applicable time limits and requirements of the elected Offices, sea Volume Il of the
PCT Applicant's Guide.

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability describad in Article 33(2) to (4) merely gerve the purposes of intemnational
preliminary examination and that "any Contracting State may apply additional or differant criterla for the
purposes of deciding whether, in that State, the claimed inventions is patantable or not" (see also Article
27(5)). Such additional criteria may relate, for axample, to exemptions from patentability, requirements for
enabling disclosure, clarity and support for the claims.

Name and malling eddress of the intemational Authortzed Oficer
prellminary axamining authocity: f'..‘
European Patent Offica - P.B. 5318 Patantiasn 2 Delmon, G : Q)\
NL-2280 HV - Pays Bas
Tel. 431 70 340 - 2040 Tx: 31 851 eponl Tel. 431 70 340-2525 ‘\ j
.

Fax +31 70 340 - 3018

Forrn PCTAPEA/418 (Janusry 2004)




'JTENT COOPERATION TRE';]'Y

PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT
(PCT Article 36 and Rule 70)

s

Applicant's or agent's file referance Sea Nolification of Transmittal of Intamational

NOR A-3383PC FOR FURTHER ACTION Praliminary Examination Report (FonnmPCTAPEAMs)
intemational application No. international fling date (dajtonthjaar) Priority date (deyéinonthiear)
PCTAJS 0324541 04.08.2003 13.08.2002

Intomational Patent Classification {IPC) or both national classification and IPC

C23C4/10

Applicant

SAINT-GOBAIN CERAMICS & PLASTICS, INC.

1.  This intemational preliminary examination report has been prepared by this Intemational Preliminary Examining
Authority and s tranamitted to the applicant according to Article 36.

2. This REPORT consists of a fotal of 8 sheats, Including this cover sheet.

O This report is also accompanied by ANNEXES, i.e. sheets of the description, claims andbr drawinge which have
been amendad and are the basis for this raport andbr sheets contalning reciitications made before this Authority

(see Rule 70.18 and Section 607 of the Administrative Instructions under the PCT).

These annexes consalst of a total of sheets.

3. This report contalns indications relating lo the following items:

| B Basis ol the opinion
I O Prioty .
il O Nonestabllshment of opinion with regard to novelty, inventive step and industrial appiicablity
IV [0 Lackofunlty of invention
V [ Reasoned slatement under Rule 88.2(a)(H) with regard to novelty, inventive step or Industrial apphicablity;
cltations and explanations supporting such slatement
Vi [0 Certaln documents cited
Vil [0 Certain defects in the intemational application
Vili OO0 Cerain observations on the international application .
Date of submission of the demand Date of completion of this report
27.01.2004 16.11.2004
Name and maliing address of ths inlemational Authorized Officor
preliminary ing authortty: f“\
European Patent Office - P.B. 5818 Patsntiaan 2 ! \
j NL-2280 HV Rilswiik - Pays Bas Elsen, D i
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INTERNATIONAL PRELIMINARY
EXAMINATION REPORT Intemational application No. PCTAS 03724541

Basis of the report

1. With regard to the elements of the intemational application (Replacemnent sheels which have been furnished to

the receiving Office in rasponse to an invitation under Article 14 are referred to in this report as “originally filed”
and are not annexed o this report since they do not contain amendments (Rules 70.16 and 70.17)).

Description, Pages
1-8 as originally filed

Claims, Numbers

19 as originally fied
Drawings, Sheets
15-55 as originally filed

With regard to the language, all the elements marked above were available or furnished to this Authority in the
ianguage in which the intemational application was filed, unless otherwise indicated under this item.

These elements ware available or fumished to this Authority in the following language:  , which is:

O the language of a translation fumished for the purposes of the intemational search (under Rule 23.1(b}).
O the language of publication of the intemational application {under Rule 48.3(b)).

O the language of a translation fumished for the purposes of intemational preliminary examination (under
Rule 55.2 andbr 55.3).

With regard to any nucleotids andior amino acld sequences disclosed in the intemational application, the
international preliminary examination was carrled out on the basls of the sequence listing:

O contained in the intemational application in written form.

filed together with the international application in computer readable form.

fumnished subsequently to this Authority in written form.

fumished subsequently to this Authority in computer readable form.

The statement that the subsequently fumished written sequenca listing does not go beyond the disclosure
in the intemational application &s filed has been fumished.

The statement that the information recorded in computer readable form is identical to the written sequence
listing has been fumnished.

O oOooa

. The amendments have resulted in the cancellation of:

O the description, pages:
O the claims, Nos.:
OO0 the drawings, sheets:

Form PCTAPEA/409 (January 2004)
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EXAMINATION REPORT International application No. PCTAJS 0324541

5. [J This report has been established as if (some of) the amendments had not been made, since they have
been considered to go beyond the disclosure as filed (Rule 70.2(c)).

(Any n)aplacemenr sheel containing such amendments must be referred to under item 1 and annexed (o this
report,

6. Additional observations, if necessary:

V. Reasoned statement under Article 35(2) with regard to novelty, Inventive atep or industrial applicabllity;
citations and explanations supporting such statement

1. Statement
Novety (N) Yes: Claims .
No: Claims 14
Inventive step (IS) Yes: Claims
No: Claims 1-9
Industrial applicability (IA) Yes: Claims 1-9
No: Claims
2. Citations and explanations
see separate shest
Form PCTAPEA/ 400 (January 2004)
:-.:%. X :\. -
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Beitem V
Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Reference is made to the following documents:

D1: Chemical Abstracts Service,Colombus,Ohio,US ;
Yano, Toyohiko: * Effects of spray pyrolysis conditions on the character of :
Yttria-partial stabilized Zirconia powders®. :
retrieved from STN
database accession no.: 106:89058
XP002265437
& Yogyo Kyokaishi (1987),95(1),111-116.

D2: Chemical Abstracts Service, Colombus,Ohio,US
Kato,Akio; "Sinterability of calcia-stabilized zirconia powders prepared by
spray-pyrolysis technique®.
retrieved from STN
database accession no.: £§9:199472
XP002265436
& Nippon Kagaku Kaishi (1983),(10), 1544-6.

D3: Surface and Coatings Technology 96 (1997) 313-322
K_.A.Khor: " Rapidly solidified neodyma-stabilised zirconia coatings prepared
by DC plasma spraying®.

D4: US-A-2535526

D5: US-A-4450184

D6: WO-A-0245931

2. The Applicant's arguments and explanation ( letter of 08.07.04) have been carefully
considered.

3. The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claims 1-4 is not new in the sense of Article 33(2) PCT.

3.1. The document D1 discloses (the references in parentheses applying to this
document): a fine Y203-partially stabilised "ZrO2 powder". The powder crystal phase is

tetragonal. The particle size is 0.2-5 mu.m and is hollow.

3.2. Rhe document D2 discloses a CaO-stabilized tetragona! hollow "ZrO2 powder”

Form PCT/Separis Sheet/400 (Shaet 1) (EPO-Aprl 1897)
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{1-5mu.m).

4. The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claim 5 does not involve an inventive step in the sense of Article 33(3)
PCT.

4.1. Document D3 discloses a method for preparing neodymia-stabilized zirconia
“powders" and "their coatings by plasma spraying" by combination of mechanical
milling, thermal plasma melting,solidifying, heat treating and spraying. The spheroidised
powders have a particle size from 5 microm. to 70 microm. and €onsist of the cubic
phase ( 97,43% with 10% Nd203) ( see page 314, point 2-3; page 316; page 317,
L.h.col.).

The difference between D3 and the present application is the non-specification of the
electrofusing step and that the powders are hollow.

4.2. Document D6 discloses a method of producing a prealloyed stabilized “zirconia
powder* comprising the steps of mixing and alloying yttria and Zirconia powders using
an induction arc process, powderizing the alloyed cubic/tetragonal yitria-zirconia
material, spray-drying the stabilized zirconia powder suitable for use in * spray coating
applications". The powder has an average particle size of no more than about 10
microns or between 11 and 150 microns ( see claims 1,2,3,6,7,13). The spray dried
powder is homogeneous ( see page 4, lin. 16-17).

4.3. Document D5 discloses a process for producing a coating by “spraying” hollow
stabilized zirconium oxide particles. The hollow sphere particles are made by spray-
drying the powders and then by feeding and fusing them into a plasma spray gun ( see
col. 2, lin. 53- col.3, lin. 6; col. 3, lin. 56-67; col.4, lin. 51-66).

4.4. Document D4 discloses a process for making a stabilized relatively pure zirconia
product ( crystalliine zirconia in the form of cubic crystals rather than monoclinic
crystals) ( see col. 1, lin. 23-37), ready for manufacture into bricks or other shapes,
comprising fusing in an electric arc fumace a stabilized zirconia charge, cooling and
crushing it and calcining it at a temperature of 1400°C to 1450°C ( see col. 4, lin. 46-
col6, lin. 2; Col. 6, lin. 52-54 ; claims 1-3).

The skilled person would therefore combine the teachings of D3,D4,D5 and D8 to arrive
at the same solution of claimb.

Form PCT/Separate Sheat/400 (Sheat 2) (EPO-Apiil 1987)
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5. Dependent claims 6-8 do not contain any features which, in combination with the
features of any claim to which they refer, meet the requirements of the PCT in respect
of novelty and/or inventive step, see documents D1 ,D2,03,D4,D5 and D6 and the
cormesponding passages cited in the search report.

Form PCT/Separate Sheet/408 (Sheat 3) (EPO-Aprl 1887)
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POLVO CERAMICO PLASMA REDONDEADO

CAMPO DE LA INVENCION

La presente invencidn se relaciona con los polvos cerdmicos, particularments los
poivos de zirconio, y un proceso para la produccién de polvos caerémicos por el
cual los polvos tienen un composicién altamente uniforme.

ANTECEDENTES DE LA INVENCION

Los polvos de zirconio estabiizado son ampliaments uliizados para obtener
recubrimientos térmicaments estables y resistenies a ia abwasitn de piezas que
son axpuestas a muy aitas temperaturas durants su uso pero que son tambisn
axpuestas a temperatura ambients. Ello tiens, sin embargo, una bien conocida
hmitacién en cuanto que a mediia que oscila enire altas y bejas, sufre un cambio
de fase cristalina de una estruclural cristalina teiragonal, que es esiable a
elevadas temperaturas, a una estructural crisiaina monodinica, que es estable a
temperatura ambiente. Los cambios de volumen que ocurren a medida que esios
cambios de fase cristalina tienen lugar comprometen la integridad fisica de los
recubrimientos de zirconio.

Hay otra fase del Zirconio que es también esiable a8 temperaturas superiores de la

SO

temperatura de transicién monociinica/tetragonal, (la fase " ciibica ), pero puesto

que son muy pequelios o ninguno los cambio de volumen que ocuren en la
fransicién de cibico a tetragonal, esta es tralada para los propdsitos de esta
descripcidn como una forma de Ia fase tetragonal y en consacusncia no se le hace
fiatincid

Para resolver los problemas de integridad con los recubrimientos de zirconio
resultantes de los cambios de fase cristaling, es usual usar zirconio estabilizado en
los reculvimientos de poivo. La estabilizacién puede ser lograda por la adicibn do
un nimero de adilivos que tienen el efecto de inhibir la conversion de la fase
cristalina tetragonal a la fase cristalina monociinica durante el enfriamiento. Tales
hatnia y éoddos de metales de tierras raras. '
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Los recubrimienios de zirconio estabilizado son amplaments utiizados para
producir un reculvimiento protecior desgastable sobre superficies o como
recubrimientos térmicos. Ellos son tipicamente aplicados como sprays con un
spray de liama 0 con un spray de plasma.

En la produccién de polvos de zZirconio estebiizados, la ticnica mé&s comGn es
descrita en fa patente US No 4,450,184 a Longo et al, en ia cual una lechada
acuosa de una mezcla de Zirconio y materiales estabfizantes es alimentada a un
secador de rociado (spray) para formar particulas porosas secas. Las particulas
porosas son fundidas en estructuras huecas homogéneas con pistolas de rociado
de llama o de plasma que deriten y fusionan los componentes de tal manera que
las particulas lanzadas de alli son zirconio estabiizado. £l termo rociado de le
esferas huecas cyean un recubrimiento poroso y desgasisble. Sin embargo, el
proceso Longo no aicanza un alto grado de uniformidad en su composicion.

La patente U.S No 5418,015 a Jackson et al, desarmolia una composiciin de
estabiizado mezciado con zirein y un odido seleccionado para formar un
recubrimiento de cxido refractario amorfo. Tales producios sin embeargo, no tienen
el nivel requerido de tamafio y uniformidad composicional que se seria deseable
para asegurar una buena barera trmica de recubrimienio para utilizacién a allas
temperaturas. Esto es al menos en parte porque hay muchas oportunidades para
variabiidad en el recubrimiento resultante, como consecuencia de los diferentes
tamafios de particulas en la alimeniacién, el disefio/forma de las pistolas de lama
piasma, las presiones de las tasas de alimentacién y similares.

Otro método para preparar zirconio estabilizado envuelve sinterizacién donde los
componentes son mezciados como polvos, sinterizados, y una vez enfriados, la
masa sinterizada es triturada en particulas. Estas particudas pueden luego servir
como alimento para un spray de flama. Desaforiunadements, este proceso no
proporciona un alto nivel de homogeneidad quimica en la eslabiizacién y resulta
on formas y tamafios que varian ampiaments en la aimentacidn.

Las mezcias cerdmicas de zirconio estabilizado pueden también ser hechas por
preparadas por los métodos discutidos anteriormente porque ellas son el resultado
de un derrelido completo de los componentes. Sin embargo, los componenias son
dificiles de desvetir y tiene pobres caracteristicas de flujo como consecuencia de su
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aita densidad y forma imegular generada cuando las masas fundidas son trituradas
pam obiener particulas. Asl, los polvos de zirconio establizado actuslments
disponibles hechos por electrofusion tienen un alto grado de material no demetido
en el proceso de raciado resultando en pobres eficiencias y reculbrimientos con un
aito contenido de particulas de material no demetido. Las particulas no demetidas
introducen esfuerzos en el recubrimiento debido a las densidades cambiantes det
recubrimiento en y alrededor de las particulas no demretidas. Como resultado, Ia
condiciones estresantes. '

No obstante el estado de la tecnologia, serfa deseable obtener un poivo cerdmico
con un alto nivel de uniformidad quimica y morfoldgica, que a 3u vez, provea un
durable recubrimiento de termo rociado.

En al primer aspecto, esia invencién esta dirigida a un polvo de zirconio
particularmente adaptable para ser usado como un recubrimiento térmico, el cual
esta comprende zZirconio estabilizado morfoldgica y quimicaments uniforme,
esencialmente en la forma de esferas huecas.

El Zirconio es quimicamente uniforme, y por esto se indica que el zirconio es al
menos 90% puro y que al menos el 96 % en peso, esia esiabilizado en o fase
aistalina tetragonal. El zirconio es morfoldgicamenta unifoome, y por esio se
significa que al menos el 95 % del volumen del zirconio esta en la forma de
esfaras con un tamafio de particula menor a los 200 micrémetros. Las esforas
pueden ser aigo deformadas pero son identificables como esferas mas que como
formas aleaborias.

Al menos el 75 % de ias esferas son preferiblemente huecas. En una
incorporacion principal un zirconio estabiizado quimicamente uniforme es tratado
con calor a través de plasma fusién para obtener une forma substianciaimente
esfarcidal. Preferiblemente, el Zirconio estabiizado contiene menos del 1.0 % en
peso de zirconio monodinico.

En un aspecto principal, la presente invencién esta dirigida a un compuesto termo
rociable constituido por esferas huecas de zirconio estebiizado do yliria. Las
particulas esléricas con un tamafio de perticula menor a los 200 micrdmetros,



7

/-’

donde el yiiia esta uniformemente incorporado dento del zirconio por
elecirofusion antes de la formacion de las particulas huecas. Prefariblemente, el
Zirconio contiene menos del 2% en peso de zirconio monociinico. Las esferas
huecas son preferiblomente formadas por plasma fusién.

En todavia otro especto, la invencién presente esta dirigida a un proceso para
producir poivo cerémico de forma esferoidal que comprende los pasos de: proveer
un zirconio esiabilizado quimicamente uniforme y @l tratamienio por calor del
Zirconio para formar substanciaimente esferas huecas en consecuencia de
comprende zirconio estabilizado en ia fase cristalina tetragonal, que contisne
mencs del 2 % en peso de zirconio monodinico. El zirconio estabiizado esta
preferiblements preparado por electrofusion del zirconio y un coddo estabilizante.
Preferiblements, el tratamiento por calor ocume en una pistola de rociado (spray)
de plasma o en una pistola de rociado de Bama. El proceso puede incluir ademés
el paso de desmenuzar el material cerdmico estabilizado antes del tralamiento por
calor.

En todavia otro aspecto, la presente invencién esta dirigida al proceso de
preparar un recubrimiento de poivo termo rociable, que comprende los siguienies
pasos. proveer una aimentacion de zirconio donde al menos &l 96 % en paso
este estabiizado en una fase cristalina tetragonal; y plassma fusitn de ia
alimentacién de zirconio para formar esferas huecas e perir do 4l
Preferiblements, el zirconio estabilizado es formado por elecrofusion.

La invencién también comprende un proceso de apiicaciin de un recubrimiento
térmico a un sustrato el cual comprende. recubrir por termo rociado el sustrato
utilizando un compuesto rociable constituido por zirconio, del cual al menos et 90
% esia esitabiizado en la fooma fetragonal y tiene substanciaimenie iuna
morfologia esférica uniforme con tamafios de particulas mas pequefios que 200 y
preferiblemente menores a 100 micrdmelros. Al referirse a los tamefios de
particulas, se entiende que la referencia es al volumen del tamafio promedio de
las particulas a menos que ofra forma sea aparente del contexdo.
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Las Figuras 1 a 4 son lineas de barridos de elementos de particulas sinterizadas
de polvos de zirconio estabifizados comerciaiments disponibles.

La Figura 5 es una linea de barido de elementos de particulas esfervidales y
huecas de zirconio hechas con la presents invencién.

DESCRIPCION DETALLADA DE LA INCORPORACION PREFERIDA

La presente invencitn esta dirigida & un polvo de zirconio termo rociable con una
composicién quimica y morfologia muy uniforme. El polvo cerémico termo rociable
tiene preforenciaiments una forma esférica y aiin mes, las perticules esferoidales
son substancialmente huecas, asl que ias particulas se deriten mas répidaments
formando asi o recubrimientos densos o recubrimienios con porosidad uniforme
dependiendo de Ias condiciones de rociado. En una incorporacidn muy preferida,
el polvo de zirconio termo rociable de la presente invencién comprende al menos
80 % de volumen de zirconio, y el zirconio esta al menos en el 96 % en peso
ostabiizado en la forma telragonal por un oddo estabilizante. Mas
preferiblemente, el Zirconio esta al menos en el 98 % en peso estabifizado en la
forma tetragonal, y mas preferibloments, al menos el 99 % en peso estabilizado en
la forma tetragonal.

La provisién de zirconio utiizada para la presents invencién es estabilizada con un
dido estabiizante tal como, pero no fimilado a, yiiria, caicia, ceria, hafnia,
magnesia, un cxido de metales de tiemas raras y combinaciones de estos. Para
alcanzar un alta uniformidad quimica en la alimentacién de zirconio estabilizado, 6l
oxido estabilizante es electrofusionado con el zirconio. La cantidad de axido
estabilizante usado puade variar dependiendo de los resultados deseados. Una
cantidad suficiente de axddo estabilizante es una cantidad que substancialmente
estabiliza el Zirconio en ia fase cristalina tetragonal. El awido estebilizante esté
dessablements completaments reaccionado e incorporado dentro de a estruciura
cristalina del zirconio, asi que los andlisis de rayos X no pueden deteciar
cantidades significativas ( no mas del 4%) de zirconio monoclinico. La cantidad del
wddo estabifizante presents puede ser hasta el 10 % en peso pero algunos
estabiizadores son efectivos a niveles més bejos. Por ejemplo, en el caso de
Zirconio estabilizado uiilizando ytiria, una cantidad efectiva puede ser cerca de 1
% pero puede ser tan alta como 20 % en peso, para magnesia, de 2 % a cerca del
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20% en peso es efectiva; para calcia de cerca de 3 % a cerca de 5 % en peso
puede ser usada, y para un axido de metales de tiermas raras cerca de 1% af 60%
en peso. Una mezcia de ¢uddos estabilizantes pueden ser usados.

El &dido estabilizante, preferiblements yitria, es arco fusionado con el zirconio en
un rango de temperatura de 2750° C a cerca de 2950° C , asi que los
componentes estin completamente desretidos y, puesto que esio estd por encima
de la temperatura de transicitn, Ia totalidad del zirconio estf substanciaiments en
la fase cristalina tetragonal. Una vez enfriado a temperatura ambients, e! oxido
esiahiizante mantiene el estado tetragonal ain por debajo ia temperatira normal
de fransicin. Para incrementar este efecto, el maierial demefido es
preferiblements enfriado riipidaments con agua o aire asi que al flujo demretido es
transformado en un fiujo de golas y enfriado para obtener pesticulas finas de
Zirconio estabilizado con una composicién quimica muy homogénea. Un método
de apagar el zirconio demetido vy el oxido estabiizante, donde la rdpida
solidificacion tiende a estabilizar la forma tetragonal del zirconio , es desamoliado
en la patente US No 5,651,925 cuya integrafidad es incorporada aqui por
referencia. Preferiblements, las finas particulas resultantes de zirconio estabifizado
son trituradas ain mas. Tipicaments, las particulas finas son molidas a un tamafio
de mencs de carca de 5 micrones, preferiblemente de 2 micrones y mas
prefesiblemente a cerca de 0.5 micrones. Las finas perticulas de zirconio
estabilizado son luego preferiblements saecadas por rociado y recolectadas como
particulas agiomeradas. Aunque el paso de aglomeracion no es esencial a la
préctica de la invencién, si proporciona un tamafio mas utiizsbie para adicionsles
tratamientos por calor del Zirconio establiizado como se discute abajo.

Las particulas agiomeradas son ademéis tratadas por calor para formar
esenciaimenie esleras huecas con una morfologia uniforme. Una forma
particularmente preferida de tratamiento por calor €8 un proceso de plasma fusion
donde las particulas son demetides en una lama de plasma y recolectadas como
un polvo fino con una alio nivel de uniformided quimica y morfoldgica
Substanciaiments, las esferas huecas de zirconio estebiizado que se forman
contienen preferiblemente menos del 4 % en peso y mas preferiblemente menos
del 2 % en peso y io mas preferible menos del 1 % en peso de zirconio
monodinico.
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Preferiblements, las substancialmente esferas huecas tienen un tamafio de
pasticula menor de 200 micrones, mas preferiblemente menor de 100 micrones y
lo mas prefarible, menor de 75 micrones.

Inesperadaments, las substanciaimenis esferas huecas de ia alimentacién de
Zirconio estabilizado fienen un alio nivel de uniformidad quimica y morfolgica
donde el zirconio en al menos el 96 % en peso esta estabiizado en la fase
cristaling tetragonal, y mas preferiblements en al menos el 88% y fa mas preferible
en al menos en el 99%. Asi, los poivos esfercidsles termo rociables de la
presenta invencitn forman recubrimientos mas estables y dursbies debido al alto
nivel de uniformidad quimica debida a ia electrofusién del zirconio y los &ddos
eslabiizantes que esiabiizan subsianciaiments el zirconio. Las particulas
esfarcidales del zirconio estabiiizado se deniten mas inmediatamentie por la
marfologia de esfera hueca y la reaccitn completa del estshiizador con el
Zirconio. Los reculvimiento rociados tienen una densidad muy predecible de aita
densidad a porosidad controlada depondiendo de las condiciones de spray.

Para obtener recubrimienios termo rociables durasbles de zirconio, una
estabilizacién uniforme de la fase cristalina tetragonal del zirconio es crucial. Ha
sido mostrado que en comparaciin con polvos de zirconio esisbilizados con ytiria
disponible comerciaiments, el polvo de zirconio de forma esfercidal de la presents
invencibn muastra un incorporacidn substancial del yiria dentro del zirconio. La
Tabla | fusira un ejemplo de un poivo de zirconio de la presente invencién en
comparacién con polvos de zirconio estabilizados disponibles comerciaiments en
relacidn con el porcentaje en volumen de cada fase cristalina a fravés de datos de
difraccién de rayos-X ((RD)

Jabial
Ex. Tet"ZrO; Mono.ZrO, Y20,
(vol. %) (vol. %) (vol. %)
PF 100 0.0 --
PX 88.3 1.7 -
ST 98.9 1.1 --
M1 95.6 44 --
M2 89.4 108 --
* Incluye zirconio clibico y tetragonal

PF= Poivo de zirconio de la presents invencién

J



PX= PRAXAIR ZRO™ disponible de Praxak, Inc., Danbury Connecticut

ST= STARK YZ disponible de H.C Stara GMBH.

M1=METCO 204NS-G disponible de Suizer Meico, The Coaling Co. Westbury, NY.
M2= METCO 204 disponible de Sutzer Meico.

Aunque la concentracién de yitria no fue detectada por ia difraccién de reyos X

( XRD) en todas las muestras, es la conceniracitn de zirconio monoclinico la que
determina si el zirconio ha sido substanciaimente estabiizado en la fase cristalina
tetragonal. Lineas de bamido elementsles de las particulas de los ejemplos PX,
ST, M1 y M2 son mostrados en ias Figuras 1 a 4 para determiner la composicién
de las particulas. En la Figura 1, Ia linea de barvido linea elementsl, borde a borde,
de una particula bien sinterizada del ejemploc PX muestra que la particula
analizada no tenia una composicién uniforme dada ia linea no derecha que
represeria el yttrium. En consecuencia, aunque al XRD no detectd yitium, ia Enea
de bamido elemental muesira que el yitria no se co-fusiono completaments con el
zirconio, y como tal, el compuesto no suficientements quimicements uniforme. El
pico en la linea de silicon atestigua ademés que la particula no es ni quimica, ni
morfoldgicamente uniforme. En ia Figura 2, |a linea de barrido elemental de una
bien sinterizada particla del sjemplo ST, borde a borde, también muestra
variacidn en la concentracin de ytirium, y asl, la particula no es quimicamente
uniforme. En la Figura 3, ia linea de bamido elemental de una bien sinterizada
particula del gempio M1, una vez mas muestra variaciones en la conceniracién de
yttrium, y asl, la particula no es quimicaments uniforme. En ia Figura 4, la finea de
basrido elementsal de una bien sinterizada particula del ejemplo M1, una vez mas
muestra variaciones en la concentracion de yitrium, y asi, la particula no es
quimicaments uniforme .

Por electiofusion del oxido estabiizante, yitia, con e zirconio, el Zzirconio
estabilizado es relativamente uniforme en composicin. El fralamiento de calor
adicional, tal como plasma fusién, provee la uniformided morfoldgica de las
substanciaimente esferas huecas. La inesperada uniformidad quimica y
morfoldgica s claramente dusirada en la linea de basrido elemental mosirada en
la Figura § de una esfera huaca del ejompio PF. La substanciaimente derecha
linea de yirium iusira que un completo demetido y una re-solidificacion ha
ocurrido para oblener una esfera quimicaments uniforme. También, las linsas
substanciaimenie planas de silicon y hiemo dustran ia morfologia uniforme de las
esferas.
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En consecuencia, aunque los polvos de zirconio estebilizado comercialments
dispanibles parecen ser similares en su apariencia, el polvo de zirconio de forma
esferoidal de Ia presente invenciin proves una particuls quimica Yy
morfoiégicamente mas uniforme para aplicaciones de termo rociado. La
uniformidad quimica y morfolfgica a su tumo produce recubrimientos témicos de
excepcional durabiidad.

Otras variaciones y modificaciones de la invencién basica pueden ser concebidas
sin apartarse do los conceptos descritos airds. Se pretende que todos esas
variaciones y modificaciones sean incluidas en un interpretacion amplia de esta

A
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REIVINDICACIONES

1. Polvo de Zirconio paa termo rociado comprendiendo un Zirconio
estabiizado quimicamente uniforme, donde el zirconio en al menos el 98
% en peso esti estabilizado en Ia fase cristalina tetragonal, dicho polvo
asth en la foma de perticulas esfiricas substancialmente, teniendo un
tamafio de particula de menos de 200 micrémetros y la mayorfa de las
pasticulas mencionadas son huecas.

2 E poivo de zirconio de la reivindicacion 1 donde las particulas huecas
mencionadas tienen tamafios de particula de menoe de 100 micrones.

3. E polvo de zZirconio de la reivindicacion 1 donde el zirconio es
estabilizado con un oxido seleccionado del grupo conslituido de yitria,
magnesia, calcia, ceria, hafnia y Guidos de tiermas raras y combinaciones
de estos.

4. E polvo de zirconio de la reivindicacién 1 el cual contiene menos del 1%
an peso de zirconio monodlinico.

3. Un proceso para la produccién un polvo de termo rociado quimicaments

a. Blachofusion del zirconio con hasta el 60% en peso de un mddo
efectivo para estabilizar el zirconio en su fase tetragonal.

b. Apagado el zrconic esiabilizado electrofusionado para oblener
Zirconio estabiiizado particulado con al menos el 96 % de Zirconio en
la fase totragonal.;

¢ Tratamiento con calor del zirconio esisbhiizado para formar
substanciaimente particulas esféricas huecas de Zirconio
estabilizado con tamafios de particules de 200 micrémelros o menos.

6. Un proceso de acuerdo a la reivindicacién 5 en el cual el zirconio es
estabiirado en la forma tetragonal usando hasia el 60% en peso de un
axido estabilizante seleccionado de un grupo consistenta de ytiria, dddos
de metaies de tierras raras, cddo de caicio y axddo de magnesio.
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7. Un proceso de acuerdo con la reivindicacion 5 en la cual el cxido
estabilizante es ytiria en una cantidad de 1 al 25 % en paso.

8. Un proceso de acuerdo con la neivindicacidn 5 en el cual el zirconio
esiabiizado apagado esti al menos el 98 % en fase tetragonal.

9. Un proceso de acuerdo con la reivindicaciin 5 en la cual el zirconio
estabiizado particilado es plesma rociado para obiener
substanciaimente particulas esféricas, Ia mayoria de las cuales son
huecas y con tamafios por debejo de los 100 micrémetros.

Traducido Por: Guillanmo Angel Reyes IC MSc
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19 January 2005 PATENT
THE INTERNATIONAL BUREAU OF WIPO

In re Application of SAINT-GOBAIN CERAMICS & PLASTICS INC
Senal no PCT/US03/24541

Filed August 04 2003

For PLASMA SPHEROIDIZED CERAMIC POWDER
Docket NOR A-3363PC

REQUEST FOR CHANGE IN INVENTOR'S
ADDRESS ACCORDING TO RULE 92 **

Dear Sir

The Applicant respectfully requests that the Intemational Bureau of WIPO enter the
following necessary correchon to the address of the Inventor namely the Inventor Howard
Wallar's address should be 12 Jaimie Ann Drive, Rutiand MA 01543, US ' instead of 12
Tucker Street Worcester MA 01606, US "

It 1s the understanding of the Applicant that the above requested comection(s) is to be
made under Rule 92 * without submission of any further documentation In the event that the
Applicant's understanding Is incorrect or If further documentation Is required please advise the
undersigned as soon as possible In the event that there are any fee deficiencles or addiional
fees are payable please iImmediately contact the undersigned

In the event that there are any fee deficiencies or additional fees are payable please

charge the same or credit any overpayment to our Deposit Account (Account No 04-0213)

itted
Michael J }d? o 32 018

Customer No 0202

Davis &Bujold PLLC

Fourth Floor

500 North Commercial Street
Manchester NH 03101 1151
Telephone 603-824-8220

Facsimie 6803-624-8229

E mail pateni@davisandbujold com

Respectfully s

CERTIFICATE OF TRANSMISSION
| hereby certify that this correspondence Is belng fransmitted via facsimile to The
Intemational Bureau of WIPO on nua

Michael J. Bujold
Type name of person signing certificate
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Industria y Comercio
SUPERINTENDENCIA

2020 | 26

Bogota, D.C.,

Doctor: Oficio N° 1 2979
EMILIO FERRERO oo e
Apoderado

SAINT-GOBAIN CERAMICS & PLASTICS, INC.

ASUNTO: Radicacién N° 05-11645
Solicitud intemacional PCT/US2003/024541
Fecha inicio fase nacional 14/03/2005
Tramite 011
Evento 379
Actuacion 430
Folios 001

Como resultado del axamen de forma, realizado con fundamento en el articulo 38
de la Decisiébn 486 de la Comisién de la Comunidad Andina, articulo 27 del
Tratado de Cooperacibn en Materia de Patentes (PCT), regla 51 bis del
Reglamento y Circular Unica de la Superintendencia de industria y Comercio, se le
comunica que:

B La solicitud no contiene la copia del documento en que consta la cesién del
derecho a la patente del inventor al solicitante 0 a su causante. (Art. 26k)
Decision 4886).

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerara abandonada y perdera su prelacion.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capltulo quinto del titulo primero de ia Circular Unica N° 10 de 2001.

ALIX CARME CESPEDES DE VERGEL
Jofe de la Divigidon de Nuevas Creaciones.

El ante requerimiento fue notificado por fijacibn en lista de
fecha, 43 AR 2005
202030
Cavara 18 No. 2700 P 3y 10
Canntstador 358 12 21-2-3-4
Fast 281 31 25 eyl

Santa Fe de Bogotd D.C. - Colomnia






