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TI - Effects of spray byrolysig¢ conditions on tha character of yhtria-pa
| stabilized zirconia powders
DT - fournmal
IN - Yano, Toyohiko; Nanaka, Kazuhiro; Saito, Katsuichi; Otsuka, Nozomu
C& - Res. Lab. Nucl. React., Tokyo Inst. “Pechnol., Tokyo, 152, Japan
80 - Yogyo Kyckaishi (1%8%), 9S5{1}, 111-1i6
CODEN: YGEESA4; FSSN: D372-7718
PY - 1487
AB - Fine ¥203-partially stabilized Zr02 powders were prepd. by the
gpray-pyrolyvels merhod from a water:alec. soln. of Zx0O(NO2)2.2H2D and
¥C12.6H20 corresponding to 2 mol% Y203, The affects of atomizing ai
| soln. flow rates, goln, copen. and reaction furnace temp, on powder
properties such as particle size, sp. surface area, crystallits size
eryst. phase of as-synthesized powders were examd. Th& powder crys
Eicw

. ' phape was tatmgona;,__.g.g%g.: . 2 .4-.0_3 mol% Y203.. Thé Par :
‘ 0.2-5 .mu.m ampthe partitles were agglomerates of fine gtellitas;
: Le5-210 ANG. in size. The powder consisted Of DUYISwW cal or

lathlike particles with a sp. surface area of 3-11 m2/g. The zaglcm

- sire decrsased with increasing atomizing air-flow rate, but the pyro

wag independent of the rate. Wwith increasing soln. rate, the agglom

| size incressed, but this size was not sensitive to increasing soln.

| In both cases, the pyrolysis of the salts was incompleta. A pimilar
phenomenorn was obed. in Low-temp. powder prepn.




sefo €200% 30727

Dnoelal, J&

o UEENT
40 AR L 1
a3
Tama & 3om

F—Hdrg T
ehey THING &
¥ et
LTk Lo,

v T AR AT,
FTRN, W

3 ¥ H Rk,
v ERT

® Ferwm, Coer,,

. 188-02 {1520),
w-Crmmon Meb |

Wk Bk 8
e HBE R
e M

53, 70734 1984).
d M, Shiraisk:,
1. AZB-%D.

TERMEREE

L
L 8, T l1em)
I
peS].

TEE, IR,
i #H 1 L5UE

MG (38

MRS 85 (4] peF 1N

1y U FPHAREAVILIZTORFERICRET
WAL REGOTE

REBE-Fh— - ol g
RRTEAT F T4
* BT
~ REURT R L
RETAAY YEE ARENTS

AP 512-419-7159

rEr AT

Effects of Spray Pymlysis Conditions on Chartacter of
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vol. ratig) 2o0ln. of ze0(N03)2 mnd Ca(N03;2 at $50-1150.degrae. gave

cubic-2ro2 so0lid scln. (15 and 20 mol % Cadl or tetragonal-Zr02 solid

soln. {10 mol % CaQ). The powders comsistéd of hollew particles or £l
{3=5 .mu,). The ginterability of the 15 mol% Cal powdersg had a max. a
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Sinterability of Calcia-stabilized Zirconia Pawders Preparad
by Stray-pyrolysis Tachnlgie

Ale Kare®, Keichi Nrcea*® and Yoghthivo Hipara®**

Daparisient of Agdlied Chomdfsiry, Faculfe of Engintering, Epuihu
Unizersity : Hakozaoki, Higashi-kv, Fukwehe-shé 817 Japan
* Pegwgnd adiress s Nigpar Sokan, Lid, Kelidn FWorke | Exrasabi=ky,
Tanpsakd-ghi A10 fupas
WEF Doocent agifresa : Deportwment of Applied Chamistey, Facnliy of
Enginerréng, Kegoshima Univarsity ; Kordmovo, Kegostima-ihi
890 Jahon

Prepration of cafois-atebilized #lregnin powdess by #hray-pyrolysis teabninue and their sin-
tarabilitles were {nvestigated, The sprey-pyrolysis of ethaagl-water {2:1 in vol.) =solution of -
ZeOUNG), and CalO0D, 2t 550~1180°C gave cubie-ZxOh, (Cal 1 16, 20m0ld5) or tetraganel-
Zr0en (Cal s 10mal25). The powdszy consisted of hollow or flake perticles (I~3 ey, Tha
sintorsbility of 15 molds Cal powders showed a moximum at the spray-pFmolysis temparatuze
of azound 1080FC and tended to Indraase with an increase ic the concentation of sprey seletian.
The powders pespaxed by prrolysis of the solutits mith [Ca™{-ZrOAt1 >0 55 maolll ap 1050°C
gave sinteted bodies with celative densitics abeve 902 hy fring at 1600°C Eor 2h.
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Rapidly solidified neodymia-stabilised zirconia coatings prepared
by DC plasma spraying
K.A. EKher %, J. Yang
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Abrtrest

Srabilisation of the phassz in Zizconis alleys s pivetal in their applicitions as advancad sirwcturel ceramics Steass-ndnesd
teansfomation tonghening 5 dependent on 1he ¢haracioristics of the metastable terragosal zirconia phase, Rare-carch oxides ape
kaown 1o fabiliss U cubie and telrspanal phases. ‘This paper presents the preperatlon of neodymia-stabilised Hreenia powdors
and their corings by plasma, gpraying. The amount of neodymis rengsd from 2 mol% to 10 mol.%, The fesdstotk for platma-
spraved coglings wes prepared by @ combinntion of mechanical milling and thermal plasma mely and solidification Prétesmes,
Phast analysis of the plesma rapidly solidified powders and plesma-sprayed coatings vas delormiood (hrough Xerpy aifraciiom
{XRD. Resvlts sheve tha the phuges in the plasma-aprayed contings have betier stability Than the plazmassphecoldised pewders,
and demonstraies the efficacy of “deuble meling” m achieving enforced salid solution of the tetrugonal phess and chemicn)
homagenary in (he rapidly solidified sasetial, The tetragonal phase is stabilised when 2 10 7 mol % neodyinda is added, There is
evidence (hac suggests che Armeton of #n enforoad solid soluian of the wiragomal phase in the Lomposiliopn) rapge 4-7 mol 5
Nd;0;. This extended sold setvtion scries was Tound te be rarhtr unsithle upor beatlig aud the (= (ranaformation was
absered during coaling, Trapsformation to (he oubic phass occurred after heat treatmest ar 1400°C for 104, Huowever, at
2 mol % and 10 mol.% neodymis (as-sprayed coalings] the cubie phise 15 stabifised, Beal treavment at fugh temperziore (465 50}
showed that Lherw tould be some amounts of the no-iransformable ¢ phase. The amovnt of monoefini® Phase n the coatlngs is
lower than in the feedsioek powder, sugeesitap that further slabilisation of e teiragonal phase (Which reflected better ¢hermicel
homageneity) is achievable with plasma-spray deposivion. € 1997 Elssvler Science S.A.

Keywords: Flauma speays Micrantronture; Tharmel barrier eostinge (TBC); Partially stabiliped zirconia; Firootia; Mebdymia:
Rare-earth exides; Phuse iransformation; Heal iredtment; Powder;: Idechaniea] milllag, X-ray diffracrlon; Zr0,-29d, 0,

e

WK,

L

&

1. Intrpduction as Cal, Ma0, Ce0, and Y,0); are added to zircania to

prevent catastrophic eracking from the volune changes
that accompany the tetragonal-to-monoelinic (r—m)
transiotmacion. However, Zirconia fully stabilised with
ether Ca0 or MeO has beeg shown 1o ba destabilised
o thermal eyeling abowve 1000°C {13151 ¥,D.
stabilised sirctinia s stabilised rpwards the melting tem-

Zirconda (Z:0,) based weramics are of technological
importance as advanced structurel ceramics becavse &f
their snhanced Mrature toughness compared wilh silicop
carbide (S0} and pluminium owide (ALD: [1-3).
Conatings of zirconia alioys zre utilised in high-tempse-

atare enviromwments as thermal barrier noatings {TBC)
10 counter hestile operating environmets and boost
energy cfficiency 1o engines [4-7]. Several tschnigues
mgve heett trrployed (o depastt Zircoma-based costings,
these include elecirochemical deposition, radio fe-
quency fon plating, sol-gei, reagiive-ion implamiation
and plasma spraying [8-12}. Tlhie plasmesspray tech.
nique has the advaniage of economy abd effitiepcy in
the depositian of the TRC. Cubic plase srabilisers such

= Cacreypooding quihon

PRETEYTIANRIT O D BT B hebtan Salar s § & A1 rletie s

perature but d also ancounters the problem of desabili-
satipn when it i artacked by the mineral congtitients in
fuel oil [16].

The siress-inducsd transformation of the metastable
teiragonal zireonin into the monocljpic phase is funda-
mental to the Wgh roughness of partially stabilised
zirconias (PSZ) that nas mede this ceramie an important
material in many rechnological flelds [17-19]. The phase
stasility af the tetagonal {t} phase it infipenced by 2
teries of factors such ag type of stabiliser, the concen.
tration of the etabiliser, grain sk and orhers (20
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Curreat slabifisars of commerciat zirconia are Mgl
a0, YWy and Cel. [21,22). Thers is, however, jgtercsl
fo tie farmarion af meidssabls &£l pliase in addnon
 the stabile cub prase.

The Zr0p-Nd,Q; phase diagram  presented Ly
Yoshimuta el a), 15 similar 1o thoss of other rare-carth
oxide/zirconia sysiems produced by rapid solidification
(Fig. 1{a} (23]}, Hawever, Andrevikaya and Lopato
proposes 4 1ally difirent phase diagram and supgested
thitt & pyrochiors siygetuse ( Ze N 0 i formed instead
of 1he Aparise slruciure. The pyroclilore-ivpe phages are
ieng-ranpesordered  phasas [24). Recent studies ot
ruprdly solidibed Zr0,=Y 00 apd rare-terih-axide-stabi-
lised zircotiia sysiems by 8 hammet and apvil appararus
sugpest that, by the formation of 4 v phase, it is pon-
transfotinalsic [Z5-27]. There are ajso differences 1o 1he
eouyisilicn of 1hp phases ot variouws additions af
Nyt These are gtwibuted 10 the preparation tech-
nigiaes. annenling e and plase identificytion for dater-
mimng  the detraponnl ond cuble phases The
deterstiveation of e 2amoumt of cuble and ragonal
phases b5 merne dscurale when the 1460} pegks are
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Fig | Phaue diaprame of 1he Zr0 =M ) syaen baded on previols
wock: (af after Yoshimusa e4 a6 [29); (b} afer Andreisvkava zad
Lapale [24).

Koaopden T Vep Swepoe 005 s T Shesih B0 SRR 12500

employed- as i ihe euse of Yaehima e: al, [26,27],
ingeeed of 1he t{200) neaks,

In the preséit favesiigation we atlemipr t0 (B neo-
dyiniasstabilised Fucania coalings by plasma spraying.
This approach enzbles rapid selidifieation rates of
~ (0% K 577, The feedstotk is peepared by a combinarioy
of mechanigat milling and plasina spheroidisation that
yields rapidly solidified smicrostructares and aqhapced
chermieal homogeneity. hMechunical milling {MM) 8 »
Ligh-energy ball-mailling process where the particles ave
subjesied Lo cepeated mpast whish resulis in eominuous
fragmentation-remixiag svcles [28]. Processing parames-
ters of MM include the chirzes-to-batl-weigh ralis,
milling specd, ball and bow! materisl, milkng amne-
sphare and mitling time. The ball-powdesmball goltisitng
madily the pewdsr by brmging the constitvents ialy
intirmale comeact, fomming cold welds azd building up
leyered powder particles consistiog of varions combing.
tivys of the emarting clements [29]. MM bas been
empioyed in the praduckion of oxide-dispersed-strength-
ened fODS) alloys, the syntheais of several intemiet.
allics, the preparation of nanocrystabine miaterfals ang
metal maliix composite systems und even for the forma-
tiog of coadings in rocogt years [W-32) Revmstly, 5
series of cubie solid solution of Ziggonia stablised with
MaG, GRO and Y0y was achieved by mechanies]
milting [33], The presant study utilised the mechanfeal
miflfng process to prepare & unifornlly mix#d powder
mixture of ziresniz and neodymia for plasma spheroidi-
sation. The plasma spherpidised powder was charactar-
ised and subsequently [ed into a DEC plasma vorch as
feedstork 1o produce & Jayer of coating,

2. Exporimental methods and matercafs

The staring materigly ame pure zircomia, Zr0,
£9% 05, Cerae, USAY, and pure meedyimia, N0,
€80 0, Cerao, USA) Thase powders have 5% avilags
particle size of ~2om as detrrmingd with 2 laser
pariicie-size anelyser. The properties of the raw powderg
are shown i Table 1. The neodymis—2ireonid ceramics

Table ]
Chrmical analyss of raw Zrl; and N, powders
Powder Purily Impyrtiies Pooritle siag
Kirdomia
85 .00
Fe Q0L
i 02%
Ti .03%
fmﬂfﬂsa 93.8% Ny =08{% 223 pro (Figher sizg
!
' Mg <0015
m <04I%
¥ LI EA
Yb =000 5%




SEF. 6. 2009

3:20M L¥APH 5°2-439-1193

Foai B T

ceplsined 2 19 16 malS neodvmia, Purs gicognis
managiinic wirl e brddelayite structgre 4nd e ped-
dyinia is cubic, The powders were mechanically milled
wm the P-5 planetacy miil {Frtsch GonH, Germany) in
@ zZirogmia ot with elvconty Galls Cable 2 lists the
mechanical milling parameters, The milled powders were
analysed by means of an X-ry difftaciamerss (Phitips
MPD 1880} and a scanning eleciron misrostope (SEM)
enabled observerion of the suriace structure of the
powdzis and coaiings. The nesuits show thar 2 milling
speed of 200 revmin™" was suitable for the mixing
prucess, Considerable amaount of wear on the balls
taok place when & milling speed of 300 rev min ™! was
employed. Fig. 2 shows an SEM micropraph of ts-milled
adrconfe-neodymia powders aad Flp 3 shows the
amoums of lelmgonal and meneclinic phases in the
powders with sespect 1o the milling duration.

A A0KW thermal plasma-gpray systemn  (Miller
‘[termal, Wiscongin, USA) was used 1o melt and spher-
oidise the milled howsers. Tabie 3 [ists the plasma spray
paramelers. Henl treatment st 1200 °C and 1400 =0 for
10 I was perfarmed on the plasma-spheroidised powders

Tabie 1

hlecharen! milling proaouciers

Mechaglast mill 1ppe FManeeaey oull {Frivch F-5)
Eowl marcmn] Failinily stbifsed 1ot

Rall matedal Yoma-stabillsed TEP [istragounl

Brconia polychrstals)
M ez min 7, 300 rev min
Aaubieni
1=AB I

wlilling speed
Witling aunesphere
Milliog durtion

Fiy, 1. BEM glbasrvation of as-milld reonia-neodymia poweders.

Yene Sertaes aad Coatier

KO 0381 R 1%

L T R T 35
L ascersain Lhe plhidse s1aDility Tae Philis MHD 1830
analylical XRD sysiem was uged for phise sharactzrisos
oo, The phase analysiy was periormed using Miditerad
Cu K, radigtion at 45 &V and 30 mA. The 24 range from
207 1o 80" was covered 21 2 contpnous scan speed of
(.17 min~1, The presence of the cubic phase and tetra-
ponal pivase is canfirmed by XRD by using {400} and
(G04) peaks. The amount &f meonoclinic phase was
calctfated aeeording (o e equacion [347];

(1D LT R ALY

where L,(111) is the inteprated intensity area of the
{111) peak of monochinic phase, £, {111} s Jhe intzgrated
intensity ared ol the (111} poak ol the Mopociinie phise
and {1117 b the intepeared intansiny areg of the (1)
peuk of the teiragonal phase. The volume fraction of
the menaclinic phase, . was calevizred by [34];

LIk,
(140300,

Scanning eleelron microseony (Cambridge 5340) was
used to avalute the surfacs morphologies of coakings
and powders.

i

{1

(2}

3 Results gof discscion
3.1, Plasma-spherofifised ZrQNdy Oy powders

The powders were initially mechapicallp miled for
2L This milling duratior. was based on the results



STPR 2005 LIGPH LNAPW B12-435-7748 no.9381 B 16
6 Kook Eonwe, 7 Yany ! Seteipoe and CeAfings™ 5 Sinieyy BT R0 FRREIT
25000 ——
|
20.00% {oe e r'
__._._...__1
18.00% \k — —— )

10,008 |

8.00%

0.00%

Woiwrne Percentage of Monoclinkc
Zlrcarnia

1-Hr Ba Milling

2t Bal Mling

4-Hr Balt blfng
Ball-mifing Time {hrs)

B-Hr Bail Mg

Fig. 3, Ameum of mopgelicic phsse in 4 mol.% nsodynain powter a5 a fopcdsn of milling duratisn.

Takle 5

Plerma fpweying gnrmmetce

Primery gis [ presaurc); Aow rawe Argan (30 path; B2 gefn ™'

Auriliiry zas fpresmie]; Maw rais Eafigm €50 psils 36 sern ™t
* Powder fied rate pmin~t

Pawder injeclion Centre fitd-pos

Cethods fape Thonaed-rungaien,
slihsgnie mode

Bnwrder collection medivm Diisriiad watsr

An urrcng A

Are validse My

Zpray disthoce [0 mm

- —

ghtained in the phase aoelyeis of the spheroidEed paws
ders with respeet ta the milling durmation (Fig. 3). Fig. 4
shows the morphology of he plasma-spheroidised pow-
deys. The spheroidised powders ranged from ~3 pm to
Fpm. The particls size was détermined by o laget

particle-size analyser (Analysatic 23, Friweh Getmany
GmbH), Table 4 lists the X X;, X, and ¥, valuos of
Lhe powders afier pigsma spheroidisation, where X, mmd
M. 2rg the grmouats of cobic gvd tetragons! Zigosis,
respeciivoly. The as-sprayed Fr0;-Md, 0, powders with

Tabls 4 .
Physe cofeposinlon of plisma-gphergidised Zry-Ng;0y powdors

Sample T

Yo Y (W X (%
Ymot % Nd,0y as-spesyed 3644 BOG 4356 G2
Imol% MOy assproyed 1834 000 LM 2431
41m0l.9% N0y as-sprayed 9.7 000 o0ad 1446
T mol® Nd0) assprayesd LFo) L1 B 40
6 mol.8s Mdaf), assprayed B.52 e sL3k 13
T mel. % M,y ks prayed b.95 poe o3t .05
§ mel® M&0, usaprayed 186 %4 00 1ide
180 moh® WO ds-spryed 157 743 Gt 405

Fig, 4. SEM ohscrvation of plasmzspheridind Hreonla—epdymin HrwderE.
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Tt Tmol % Nd.Oy cotaise ol monasiie 2ind wirdgongt
poases and no cubie phase. The monoclinie phase
content of zirconia for each concenitaltion of o0, i
larger than that for the aame amoun of Er0y [35]) 1
agpears that the siabilisadon effect of Na,O, i5 nat as
eficacions as Lhat of erbia,

The as-spraved Ze0,-MNe,0, powders with 2 to
Tmol % Md,0, were composed ol maneclinic and tetra-
goval phises and no cubic phase. Some \2rapgona
Zr(; was traoslormed to thre oubic phase after hemt
treatmeni at 1800 *C for §Q h. The amount of monachinic
phase in fs-sprayed powders decreased sigifieantly as
the nendyrnin conceniration increased from 2 mol % to
3 mol. %, The as-spoayed ZrOof{4-7 mol. %) Nd, Gy pov-
ders mave =90% tctragonal phase, Subsequent heat
wsgtment (1200°C 2nd 1400 °C, i0h) of these neo-
dymia-stabikised powders revealed the 1—c phase trans-
formatian. At 1400°C, all the tetragonal phase had
irspsformtd 1o cnbic. No tetragena] phase was found
in the ns-sprayed ZrO.f8, 10 mol.% NdyQy powders,
instcad the powders consist of cubic phase
{~91-57 mol %) and very $mall amow of mongclinge
rhase (=8 mol %), Hear teeatment caused additional
cubic phase o form

3.2, Plasma-sproyed ZrQ Nty 05 coatings

The plrsma-sprayed ZrQ~Ndy0s coatings revealsd
good melung characteristies and the desired splat forma-
tiem npow impact (Fif 5. The fraciure surface of the
coaungs showed microstructures that are consisient with
the rapid solhdification process (Fig. 3. Some porosity

Erl= 0.0 K
0L |1

N, 036 P 1T

way ebsarved (b che polished erpss-szalions. Thest tub
bt impeoved with proper selaciicn of the powder site
range. There whs a significanc decraase in the arrount
of matiockinic phase m the plasnia-spraysd soslings.
The X, Xe X. and ¥, of assgprayed Zi0-Nd, 0,
coatings are ligted o Teble$ Tha as-sprayed
2r0,~-Nd,O, coatimps with 2 g0 7 mol.% Nd, 0y consist
af tciragonal and manoclinic phases and no cubic phass,
bm the amount of monoclinie phese was greauy reduced
compared with the spheroldised powders, as in the cass
of the Zr0-Er Oy syslem {35). The 3 and 10mol.%
N, 0,-stabilised Zirconia coatings have approximately
100% eubic phese. Thus, the phase relationship in
asssprayed Zr0-1d,( codtings hag 8 good agresment
with that i the Zr0.-Nd.0, binary syslem pheds
disgram at room tamperature proposed by Yoshimura
gt 2l [23]. Again, it i5 quite differam foom the
phase dizgmm &l Toom  temperature  sugacsied
ty Andrievskaya and Lopato [24]. However, like the
Z2rQ,-5ma05 systern [36], annealing cansed 4 significant
amount of tetragonal phase 1o wansform to menselinic
phase even for yalatively high content of N0, stabi-
liser, such as 3 1o 7 mol % M., Espeein]ly, annealing
of the § and M wel % Nd;0;-srabilised zireonia coatings
Bl [400°C fac 19h also induesd formation of largs
amounts of monoclinic phase. In the 4mol%
M, 0y-Zr(r; coating, the Intensity of the ({400} peak
was decreased and that of the peak at about 26=72.9°
was unchanged after anncaling at {206°C for 104k
Cubic phase might be formed at the expsnsc of weorn-
gogal phase and unfortuniely its peak vas probably
overjapped with the t{004) peak. Correspondingly, the

Fir. 5. Sorface of as-sprayed 2ireavia-4 met.% reodymiz coating,
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5 mal % WOy mesproyed 058 (L1 X 0.8
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T malds a0, at-rprayed V44 00 9956 234
Bmol® N3O, assprayed 070 330 690 1.2
10 mrah 6 WL goprayed D00 e oo 240
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neodymia content was decreased in some of the tetra-
ponal phase and addilional moneclinic phase was
[erro=d upon cooling 1o room temperature, The peaks
of wiragonal phaze dizappeared and both cubic and
monoclinic peaks cmerged in the XRO profile abovwe
1400 *C {Fig. 7). The volume percautege of monoclinic
phase was further increased {0 about 764,

In Zirconia conting with § mol.% teodyrmia, annealing
at 1200 *C seduceq e ineersity of the (4807 peak aod
the {400} peak appeared [ Fig. 8). Similac 1o the result
obeined in plasma-sprayed samaria-ziconia coatings
[36], amrealing a1 1400 °C promoted the diffusion of
Nd* and smused the origingl noodmis conteny of the
telragonal phast 1o segrepate o Two neodymid content
regitnes, the lower ang Ligher end. Put the ampint of
monoclinic phise formied after almezling was much
lurger than thal of the é wed. % samaria-zirconia coating,

The & apd {0mol% nesdymia-ricconia contings
demensirated similar patierns to the samaciz-zrconia
goalings in the XPD profiles afler annealing {Fig. 9).

{ 00y P
)
= LG4 1y Adeabod, Laier, 10 bt
§
E
IIIII e mm-;lluic Axinpilcd: MEFC, 19 b
'HJ.'I] -0 LR L HL-H 1L

Anplr I8

Fig. 7. XED profile af assprayed and heateirgaged Zrl~4mal.%
MNdy2 roaling.

Anopealing at 1200 °C induced some extent of Nd3*

difission in the coatings, formite teiragdnal phase
{lower neadymia content) and cubie phase wilh higher
neodymia econtent than that of onginal cubic phase
formed in the plastin-gpray progess. But the newly
formed tetragonal phase did pot fransfoph ibig mono-
¢linie phese upon eaoling because of the relatively bigher
seodpmiz conient than the level for 1ranaformaile eira-
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gonal phase, The Jiffusion of Nd*~ a1 1400 *C appeaved
{o be g0 substantial that the neodymin comient of he
tatragonal phase was sufficiently lowered and the teyra.
goual phuse tmasformed o monociinic  phags.
Therefore, the (400) peak disappeared from the XRD
pattery and mongelinic phase perventage increated
remarkably. Mepruliile, the gewdlymia comtent of the
rentaining cubic phase Wwas jnereased, thus resuliing in
a shift o the e{4010) peak to lower aogles. This indicaies
that decomposition of cubic phase sceurs when annea-
ling i perlorined ar §400°C, Therafore, 1 also shows
that the wiragonal + cubic deal-phase fieid at high tem-
peratire should be much wider than that proposed by
Yoshitnura et &, [23]. However, 1here iz no pyvochlore
structire was detected in tie snpealed Zr0,-Nd,0,
posdirs and cogrings i e present inves\igation. This
result is alse quite differene from that of Aadrievskaya
and Lupate [24]. They used samples prepared by sokid
soluticn sintering z 600, 1170, 1250 and 1430 *C lwid
for 2h, Nurpnece coofed, and found the exisience nf
pyrochlore structure even for refatively low NduO,
content suell a5 4 mob% Ndy3,. In dds study, pyro-
chlore sirmmture hay not been found even n the
10mol% Nd,Gjstabilised zirconia costing held at
1400 *C for 2 langer time (10K and furhace conlsd,
This may imply that the plarme-2prayed structure has
batrar ohermal stabillty.

By comparing the monodime phase ¢antenl of
Z105-5my0s  and  Zrd,-N&0, systems al e
as-spraved condlition and afier Bonesling. N seems that
the thernial siability of he ZrO-104,0, system is aven
paorer than that of Zr0-Sm,0, system.

G e3P 19

) y ois0)
[
{600
| Anneded, LR, 10 |y
L '

ofutd)
AnnEind: | 43075, 10 oy
! Meamidz] inde
L / i

L ——
. T4l 76.0

Angle 2cb

Inreany

Fig- 9. XRD profle of gesprayed and heat-treatsd Zrd. 10 mal.%
Wb 04 mgettg,

1.3 Lattice parartercrs

Fig. [¥ and Thble & shows 1he fattice parameters of
the teirageval wnd cuble phases in  ag-sprayed
2r0;-Nd:0, spheroidised powders and coatings &t
rogon lemperalure, Their [alijice paremeters vary coptin-
wously with the contenl of yeodymia, T ndlemes 1hat
zireonia and neodyinia formed a complets solid sojution
in the eompositional range studied.

Fig. 11 shows the tewsponalities of semplies fram
Wd,Qu-stakilised Zrd, spherofdised  powders  and
plasma coatings- The 1etragozality of #ircoun from 2
to 7 mol.% neodymia gave a fincar refationship with the
neodyrmia content:

fa (tetragnnality) = 1.019% = 0,0019 » (Nd,0, 1nol.%)

for plasma cortings
ciet freragnnality) = 1.0196 —0.0017 X { Nd,05 mal. %)

Tor gpligrgidized powdars.

The values of 10199 and 1.0196 are the tetraponalities
of 1he \etragonal Phasc for pere zireemia oblalied by
the extrapofacian ol the linear relatiomship for the
NdDy-stabiliged Zr0; plasma-sprayed coatngs and
sphercidised powders, respectively. The tetragomality
decreases with the Ne;Oy Postent. &nd then zbruptly
approaches The same vatue ag the cubic one {1.000) M
& mal.% MNd,0,
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Table &

The Luvice paramelerr of the weviepons) phase of purs Zircomis, o, dy, Cylte 1e8e 3" apd ey, Data are oblained by me cxirapolarion of 1he
Jinear refafionghips batween Lhe lattics parametcrs shd nendymia contani [rom 2 t¢ 7 mol. % i the spleroiilised powders avd plasma-sprayed coating:

femple 2 (B ¢ (rm} £oday (g j*? (nmy dee dom}
Neodymin spheraidided powders 05088 D51BS (LT 06,5118} 4l3 .
Mesdymin coaliaps 050455 051872 10196 05111 07341

3.4 Trangformabiliny of setragonal phase Fig 12. In the zirconia ecoating conteintnp 2mol%

. neodymid, 1 min crushing and prinding lad 19 an increase
The effect of grinding on the transformability of the  ofmonoclinic phase by abou( 28% from 35.4% to 63.5%,
tetrigonal phise in Zr0-Nd,0, coatings is shown iy then mo significant changs in monoelinic phase with
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lepger grinding time. The tienaclinie phase weus
Tcredsed from 15.6% ip 27.6% afier Smin rigorous
grinding, then saturaied 1o about 30% with prolonged
grinding time even 1o 50 min. Grinding did not trans
form the istragonal vhasge in the 4 5 and S mol%
NdaOy=stabilised Zr0; coatings. This implics that oaly
the non-tracsformabile teirasonal phase U is present 0
the 4, 5 and & mal % neadymiz-siabilited 2ireonia capt-
inge. The 2mol% neodymia-—zngoniz coating had
approXimately 48.56 mal.% (' phase and 3.07 mol% 1
phase, and the 3 mol.% neodymia-zireonia coatitty had
77.66 mal.% ¢ thase and 10.96 mol.% t phase,

&, Conclusions

The phas: relationships in 1he zirconia-neodymia
Binary oxide system were cradiged &y using plasme-

spheroidised powders and plasma-sprayed coatings. The
present results show thar “double melting™ with & DC
plasma flame helps 10 achieve enforced solid solution of
the tetragonal phase and chemical homogeneity in
rapidly solidified miaterials, thus eiving betiar stabilily
to the phases i plasma-sprayed coatings. Unlike the
zirconfa-erbix and givconla-semaria systenis, the tetra-
goaal phase in the soatings was stabilised up to 7 mol %
peodymia instead of Gmol%. Upon thermal beating
and céoling, the tetraponal phase was ngl stabls and
=t and 1= transformations took place, respectively.
Even in plagma-gprayed zirconie coatings with high
gonteny of neadymia, 4 large portion of the cubic phase
traniformed Intp ihe tetragonal phase when annealed at
1400 °C for 10h. A lerpe amount of mopedinke phase
was formed in the samples cogied from the high innes-
ling temperalvres. The present results show that Ng#+*
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Las the highest makilily o high lemperaure eompzred
with Sm?*"and B %) therefoes reselling in the lowest
thermal siability.

Surilar to the resells of zadier study on the ecbiawzt-
conia andg samania—rireonia binary systems, zireonis and
neodymin formed a solid solution sories thronghou 1he
eomposition range studisd {200 mol %), The changes
i tihe Jattict parametess of the teiragone] phase [a- and
¢-axis] ere linear, The wiragonalily of pure wirconiz was
ebiained by extrapolation, and the value was 1.9199 for
spheroidised povwders and 10196 for plasma-sprayed
eoaiings, Mo transformation of the (etragonal pliase 1o
ronoclnic phage ooeurred during grinding of the plasma
sprayed codtings with 4-§ mok.% neadymia. In the 2
and Imol % ncodyinid competilion, there is 48 55%
and 77.68% non-transformabie 1" phase, respectively,
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Abstract of JP 11335804 {A}

FROBLEM TO BE SOLVED: To provide a YSZ piasma spray coafing method to obtain YS2{yttria-
stabliized zirconia) spraved coating high In adhesive strength and bending strength, furthermeors 1ow in
# Yourms's madulig snd axcellent in thermal Impact resistance. SOLUTION: This plasma spray coaling
method o obiain ytiria-atahilized zircania sprayed coating is the one In whigh, on = base metal, raw
material powder is plasma-sprayed, which is obtained by mixing 5 te 20 vol. % yitria~ stabilized zirconla
pawder made o @ holiow sivapa which (g obid. by gas atomization inte ylna-stablized zirgonia
powdar which ia obtd. by meliing and pulverizing. Moreover, on 3 haze mets| ihe latter ytirig-stabilized
Zirconia powder is plasma-sprayed fo have a thigkness of 0.05 to 0.1 mm, and thereafter, the former
yitria-stabilized Zirconia powder is plasma-sprayed.
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISIGN DE NUEVAS CREACIONES

2020
Bogota, D. C., 24 de septiembre de 2009

Doctor
Emifio Ferrero
Representante Saint Gobaln Ceramics & Plastics, Inc,

ASUNTGC Radicacién 05-11645
Tramite ooz
Evento 001
Actuacion 430
Oficio oy ppon
Folios ap3 1ice

Patente de Invencion Patente de Modelo de Utilidad [

Via Nacional I::l
Via PCT (fase nacional) |&] Cap.l [ ] Cap. 1l £ |
No. Sol, Internacional PCTUS2003/024541

Fecha de Presentacion internal. 4 de agosto de 2003

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de la
Deacisién 486 de la Comisidn de la Comunidad Andina, se le comunica:

1. Decumentos estudjados

1.1, Descripcion: Folios: 51 a58 tal como se radico inicialmente
Folios 98 a 109 tal como se meodificd el 9 de

septiembre de 2008
1.2. Reivindicaciones:  Folios 59 a 60 tal como se radico iniciaimente

Folios 110a 111 fal como se modificd el 9 de
saptiembre de 2009

1.3. Cibujgs: Folios 61 a865 tal como se radicd inicialmente
1.4. Prioridad: Fecha 13 de agosto de 2002

Pais Estados Unidos

NOmero 10/217523

2. Modificaciones [Articuic 34 . 486 y Anl. 22 Tratado PCT)

Se aceptan fas modificaciones realizadas por el salicitante toda vez que no amplian el
objeto iniciai de 1a solicitud. :

Expedienta 05.11645 25 de septiembre da 2009



3. Objeto de la invencidn

» Titulo de la solicitud {folio 96} Polve Ceramico Globulizado con Plasma

e Las reivindicaciones 1 a8 de Ja solicitud en estudio se refieren a un polvo de
dioxido e zirconic que comprende didxido de zirconio estabilizado
quimicamente uniforme, en donde el didxido de zirconio estd estabifizado al
menos en un 98 % en peso en la fase cristaling tetragonal, dicho polvo astd en
fa forma de particulas esenciaimente esféricas, teniendo un tamafio de particula
de menos de 200 micrdmelros, & mearnas ef 75% de dichas particulas siento
huecas, '

= El anterior producto busca encontrar un zircopio estabilizado adecuado para
usar como recubrimienio contra fa abrasion.

+ lLa Clasificacion Internacional de Patentes (IPC) para esta solicitud es C 23 C
4/10.

4. Determinacién del Estado de 1a Técnica

+ Lafechaque se ha tenido en cuenta para determinar &l estade de ja técnica es 13
de agosto de 2002

Teniendo en cuenta Ja fecha indicada se realizé |la bisgueda en el estado de la
téchnica de documentos relacionados con la solicitud encontrandose los
siguientes documentos mas relevantes:

L]

o Fecha de
N DﬂilplmentD Titulo ! publicacién®
Effects of Spray pyralysis conditions on the
o1 Yogio Kyokaishi character of yitria-partial stabilized zirconia 1987
powdears
Sinterability of calcia-stabilized Zirconia
D2 Kata Akio powiers prepared by spray-pyrolysis 1983
— . schnigue
Rapidly solidifisd necdyma stabilized
D3 K. A Khor zirconhia coatings prepared by DC plasma 1997
Spraying
Stabilized zircenia and method for
[M_r LIS 2535526 roducing same 26.12 1550
Hollow sphere ceramic particles for
D05 US 4450154 sbradahle coatings 22.05,1984
Pre-alioyed stabiized zirconia powder
D6 WG 0245931 and Improved themmal barrier coating 13.08.2002

5. Analisis de patentabilidad (Articulo 14 D. 486)

Anexados los documentos pedidos al solicitante, esta oficina los estudié junto conos
examenes emitidos en fase internacional por la avtoridad de blsqueda intemacional
(opinidn escrita) y por fa auteridad de examen preliminar internacional. Al respecto esta
oficina esta de acuerde con los planteamientos esgrimidos en dichos informes.

Se evidencia que el documento D1 anticipa totalmente a la presente solicitud, toda vez
qus contiene tados los elementos que caracterizan al Zirconio d¢ la presente solicitud.
Lo mismo sucede con el documento D2. {Ver folios 33, 34, 46 y 47)

D3 enumera el método para producir el dxido de zirconic; no relaciona la electrofusion.

Sin embargo, las restantas etapas si estdn contempladas en la anterioridad. D4
enumera un proceso para estabilizar Oxide de zirconio, lo mismo que D5.

Expediente 05-11845 25 de saptiembre de 2009
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D6 relaciona un método para estabilizar oxido de zirconio con compueslos come fos
que se relacionan en la solicitud. Obsérvese gue los hasos son en esencia 10s mMiIsmos
sobre los que ser solicita proteccion.

Si bien D3, D4 y D5 no contemplan todas las etapas,'tin téchico encuentra evidente lo
hallade en la presente solicitud al combinar une cualguiera de estos tres documentos
por aparie junio con D6.

De lo anterior, se encontraria que [a presente sciiciiud carece de los requisitos para que
se le conceda el privilegio solicitado.

B, Conclusidn:

Los requisitos de patentabilidad de la presente soiicifud se encuentran afectados asi:

Documanto N Reivindicacianes afectadss Requisiio gue afecta
Yogio Kyokaishi 1-4 Novedad
T Nivel Invsntivp
. Moverdad
D2 Hale Akt 1-4 T Nivellnventivo
D3 K. A, Khor ‘ 1.9 Nive! Invantivo
04 U§ 2535626 | 1-9 Nivel inventivo
s US 4460184 l 1.9 Nivel Inventive
e Novedad
D6 WO 02455831 : _ 1-9 It W

En cumplimiento del articuio 45 de la Decisién 486 de la Comisidn de la Comunidad
Andina, se ke indica que debe dar respuesta dentro del términc de SESENTA dias
contados a partir de la fecha de notificacién de (a presente comunicacion. Eit casa de
no dar respuasta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos pata la concesién, se denegara la patente.

Notifiguese el presente oficic conferme a lo disguesto en el numeral 5.2, literal e}, del
capitulo quinto del tiulo primero de la Circular Unica N° 10 de 20071,

Rrmigneg

on da Nugvas Creaciones

Concepta Téonice No. 3341

Examinador Técnico 202003 02 00T i
Ef anterior requerimiento fue nofificado por fjacidn en tista, de fecha SN

Expadienta 05-11845 25 de septiambre de 2009
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Industria y Comercio

SUPERINTENDENCIA

REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
RESOLUCION g579 7 1

Por la cual se niega una patente de invencion

Rad. PCT/05-11845

EL SUPERINTENDENTE DE INDUSTR!A ¥ COMERCIO
en gjercicio de sus facultades fegales, en especial de las que se canfirieron en el ardlcule
3. numeral 30 del decreto 3523 de 2009, v

CONSIDERANDO:

PRIMERO: Que 'a solicitud de patenie de invencidn titulada "POLVC CERAMICO PLASMA
REDONDEADO", gque corresponde a la solicitud internacional PCTASS 2003/0245417 de
fecha 04 de agosto del 2003, fue radicada en esia Superintendencia el 09 de febrero del
2005 bajo el numero 05011845 00000000, para que se dé comienzo a la fase nacional en
virtlud de| Tratada de Cooperacién en Materia de Palentes (PCT).

SEGUNDO: Que efectuads el examen de forma en cuanto a los requisitos que debe llenar la
solicitud y cumplidas las exigencias legales, se ordené publicar €l extracto sin que se
hubieran presentado oposiciones por parte de terceros.

TERCERO: Que e articulc 45 de 'a Decision 486 de la Comisién de la Comunidad Andina
establece que: "Sf /g oficing nacional competsne encontrare que la invencion no es
patentable o gue no cumple con alguno de los requisitas establecidos en esta Decision para
la concesion de la patente, fo notfficard ai soficitarite. E£sle debera respandera ke nolificacin
dantro del plazo de sesenia dfas contados a partir de la fecha de la notificacion. Este plazo
podrd ser promrogado por una sola vez por un petiodo de treinta dias adivionales (...} 57 ef
sekcitanie no respondiera 8 la nofificacion dentro del plaze sefialado, 6 si @ pesar de la
respuesta subsistieran los impedimentos para la concesitn, Ia oficina nacional competente
denegarg fa patenie”.

CUARTO: Que realizado &l examen de fondo, se requind al sclicitarte en los términes del
articulo 45 de la Decisidn 486 de la Comisidn de la Comunidad Andina, para que presentara
respuesta a las abservaciones de caracter técnico visibles a folios 140 a 142 del cuadema
adminisirativo, relacipnadas con la patentabilidad o cumplimento de los requisitos
sstablecidos por esta Decisidn para la concesion de la patente. Frents a dicho requerimiento
no hube pronunciantento alguna por pane del solicitante, por 1o cual es procedente negar el
privilegic de patente solicitadn con fundamento en o dispuesto en el articulo 45 de |a
Decisidn 486,

b Sede Genlrn: Cartans 13 Mo, 2700 Plpe 2, 5,7y 10
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Industria y Coruetcio

SUPERINTENDENCIA

REPUBLICA DE COLOMBIA

SUPERINTENDENGIA DE INDUSTRIA Y COMERCIO
.t
RESOLUCION If' 579 7.1

Paor la cual se hiega una patente de invencion

Rad. PCT/05-11645
RESUELVE:

ARTICULO PRIMERO: Negar el privilegio de patente de invencidn para fa solicitud
correspondiente a "POLVO CERAMICC PLASMA REDONDEADC", que enird en fase
nacional en vinud del Tratado de Cogperacién en Materia de Patentes (PCT).

ARTICULO SEGUNDD: Netificar personaimente el contenido de la preseénte resclucion al
doctor Emilio Ferrero, en su calidad de apoderado de Saint-Gobain Ceramics & Plastics,
Inc., b a quien haga sus veces, entregdnduale copia de la misma, adviriéndole que contra ella
procede el recurso de reposicibn interpuesto ante ! Superintendente de Industria y
Comercio, al momento de la notificacion o dentre de los 5 dias habiles siguientes a ella.

[ 2
R

NOTIFIQUESE Y CUMPEASE
Dada en Bogota, D.C.,alos 17 NOV. 2009

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO,

GUSTAVO VALBUENA QUINONES

Doctor
EMILIO FERRERD
Carrera 4 N° 72 - 35.
Bogota D.C.

&
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCID \g
DETALLE DE NOTIFICACION DE PROVIDENCIA -
ED il s
i RESGLUCION 57871 de feehs 1712009
Establece Notlficar a; FERRERD EMILIO

Con notificacién directamente a: FERRERQ EMILIO
Winculacién del Noffisado 2l Asunte : APCDERADQ

Presentd Recurso Sl enFacha 15122008
Motificacion : POR LISTADQ = Listado Mo, 205, Congecutivo Mo, 26766 del Afio 2008 « NOTIFICAR
Fechag del Ediclo {dd/mmfzaaa) - FLJADD ek 26(11/2009 y DESFIJADO el 10/ 272008
Fechs de Notificacitn ; 10A12/2008 (ddimmiaaaaj
q Forma de Comunicar la Notiflcacion . LOCAL

Fecha Wimients Notificacion Personat: 25M11/2008 (ddimmfaaad)
Fecha de Ejecutoria \ndividual .

Despacho Comisario:

Renuncia a Tarming;

Estado General de la providencia » RESCLUCION 57971 de fecha 17/11/2008 « { en fecha:2010-04-18 14:17:58.000 )
Povidencia Recumigz St

Fecha de Notificacion 101202008  (ddimmiazaa) con base a datos del sistema

Fecha de Ejecutoria

Correspondencia Remitida a |a{s) siguiante{s) direccion{es)
CARRERA 44 M. 72 - 35 de la ciudad de BOGOTAD.C., Procesada en fecha 17/11/2008
Eslado de Carrespondencla: ENVIADQ , de fecha 2009-11-18 08:00:00
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