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OBTAI NI NG A ZI RCONI A- BASED ARTI CLE HAVI NG A GOLD NETE?L#??‘EF’B&% The
present invention concerns a nethod for obtaining a zirconi a-based article,
particularly a sintered article, and in particular an article whgse1g01
chem cal structure is transforned over part of its thickness in order to
give it an external surface having a gold netallic appearance. Eur ﬁ'—:(%
Patent No. EP 0 947 490 in the nane of the Applicant discloses in
particular a nmethod for obtaining a ni a- based article having a gold
netal | i c appearance. AcMETHOD FQR OR IRGQNIABAPEY

gd zirconi a

article in tetragonal Be i B BNACR &I MEr AL SRCWPREARSISGE | n which a

pl asma i s created obt eous m xture of ammonia and a neutral

gas and the article is kept in the plasma for a period of approximately 15

Lo 240 minutes, AdlLaLbngnldifon @aichonmaRed alobtdiingmaicomabarad artisicof
settte

the article is bet ween 600 and  1300C. ri . the
ni trogen copartituiaty 2 aintaied prigierandin ARG ?rﬁéles%g%@egﬁ&?%g@@g?eaﬁi c and

transforms #}%fé JMPEEHW%%&%&&@ Eieconiee it Bt exteotal SUFALEB2VIMhAS
phenonmenon has al ready been disclosed in a publication by MM J. Wba & L.
Lerch in thgolfl Giateli¢ a@pRareT<&d J. Euro-Ceram Soc. 18 (1998) at, ga es 1787
to 1793. Al though,idpkan Parsk NocERIO 9474RX iothenpos o desARBICABRYS O%T‘y'”
cracking of the zirconia insofar the. cubl ashabmg 4 fed swmlicensity as
t he tetragoﬂ%{f"cﬁﬂra%g‘,e%qﬂ #QrPBtgﬁéqﬁﬁg%ﬁéﬁH%ae&sﬁ a _fedgcl:t?%n L0 1hS o
t oughness abppdiearse hacedingitates metmd; aisteRiisgAETenB RIS PIGERIMNIE P8%e
incorporated i,n the zi | fi he piakag8 ctemen dbtbitied flonth gasedus
provi de the‘saoéiqerdéﬁto {eégﬁgrg\ﬁéps’ggirlgm%h t he detri nqget:f\l t‘ﬁff‘?%tmé)fortawe?io
structural tridosfdrmEnena asam enlrgl s NGNeANES S RERLE N AHE eXt ent 9 the
space over )gp;%#}o,id}n[a%ﬂ%% 240 MRS, aliRistiey thei canditibns so tretdagsmegnt o | i t

|

t he diffusion nitrogen 1 n the zirconia. ords, this neans in
practice rethrepargtursef %@@@%ts@eglegfbe?\ﬁ%erbﬁié@wg& ??%%\téor'rent , for example, in
the case of a di gghagaR FeaRkar thalttoeastoyainke in tlealasiea §ifAes iny8f

hydrogen in the plasima, by reduci [ ' dirSsHiarge cavic by
novi ng t he BeT@EE iB§ CF'FS%?FH&%WQ@WEW‘@%}%%@? }%Pﬁeuéf? rﬁ%.t LQn, Mﬁﬁcwi;
transfor rredphggggmﬁs@qdnwmanahlhyspue%sbﬁafwﬁ@m‘f‘@rp‘{i’“%t@&w - J. Wrba
tenperature of 950C to 10 f.ar I i t eRat ge® Nipaged C78Honever ,
this decreadetitgre ‘Hﬁﬁ? ﬁu\ﬁﬁ% eﬂgds&a‘}'ﬁgévm@%ﬁmi ﬁ@?hgﬁ( th? tr?iagﬁlﬂ SgyQf the
| ayers of zitrearAlthough this depgrifeial)transfosmatien §pes VY SPUERARY &Ity @%EI pgw Rﬂ?
reduced zirconi um qxide (7L X bndde RRRAGSametderbitgles tracteragoraliphasainiy
fromthe golzﬁc%%?gl félac appearance which it is s okt gl :
consequent | yranafoswatidrecaysgs acagy SN 4t ity ??@SE”?%%??%%H@%% f%ﬁrﬁdg% gé]%é? .
acsthetic and.faces Aioyen RS ROSEMcuiporated yhirgrossia o gorm the ZirseuBTHERe 2004
iy ! ! .

2_ Th bj tio t ' [
BT by pr ovivdiongnil AfetderGs b BARRY AG ST TEdT Qefé?fe?’(??’ékif‘f‘éﬁ'ﬁé Tayers

of ZrN to bedefmmdrapeRrmatidracaeorifibe kmiss by rgdicing thy extsonRi MRAPARY 0%
intense gold netallic pear ange,. .as, : isaH offiteguintin ese
The i nvent i OHIEbPEF 55 ANGETEA? ﬁ%"ﬁg%?ﬁ%é‘aﬁ?ﬁ @Q?Z{?ﬁ‘?@ma i ni éﬂ@% n?lr .
seni f i ni shedrirzbfig O Andraseds ahisintdans in heacked radusing4le r%n%era@r YOREE &5

ext ernal appearance, characteri j hlqeirB&éttel @ecicheingttep selatfve

provi di ng at"93¥Reqt Bq{e@xfmpgeoﬁ{ﬁgégrg%% ?:{éee%ﬂ%/r}ggdslé S.Ea‘%&ig Ii g%ﬂarj E%rto&ni shed
or sem -fi niqlettysiiaperogen patheipiasma, b¥dadiarg hRdNENFIE0T BP% Mg sard
articl te; d- f prlwﬁ\]%%fﬂrg Aldy Fdf tr%dqpiﬁsr’h?.agf %N@p o¥ fiestedtiannthettrartsfarmedasma i s
generated from a ia, or ‘a mxture of_ nitrogen .an r

conbi nati on tbi‘ckltldaﬁSsWi@iQ@"ya?ﬁﬁS?%fr@mrﬁoQt‘mfé’f'aa\rr‘?@ -e?ﬁ?%f) g%ég?%g’???l?? gﬁcl)“cr?e in
the plasma f@f ,3cR6héRdePbeiurk ©8600°8. N nut es, while adjusting the

conditions so that the average te ratur &l tHat tethidkadss of
bet ween 500 and 9gvweverp eﬁ?e[nﬂ%er?ﬁ'\l;%h?% g?rﬁ%ﬁs&él | o

a
suf fi ci ent | yinkhiyeks suBRDhiVET AlridedZeY) asftained senvantin 8nd glow \éy’seo@d%‘?%d,
whi | e avoi ding the tran ti j IRt frhahe halglanatakic t 00
g G0 BBe Y whiRR deliaE@NcRsidBlbICHbnan®

| arge a thi cKiv&8¢M 8% e conbi nation of the prior reduction
step and t heagmaasricealtyich Vs segbtioatbiaie apH £oRBEIUESHY MKES FRREA" and

900C), this Jatier (real ool ReiPdeRRERE dicdeddyativeeuppdses vireailg imprssiiep.
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- According to a preferred enbodi nent of the inventi an. in
added to the ammoni a, or respectively to the nitrogeoﬁﬁa‘re'l 6% %ﬁl?% xture

The addition of an inert gas allows a | ower voltage el ectrlc arc to be
generated favorise in the plasm reactor-,2which encourages the plasma to
arc at a steady node, in particular in the case of an electric discharge
reactor. According to an advant ageous enbodi nent of the invention, the
prior reduction step of said article is performed in a hydrogen plasna
Thus, it is possiThéebjeot pithé orventidreispo overceimedon Peawbagke of g Rsiceprtity t he
sanme reacto ich
n[ﬁ i @QW‘H&%%LBM%@L {905 Trddia §H|EI%G£IH§J|NQ IB*érE At Zatebermed

greatly si decreases the cost thereof. According to
anot her f eabweres lofget thisknesse ity 30PRMpIaVHI FRitRNSE QP S TERIIS aRReAE SRt i | e

is performe gp,ggﬂ ysipgen pressure, at a tenperature
conpri sed bgts\}\wégﬁgi;% %Ibgldﬁ

for appr OXI ggt e H_Hg_?ur S. Other
features and advahe fyestiest therrioeRPaReNS R MEINPC e ‘E%?'P'é’ﬂ UITERIES BSE ™  h
reference t@nshey SiRlohRUb S ddREds, Itnaé bARIHavary 4 gokdensalietkiema apppdrancd, t he
met hod for obtaining a zirconi se rt| cle having a gold netallic
ext ernal appRaipsisrged in that '@85’%‘@%&9 P73 By way of exanple, a zirconia
article having a-peivickgpaakast ioyie zatdrogaejote precionsly gbarad iote I(Szﬁlrrlﬁm @rm oxi de
Zr02), which Isfwéhﬁt i n_colour and which is nmade according to conventi onal
manuf act uri g T SCHMCHEE%f or ceramic articles, for exanple by sintering, is
provi ded as the spa:rtltaIlym;dw:lm;(tﬂv&e:ﬂrtfliihlasfozan‘lIﬂ”nzlcﬁlﬁéSj arti¢lebe a fini shed product
having the final Bf?ﬁ'f?\ﬁ daly éﬁ‘iﬂbl‘éhn htre%tléh vQ@se‘Fﬁ\e\thcﬁ %%[@ﬁ@é@'@n@rﬁéﬁ ?rohﬁVl ng

al ready undergone pol1shin i nt ended form an_ext erna

part, such &smeria, mzadnixwr@mb@tfp@%n ay hy$oee® Of@fcorr&mt%d’f 'i'?nea%lﬁi"i‘ X}l’a% may
be a sem -f i yigRedngroduct on which subsequent machining operations could
be perfornmed in order to adapt such article.to its od
according to the- MARANINGS pledy the; plagma for g perjod %Qﬂea&fﬁ“'?&gﬁ%’g t he
zirconi a foepjBthd the caham@rh@sd Mhadtr@esvetayectbirperatbne of tint adicless settiddct i on a
reduction state ﬂo’ﬁa t ge‘fév\een the surface of the article and the core.
Wthin the E%@ Tiption " partial reduction " nmeans that an
oxygen sub- st oi cThemesthod oﬁthemeztlwmmmallows eseficiently fhickesypesficdipeunt of

the Zroz_, g%z[go%,uar;(gmq%r%g méffwrﬁfe' it exa'tr%ngfo% ﬁ&}%wmafzhbwmwp to

the core of S e achi eved grolonged
treat ment oftubihghaseleverdto large @ﬁhlftkmsﬁ(ﬁﬁr%r@tm&f thergserbinatios Qf $BPi¥ed

bet ween 1109&1&9&1 ét%?%gd the/ RligREYowtehg&fare %l%énﬁﬂ?ﬁtm@ﬁﬂﬂb@gﬁérﬁﬁower IC

pressure. gogoes W sayl ng that any other reduction neans allow ng

reducti on ufO@&)t tis |é6¢féfﬁﬂ¢m?ﬂ‘eb9é!?§ Peiratier by K8 RIQE FRAUGHAN BIPPt hose ski | | ed

inthe art. The dﬂ[:@érlj@@ t@fa ﬁré\'@rré@@ﬁﬁod@lﬁbrﬁbﬁme\ﬁh\lrénhﬁﬁ miueﬂ@add’zpamtbddn t he
di nensi ons and the sha les to treated. This

article is ﬁ*?’?eﬁ’f“ﬁpa@ea'pieﬁi’%cué{eWé%&q whog%'gelzﬁ F‘YC?C{O%T Wt%r%pl asha is
generated fr om t rae iz@gitisa bl aminert gasnatioiva ajaseowstage etegtris ainde bé geverateded an

i t , f tr
or & comdi nPORE BrEREST'S R At e AR e B a6 A5 g MRk, 00T
usi ng an el arcmarrhmlahusctlhmcaﬁ of@h aienjmcsélsciwgareﬁqw to variants of the nethod

of the invention, el At d.
By vy of  exampl A E e A od b T R TR by

m cr owaves. Smmﬁdidrﬁﬁi@l@I&MQ@EﬁdﬁaM@f@gﬁﬁPtﬁ?ﬂ'ﬁ n the plasma, the use of
argon is advant a@‘ﬁeé‘gt:s?&sé}%ﬁé%erfé#h?tﬁé%ﬁ:o@fzuréﬁrhﬁedueﬁdsrt st@QSreﬁ\eSwh’ﬂb as neon

may al so be enV|sa arti cl i's mai ntai ned east

in
5 mnutes, &ARFIGASS B?%Hﬂe? tp eedfRiEh thessURSBA RN NHAAYER é?p ‘T’H@l"zﬂlgﬁy pﬁ'es
tenperaturethgmgfp@d%rnald‘elcﬁéa@gg tH%gcdst gated@nt i s settled between 500 and 900C

Gaseous. i xt ur o, ACPORTBAPEESHBE BAUTB ¢Trd HeRBa e SRy AP B BB ed i
t hi s regar dattlehd isiperfbimecveddr atrhasptehe hgﬂr@ggy pogasereaabd tyyppealiel asma i s
not comprised between 1100°C and 1300°C for approximately 1 to 2 hours.
Other features and advantages of the invention will be better understood with
reference to the following description of an implementation example of the method for
obtaining a zirconia-based article having a gold metallic external appearance.




27 Septenber 2004 -4- sufficient for the article tor. ure
conpri sed between 500 and 900C, auxiliary heating mezgﬁzggpﬁr}'ﬁgpggé% Af ter
this latter operation, the article has the gold netallic brilliance of
zirconiumnitride, and its conduction and-very high superficial hardness,
whi ch is indispensable for obtaining an article which is resistant to wear
in normal conditions of use. It will also be noted that this superficial
transformati on does not significantly affect the toughness of thg.
transformed zir ceyivay of &armgly s aitdoograritie haging adelipgorst CHRRN297ERBY a i s
thus superficially transforned, i elidkbeof anhivBictis pelder e
correspondiWf'EBrai{‘ﬂ%lﬂz'r(?Pmﬁ'm%%dn% %@hﬁ*ﬁ‘?ﬁé%%nd not an aril_{iﬁd goatxi %Iéi abl e
to be torn sichramg toocdreenimmatianciredring érahnigees (RTREAMGRTHES APt PEME i n
particul ar when, the | i -£eiestitie. significant conditions of wear.
An essenti af’ %Bﬁeﬂpg'd?%ﬁ\@&%dna\%etﬁ%?%n igg the conbi naﬁiﬁgn of Hwn@ ?Wb
reduction step ofhis hdicke miagbe ap‘rﬁ'ii\efit%o‘i%hﬁ‘f'%mff 3??103% and' the B asrm
treatment of i abinslea Bhr Aalifh alibas dndemysricanber pbianing amtietnisfito vas
observed that " formng a superfi cli ﬁ' Iaﬁg_l?(r of ZrI}ltof sufficient thickness
and obt ai ni fegtanesxtraakveaich paitceh as ke 1@ MAF Rechani cal properties
strictly dependegyghkbar flgaired, afie Beidieahapbe afsetidinished acaugt PeBRICEM pri or
to the treatnent. In the absence of a pfi ﬁﬁgﬁ IoPdLrSb 8Rapttdien ladtieds & of
Zr N whi ch r 84qseauentsRehining SWr?g?ﬁ?ecroé'gGBtEéeB%riférrl i ﬁg of 2 Stoichiometric
zirconi a (ZpH8nalake. t hus al ways of very |l ow thickness (several tens of

nanoneters), Wil gﬁ@q‘(’a&fa&gg&%@th&%\Z%Hfaor%%ﬁsh@s fits bRgIEMpaprally rediiging

reduced ceramic S nmenti oned her ei Efb'g?orﬁ' Tm%r4oﬁcW’ in

accor dance it dircbhie formvieg theoarticle reoider koebtrindY fEBYOURE EEHFYI R EYSt®p pri or

to the nitrighng  alEProtlih s Ui dre: diitleamdane somantittal the geopecbthe The
SEED" AT 'ows a

prior reducft _reduction state gradjent. . ifegdnghi ch
al | ows the Hegaiption * partigbredusion NS that ?féo’fy@gﬂéab%\g&e'?ﬁlgmpg gke)ttrh%t i crly%/gss,

for exanpl eisoé@éteg, 5@5@5@%@nm¢etr@rm},ojpe3oo nm Such a zirconia thus

has the col our "and nmechani cal resi stance ril J 1 i3k,
satisfactory toudhisestial spduglien SiEgds E{f’g agﬁf%%ﬁ@%%‘g? P%qwgr%rgﬁfemml

. EXx | 1

ﬁev_eral vviat q-lﬁisﬁgt@‘?%ggﬁ e)kdrﬂ{ﬁsapﬂdﬁl‘a@t&i b)jawulmlweﬁéteﬁé!@@f_nmf the PflcglﬁP%OrQEZPg o e

aving a | engt a wi dt; e Sypicdily 3t 1p00°ar e
pl aceg in athf tPE‘QgF%tBrﬁ ngg@ﬁ%ﬁ@‘{%ﬁ“ﬁﬁf%ﬁ_@? EEQ%f. ?ﬁé sl El;%
zi rconi a useddiusder AyADSGareatmgphaTic prEsLER hgoRVEIPU $aXPG I3 AER G ? uszge

di t t i DGt i ' Oartigie mayrtzke evhiisege
Toughnoss oy BEAEn S G A  e  e atle Adng 5%
argon (Ar) anusesSdetynltheqrh Tine dumptisarddNg Pﬂdeﬂ%St?%ﬁ’éf? o(%’ vsees&s%. e Tl ow
rate of arg%gfﬂﬁ%éﬁg%gw&m ArtioF Aticleoto by tieagen i s 1000 sccm  The
0 e disc

t ead d 1t fixed at - ,
The 27 Sept enbanigmbae isnasaner FRE AP N (P er 0oy gty

m | libar. ARReBohialdfe ahabniagaseconudtiecal if reqnied apéafkeds Oha

cat hode and the anode which are | ocat i td Mia8ipelion ditResd omi
hydr ogen thénlxw%mtrﬂs%mﬁ‘%ﬂwgéf‘ a\ﬂﬁ‘?fﬁggw}e&s%:ﬁgééggféﬁg | i[nlééenand ILl|hus
partial l'y ragucqstudie Thisrmasmhais diainedyfor lekampleeysing an peGYCHFPAGS Piks, the
tenperature of the latter (S.S IiRheby, & enediacfot r eat ment
| asts for O,f@UFF@UP?COAd’HE}?ﬁ?Téa”E# B]Jgtgg ﬁ@%gftﬁg lﬁ%% ar %0{}‘9( A%\% and. 25%
ammoni a ( NHYenkefatingjtee padmiantay béenviszged; Bt wa¥ <X eKamipie S RIGP PR TEYJ argon
is 1200 stem,and the fl. YEYHhigrowavdd.0 stem The steady node of
t he di schar g‘?ﬁ@ﬂ?‘ﬁ EH#‘@%%%@%Y ?tF)8OA unlder, §2V. Furtrrlieru tol?%éégn?sure in
the reaction vessktcordng e raethad psed foRhtain ine,plasig. & WERFHEd i n a
convent i onal , fBANGEHEIARRI) heddhidemaniert asearndo asinkon raealbRBa ed | n
the reaction véssél. The ionised gas m xture then comes into contact with
the al ready @#9a08f1 y reduced |inks and the atomic nitrogen of thea&l asma
is substituted fopnd BRicRXYgemtgihet irethzipiasomd tor aTleasts imdeh 3HHSERRIEADN t he

reaction vessel acts as cat al r i j N@HStreatment
oot di sat ; GAMBPN (a3 AL oL ALpEry SEFESHICR RERSHES EEZ ks,

t he tenper at jgrsettied Helh@esredd Tamswgsmorc&n@@ttheéaplamea}ﬁﬁpgﬁﬁﬁé? Bl G758,
The treatnment | asts far, two_ hours. ' g Jr renmeeisay ravilf sleabthe
reaction vesE%Pp%t@ns‘ﬁﬁp%gf’%%#oﬁétﬁg '$l§wsr.g{%'?'hg{cgt§;sferv tj on of i« not
cross- sect i onstedfin tHireegald masindhdéveréﬁhﬁilf%??‘?fﬁi’899?r§%§rﬁys@ﬁ?ﬁasﬂac'rsoscope
shows that part of the surface of the |inks has been transfornmed into
zirconiumnitride (ZrN) over a depth of approximtely 250 nm The hardness
of the treated |links has al so been neasured. The Vickers hardness val ues
obtained are of the order of 12 Gpa.. The |inks obtained have a gold
nmetal | i c appearance very close to that of gold. It will also be noted that



27 Septenber 2004 -6 the discharge current is fixed
this gxarrpl e, the tenperature ingt he reaction vessel a#7§ A! garﬁaax
approximately 670C during the treatnent. The treatnment |asts two hours. The
Wat ch cases obtai ned have a gold netalli-¢t appearance simlar to that of the
| i nks described previously, and have the same transformati on and hardness
features as those described in exanple 1. As a result of the foregoing, the
met hod according to the invention allows articles articularly decarative
articles, wstfficiantfor themsticle 1to cﬁa@b@etamﬁcaéuremmlswagéfwwnﬁﬂ O ai n

features of ﬁfﬁg“ i dBd RliSe ddegi S thus possible to obtain decorative
articles whi gh gé“%Bs'feantla Iy the mechani cal g eﬁﬂ |%E§I§§|Of t.et ragonal

zirconia and in PapEiNsURHEET PRSI fierRTECe PR theoH GeRfj2FPPum

pl easi ng apﬁﬁ?@d@%ﬁg it3 Rend&dtidh lahg vbfyi High anseficidinesenadst whicads mﬁsppﬂﬁtﬁ@t |y
suited to use as decoratjve

tl
el enent s f of"\P{aiRing A0 e E’E?bés feé,statr{?ﬂ%megnp@é'lorl%gécprgq}g{lg%gs 88!1]?”
CLAIMS 1. Makbee rfonsd miat & msmrﬂctélltmnsﬂwdamn i ndt isigniftleadtiy dffexd thea- based

ticl |
char act er | s RePheE g PEfen e dle ol B bs Gt sPARSA ihFairconia e
zi rconi a ar thiuslsepprfieizilp trahsfoshepiatb & an ClﬂtsiamgrﬁP@We‘ﬁFL@FUfgéﬁf reppoditelp
shape; - pagl g} E}’conﬁﬂx‘\’ﬁit% tanﬁn {éﬁ%'ds?d Edégﬁ%ﬂgblé% Se%ﬁn'&ﬁ@r tobe@éi‘n@r

partially reduc oni a orm rticl acing said article
in a reacti dﬂtavb%%@ml the whiifese of the éﬁi@@ inspajigidanviarn ?‘ledﬁ#t%[ Wrigctego 5

m xture of gbhﬁ-gg,%rboﬂaﬁgohggf\ggﬁn or a conbination of this gas and this

Teast 5 m nut oo, AURSFENRPASt PHEoTHENHA SIS SUEDEate 3t BRI et

t enper at ur esgb drinee aritieqirer ksthegllddnedirestmspeand 0@ Easms degtiment of the article
at a relatively low temperature. Indeed, it was observed that forming a superficial layer
of ZrN of sufficient thickness and obtaining the desired optical, physical and
mechanical properties strictly depended on the state of reduction of the surface
zirconium prior to the treatment. In the absence of a prior reduction step, the layers of
ZrN which result from the low temperature nitriding of a stoichiometric zirconia (ZrO2)
are thus always of very low thickness (several tens of nanometers), which allows the
grey colour of the subjacent partially reduced ceramic to appear, as was mentioned
hereinbefore. This is why, in accordance with the invention, the method includes an
additional step prior to the nitriding step, during which the zirconia is partially reduced.
The prior reduction step allows a reduction state gradient to be obtained which allows
the layer of zirconium nitride to be formed-over a larger thickness, for example over a
thickness of the order of 300 nm. Such a zirconia thus has the colour and mechanical
resistance properties and in particular satisfactory toughness for articles such as

decorative articles.

Example 1 |
Several watch bracelet links, made of white tetragonal zirconia (ZrO2), having

a length of 20 mm, a width of 7 mm, and a thickness of 3 mm, are placed in a plasma
reaction vessel having a diameter of 700 mm. The zirconia used is a 100% tetragonal
zirconia, which is stabilised at the surrounding temperature by adding yttrium oxide
(3% mol) and which has toughness typically higher than 5 Mpa.m'?. A mixture of gas
including 55% argon (Ar) and 45% hydrogen is injected into the reaction vessel. The
flow rate of argon is 1200 scem and the flow rate of hydrogen is 1000 scem. The
steady mode of the discharge current is fixed at 200A under 70V. Further, the




2. Method according to claim1, characterised in that |ner s added
to the anmmonia, or respectively to the mxture of ni t?%&@ h’ﬂ?@psgen

Met hod according to claim1l, characterised in that the prior reduction step
of said article is perforned in a hydrogen- plasna or a plasnma of a m xture
of 5 hydrogen and an inert gas. 4. Method according to claim1,
characterised in that the prior reduction step of said article is perforned
in the presence of hydrogen at a tenperature conprised between 1100C and
1300C f or aprmlsumdnmlﬁe tdactorc vegsel is didedat Wwanltibar. AmipsPnhisgeserated i a vet hod

accor di ng t% ﬁve@)lt E?\éﬁ’m%@ ?Q{Tv\%%hﬁﬁéjcétﬂo&é‘%ﬁd H&E‘arfda@rv@hlélﬁ&e' IScREPMHtheb.

Met hod accor haracterised I1n that said ﬁ_tasma s g%anerat ed
by a DC di smmtlgeve?se! NerRsemisdusraieRghecemas inta contagl it Beistdace AT Rat

the adj ust mepts ofy §0e pgﬁl%ﬂ%lééo%eés ol ﬁ%brﬁia%@%@hlsﬂﬁé#dﬁﬁeéth@ the @inked, the

auxi | heat d d d
" that | | he GIEPRIEAFS PURRLRISSHS ST FERREPTOR NG {Cr SRR e [ E b0
to the corepgfs Method according to cl al m 1, characterised in that the

ticle i i nt d d pl
L TRt b D32k e PuEr) BpeRgR 90 e A b vecr
26#! #96H++1. Git&tHDREBEBGBEIN0The HOwraBof rgont isi1@0Y$tunjapd]tee Hpw aalp®d] cal cal ¢
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located in the reaction vessel. The ionised gas mixture mes into contact with
the already partially reduced links and the atomic nitrogen of the plasma is substituted
for the oxygen of the zirconia. The hydrogen present in the reaction vessel acts as a
catalyst for this reaction and prevents re-oxidisation of the zirconia. During this
treatment step of the links, the temperature in the reaction vessel is settled at
approximately 770°C. The treatment lasts for two hours. The links are then removed
from the reaction vessel and subjected to analysis. The observation of cross-sections
of these links under an electronic transmission microscope shows that part of the
surface of the links has been transformed into zirconium nitride (ZrN) over a depth of
approximately 250 nm. The hardness of the treated links has also been measured.
The Vickers hardness values obtained are of the order of 12 Gpa. The links obtained
have a gold metallic appearance very close to that of gold. it will also be noted that the
thickness of the cubic phase zirconia transformation after treatment is of the order of
18um, the thickness of this phase being directly linked to the temperature of the

cerami¢ during freatment.

Example 2
A white tetragonal zirconia watch case is arranged as described in example 1

in a plasma reaction vessel. The case is of generally rectangular shape and has a
length of 30 mm, a width of 24 mm and a height of 5§ mm. This case is hollowed at its
centre. The operating process Is identical to that described in example 1, with the
difference that the prior zirconia reduction step is performed in a controlied
atmosphere furnace in which a hydrogen flow of 100 scem flows at 1200°C for two
hours and during the nitriding step the gas mixture used includes 55% nitrogen, 34%
hydrogen and 11% argon. The flow rate of argon is 1200 sccm, the flow rate of
nitrogen is 250 scem and the flow rate of hydrogen is 750 scem. The steady mode of
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similar to that of the links described previously, and have the same transformation and

hardness features as those described in example 1.

As a result of the foregoing, the method according to the invention allows
articles, particularly decorative articles, with a gold metallic appearance, to be made,
combining certain features of ceramics and metals.

It is thus possible to obtain decorative articles which have substantially the
mechanical properties of tetragonal zirconia and in particular its toughness, whiie
having a particularly pleasing appearance and metallic brilliance. These articles are
perfectly suited to use as decorative articles and in particular as construction elements

for wristbands or cases for timepieces.
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semi-finished shape;

- partially reducing the zirconia forming said article;

- after partially reducing the zirconia forming said article, placing said article in
a reaction vessel in which a plasma is generated from ammonia, or a mixture of
nitrogen and hydrogen, or a combination of this gas and this mixture; and

- maintaining said article in the plasma for a period of at least & minutes, while
adjusting the conditions so that the average temperature of the article is settled
between 500 and S00°C.

2. Method according to claim 1, characterised in that an inert gas is added
to the ammonia, or respectively to the mixture of nitrogen and hydrogen.

3. Method according to claim 1, characterised in that the prior reduction
step of said articie is performed in a hydrogen plasma or a plasma of a mixture of

5 hydrogen and an inert gas.

4. Method according to claim 1, characterised in that the prior reduction
step of said article is performed in the presence of hydrogen at a temperature
comprised between 1100°C and 1300°C for a period of time comprised between 1 and
2 hours.

10 5. Method according to claim 1, characterised in that the inert gas is argon.

6. Method according to claim 1, characterised in that said plasma is
generated by a DC discharge.

7. Method according to claim 1, characterised in that the adjustment of the
conditions of said plasma includes the use of auxiliary heating means.

15 8. Method according to claim 1, characterised in that the partial reduction
step is performed to reduce said article up to the core.

9. Method according to claim 1, characterised in that the article is
maintained in said plasma for a period of time comprised between 15 and 240

minutes.




