ZI RCONI ABASED ARTI CLE USE OF SUCH AN ARTI CLE AS A WEAR RESI STANI EXTERI OR
PART FOR A WRI STWATCH AND METHOD FOR OBTAI NI NG SUCH AN ARTI CLE The present

i nvention concerns a zirconia based article, particularly a sintered
article, and in particular an article of this type whose chem cal structure
Is transfornmed over part of its thlckneﬁs to give it an external surface
havi ng a gol d-pl ated netal appearance he invention also concerns a 5 use
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in order to overcome these drawbacks, it has long been sought to

increase the hardness of articles made of solid gold or including a gold
coloured coating. However, conventional metaliurgic methods do not allow

20 very high levels of hardness to be attained, i.e. levels of hardness greater
than 1,000 HV (Vickers hardness), which would allow scratchproof
decorative parts having a gold-plated metal appearance to be made.

This is why one has proposed increasing the hardness of metals by
adding very hard particles. Two-phase composites have thus been made

25 formed of a metallic phase coating hard particles, which frequently take up
most of the volume of the material. A certain number of materials of this
type having a gold-plated metal appearance have been developed and are
today commonly used in industry. They are generally called "cermet’ when
they are made of a ceramic material, for example titanium nitride.

30 All these materials have in common however the fact that they include
a distinct metallic phase which may limit their resistance to corrosion and
their mechanical properties at high temperatures.

Moreover, the metallic phase used as binding agent always contains
nickel or cobalt, all attempts to substitute other metals for these elements



Mor eover . the netallic phase used as bindi ng agent al ways contai ns ni ckel
or cobalt, all attenpts to substit:ute other netals for these el enents

-2- having failed until now. However, the use of nickel and cobalt, in
applications which result in prolonged contzact with the skin, such as for
exanpl e for watchmaki ng and jewel |l ery applications, nust be avoi ded since
these el enents are known to frequently cause allergies. 5 Finally,
these materials are generally difficult to shape. This constitutes a
signi ficant |i ntaving tailed antit maw.dowsvert the aisefof mickel and cpbalt, 3n fapplications
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Another object of the present invention is to provide a method for
obtaining such a zirconia article which may easily be industrialised and which
20 allows these articles to be obtained at cycle rates and costs compatible with
market requirements.
The invention thus concemns a zirconia based article having a ZrO2"

and/or partially reduced ZrOg core characterised in that it includes, over at

least part of its surface, a superficial layer integral with said article, said
25 superficial layer including a plurality of regions of which one external region is
formed of zirconium nitride having a gold metallic brilliance.

According to a preferred feature of the article according to the
invention, the superficial layer includes a transition region situated between
the core and the external region, said transition region including sub-

30 stoichiometric zirconium nitride and zirconium oxynitrides.

it is to be noted that the chemical composition of the superficial layer
varies as a function of the depth measured from the surface of the exterior
part and passes continuously, i.e. without interruption of continuity, from
stoichiometric zirconium nitride (ZrN) to a transition region including sub-

35 stoichiometric zirconium nitride and zirconium oxynitrides.

According to another preferred feature of the invention, the nitrogen

content of the sub-stoichiometric zirconium nitride in the transition region



30 stoichionetric zirconiumnitride and zirconiumoxynitrides. It is to be
noted that the chem cal conpositioen of the superficial |ayer varies as a
function of the depth neasured fromthe surface of the exterior part and
passes continuously, i.e. without interruptdon of continuity, from
stoichionetric zirconiumnitride (ZrN) to a transition region including
sub- 35 stoichionetric zirconiumnitride and zirconium oxynitrides.
According to another preferred feature of the invention, the nitrogen
content of the daMeaIEsi With theedepth whileclbaiaxyoen centgat phthehexynitddes t i on

regi on -3- GREMB3SS Withithe debth. depth while the oxygen content of the
oxynitrides increas wth the depth. Th ransi tion, region thuys includes
L ol rT ometr + o Sheailoh e AR dBus Aelds SRR BT Pt e
decreases as onghgueogitreger Tohtamartisdudie decreses aaf oddheragrésdsalsetowaedsedm i ts

(o ey ryed e3R8 B WS R Sddn AerR iR eI e e ' ¢
which is essentngfﬁl‘i; FSPRvE sxymiEre; (£rPxNyletfe LPmAcUBEH 19 BROGrdRSIVaItY . x

6 Sna T S0l ke e, B e
quantity of a cﬂ?ﬁ%@nﬁ'&ﬁ\e gfrﬁj?ufs_fw?e %Q%Er{'rggrﬁgggéﬁg Itﬁﬂfﬁfog}}:&gi@eo ®a
%ggp(élégg\ (r)rfE aulrWrstbgaelﬁat tﬁbaﬂﬁmlc?nammrehal;eﬁe Vél&)rlsumgirdnsch@dpelna%/regt ibgns
of zirconi u?r? nér?rg%%@h%géngﬂ%ii} %?1 acgdﬁﬂg}ﬁgﬁédi ngh%ertrgéﬁhf%e%é%%}?eogn’chem' cal
conpounds as 15aveur @hatdospound i@ pwer ia¥arom t he surface of the article.
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finished zirconja arti c{he havi ng, a %rgper Hﬁ and/ or tially reduced Zr Q2
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placing said article I1n a reaction vessel 1n which a plasnma obtained froma
gaseous m xture of dmeoventioncalsm corearns gasethad denehirigingra Hnisheg on semi-
finished zirconia article having a ZrO2 and/or partially reduced ZrO2 core,
having a gold-plated metallic external appearance, characterised in that it
includes the steps of:
20 - providing at least one zirconia article previously shaped into its
finished or semi-finished shape;
- placing said article in a reaction vessel in which a plasma obtained
from a gaseous mixture of ammonia and an inert gas, a mixture of nitrogen,
hydrogen and an inert gas or a combination of such two mixtures is
25 generated; and
- maintaining said article in the plasma for a period of time of
approximately 15 to 240 minutes, the average temperature of the article
being in these conditions between approximately 600 and 1,300°C.
in order to make such articles, one started by making, in accordance
30 with conventional techniques, a conventional zirconia ceramic part having all
the required properties, but with no metallic features. This part was then
subjected to the method according to the invention in order to transform the
crystallographic structure of its surface thereby forming a superficial layer
including, in particular, an external region formed of zirconium nitride.
35 The external region of the superficial layer of the zirconia exterior part
transformed according to the method of the invention thus gives such part
the optical characteristics of a zirconium nitride of gold metallic appearance.



hydrogen. and an inert gas or a conbination of such two m xtures is 25
generated; and - maintaining .said-article in the plasma for a period of
time of approximately 15 to 240 minutes, the average tenperature of the
article being in these conditions betweengapproxi mately 600 and
1,300[err]C In order to nmake such articles, one started by nmaking, in
accordance 30 wth conventional techniques, a conventional zirconia
ceram c part having all the required properties, but with no netallic
features. This par Momsvetrhgrazingb}(eeye:ﬁffraotidmenalgsibduhsastmrdthag tlh@ t he
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supefficial layer integral with said part, the thickness of said superficial layer
including a plurality of regions of which one external region is formed of
zirconium nitride having a gold metallic brilliance.

20 Other features and advantages of the invention will be better
understood hereinafter with the aid of the following description of an
embodiment example of a zirconia article having a gold metallic external -
appearance, such description being given solely by way of illustrative example
and made with reference to the annexed drawings, in which Figures 1 and 2

25 are respectively grazing (surface structure) and standard (core structure)
X-ray diffraction spectrum measured on an article according to the invention.

By way of example, an article made of zirconia having a tetragonal
crystallographic configuration (zirconium oxide, ZrO2), white in colour and
which is made according to conventional manufacturing techniques for

30 ceramic articles, for example by sintering is first provided.

This article may be a finished product having the final shape in which it
will be used, for example a part of generally parallelepiped shape already
mirror polished and intended to form an exterior part of a wristwatch, for
example a wristband link.

35 Of course, if required, the article may be a semi-finished product on
which subsequent machining operations will be performed in order to adapt
such article to its final use.



including a plurality of regions of which one external region is forned.of
zirconiumnitride having a gold netallic brilliance. 20 O her
features and advantages of the invention will be better understood
hereinafter with the aid of the foll ow ngSdescription of an enbodi nent
exanple of a zirconia article having a gold netallic external appearance,
such description being given solely by way of illustrative exanple and made
with reference to the annexed drawi ngs, in which Figures 1 and 2 25 are
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An essential point of the method lies in the fact that it concerns
transformation of the article over a small thickness, of the order of 100 to

20 1,000 nm, the zirconia (zirconium oxide) in the external region being
converted into zirconium nitride having a gold metallic brilliance. It therefore
concerns a superficial conversion of the structure of the zirconia into a new
crystallographic structure correéponding to that of zirconium nitride and not
an added coating liable to be torn off or become detached from the surface

25 of the article, in particular when the latter is subjected to significant wear
conditions.

More particularly, the external region of the superficial layer which has
the zirconium nitride structure extends from the surface of the article over a
depth of between 20 and 150 nm.

30 The transition region situated between the core of the article and the
external region includes sub-stoichiometric zirconium nitride of the ZrNq.y
type. The sub-stoichiometry of the zirconium nitride increases progressively
(the nitrogen content decreasing) towards the core of the articie while from
a certain depth, an increasing quantity of oxygen appears progressively in the

35 form of zirconium oxynitride.

The core of the article is then reached, said core essentially being
tformed of partially reduced zirconia of the ZrO2.x type and/or zirconia ZrO2.



1,300[err]C according to the paraneters (time, conposition of the gaseous
m xture, flowrates, etc.) of the:process. After this |atter operation, the
article has the gold netallic brilliance or 15 lustre of zirconiumnitride
while maintaining a very high level of sugerficial hardness indispensable
for obtaining a wear resistant article in normal conditions of use. An
essential point of the nethod lies in the fact that it concerns
transformation of the article over a small thickness, of the order of 100
to 20 1,000 nm t hezmethodiaccordingctonthenneentide)this mddifiesxnetromdy theegi on
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superficial | aertiasf vessel.zThecorgion flowt rate ds t1IR&A scomnard! the ammonia flow rate
is 1650 sccm. Power is fixed at 220A and 89V. Moreover, the pressure in the
reaction vessel is fixed at 1.5 millibars. A plasma is conventionally generated
between the cathode and the anode in the reaction vessel. The ionised gas
20 mixture then comes into contact with the surface of the links and the atomic
nitrogen of the plasma is substituted for the oxygen of the zirconia. The
hydrogen in the reaction vessel acts as a catalyst for this reaction and
prevents reoxidation of the zirconia. During treatment of the links, the
temperature in the reaction vessel setties at approximately 1100°C. The
25 treatment lasts three hours. The links are then taken out of the reaction
vessel and subjected to RBS (Rutheﬁofd back-scattering) analyses. These
analyses demonstrate that part of the surface of the links has been
converted into zirconium nitride (ZrN) over a depth of approximately 100 nm.
The hardness of the treated links has also been measured. The Vickers
30 hardness values obtained are of the order of 12 Gpa. The links obtained have
a gold metallic appearance very close to that of gold.
Example 2. ‘
A watch case made of white tetragonal zirconia is placed in a plasma
reaction vessel as described in example 1. The case has a generally
35 Eectangular-shape and has a length of 30 mm, a width of 24 mm and a
height of 5 mm. This case is hollowed at the centre thereof. The operating
procedure is identical to that described in example 1, the only difference being



at the surface has been shown by the diffraction spectrum obtained with
grazing X-rays while the structure of the core has been shown by standard
X-ray diffraction techniques. In these spectrum visible in Figures 1 and 2
respectively, the characteristic peaks of 7ztrconiumnitride and zirconia
are 1 0 recognisable. Exanple 1: Several wistband |inks nade of white
tetragonal zirconia (ZrQ), having a length of 20 nm a width of 7 mmand a
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of the order of éz % . The |inks olbt ai R]ee&ghave a gol d net SI | i ¢ appearance
very close to tHare 'E}Ifaln@.aé? io[aKly Aesiig]ig qapeRiAnye AlgeIYPF MRS

t et ragonal zi rivilinrece] sagilyaatie to beshpped and mohdableno wesse kliergicdeactionsed i n
exanple 1..+4h O8Rer : th
of 30 130 R U DBk SR Coretaibnly, i @achitaks 2o perset) Sa e S
the centre the?egecorphire @5isles aRg IprRActicHiaTeas SoNgfEHtior AartsofarRiaceietsc PY bed
in exanple 1, ¢dwesadt Yirdipidcesence bei ng



-7- that.the gas m xture used includes 74% nitrogen, 4% hydrogen, and 22%
argon. The argon flowrate is 1200 sccm the nitrogen flowrate is 4000
sccm and the hydrogen flowrate is 200 sccm Power is fixed at 170A and
60V. In this exanple, the tenperature in _t@e reaction vessel settles at 5
approxi mately 1000[err]C during treatnent. atment lasts four hours.
The watch cases obtained have a gold netalli c appear ajﬂﬂﬁﬂm‘mmlﬂtulu
| i nks previously described, and have the sanme transfo ess
properties as thams descri bed in exanple 1. It is clear from the above that
t he method according to the invention 10 allows articles, in particular
decorative articles of gold netallic appearance, conbining certain of the
properties of ceram ts Zinbniebases arttiolebl&a\a?r@hetmeei médde oisZtORiangossi bl e to
obtain decoratg haﬁ{/trbﬁucee% Plod &atack ?é%}ian%ath r%\?%% D8V b fhalt gart of

r ab

particularly a i C appear ance an i I ITance,
to be shaped ata SNHPC% %ll?yl-‘ﬁe‘f‘ﬁ‘abﬁﬂgb‘“&%’%‘r‘ﬁ‘“t sﬁ'éaﬂi'f‘?‘ﬁn%a@@upﬁﬂ'ﬂ@ ﬂ%f

wearer's skin. ifghrses agibdality dfheguen@bt ivblcBsor®y extedal ajidryisstaithed of 0 use as
decorative %rtlcles and, .i.n ar Cgﬁﬁ,&i‘%éu'g n. trgctlon parts for bracelets

or cases for tlzr’r'%%’}"é@e'gmde 22P%ni a based article havi ng a
core made of Zr Q2 ané@/ oArtichr a¢carding tediaimd! . Zsr@ragtefisedcinathat the sepetficial t hat

it includes, OyRlerqhcllfSh tRAERIoRredib® silitbd Hetwders H@eéc’;rb(%rﬁi ti'llea?(ﬁémai

i nt egral with sai.d article, said superficial |ayer mcumrg IE)uraltyo
regi ons one abGRRioR, h@'@ttﬁéﬁ@oﬁfre%“dﬁ?'% &4h-8 'om%tSF&*TCP URoPitrde
zi rconi um 5 ni zireotdudnastymiiridegol d metallic brilliance. 2. Article according

o olalm Lighar act bl SeleldathBlind 16 HIRCS' L BLLEUPD IS SR den

transition reg| on si e core nal
transition regicentenhef dig ﬁgb'§tﬁﬂﬂmf@¢tdh|Z¢fﬁefﬂlﬂmcnliﬂdec@nﬁhénff3ﬂsﬂflﬁind@gmd

zi rconi um oxymdbwéagés wlm the depth while tH¥ bkfdeh aiaRtbinge tdkyRitled 2,
characterised i,n th e nltro en content” of the sub-stoichionmetric

zirconiumnitr |Qfée"f‘§?st‘ﬁ the,AePhi on regi on decreases with the
- 4. Article according to claim 1 or 2, characterised in that the

15 thickness of the superficial fayer is between approximately 100 and 1,000 nm.

5. Article according to any of the preceding claims, characterised in

that the thickness of the external region of zirconium nitride is approximately
between 20 and 150 nm.

6. Use of a ceramic material having a core of ZrO2 and/or partially

20 reduced ZrO2 as a wear resistant exterior part for a wristwatch, said part
including, over at least part of its surface, a superficial layer integral with said
part, the thickness of said superficial layer including a plurality of regions of
which one external region is formed of zirconium nitride having a gold metallic
brilliance.

25 7. Method for obtaining a finished or semi-finished zirconia based
ceramic article having a core of ZrO2 and/or partially reduced ZrO2, the
article having a gold metallic external appearance, characterised in that it
includes the following steps, consisting of:’

- providing at least one zirconia article previously shaped into its

30 finished or semi-finished shape;

- placing said article in a reaction vessel in which a plasma is generated
from a gaseous mixture of ammonia and an inert gas, or a mixture of
nitrogen, hydrogen and an inert gas, or a combination of such two mixtures;
and
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depth while the oxygen content of the oxynitrides increases with the depth.
4. Article according to claim1 or 2, characterised-+n—+t+hat—the—t-hi-ckness

of the superficial |ayer is between approxinately 100
5. Article according to any of the precedi.-rgg-clai ns, Wll nHﬂmHmt hat
t he thickness of the external region of zirconiumnitrrdeci s apprexi#ately
between 20 and 150 nm 6. Use of a ceramc material having a core of ZrQ2
and/or partially reduced Zr(Jerr] as a wear resistant exterior part for a
Wi st}Natchl isal d pantrnamualimwg 8gid atiele |ﬁtth2(blé;15ﬁ@§?‘]orpfrpbrletﬁ dfttﬁfn§kbffaCe a
superficial layer in ra t t he thicknes

superficial | aﬁp ‘?’W&'P ﬂa\A{R %}@ ﬁ?@ f"%%ragﬁ egﬁpe@p gﬁtée YR nal
regi on is fornbeing settled amthesenianditidas imw:my 80Qand BAAPCi c brilliance.

article having a cord oMOTRpeEeARrE Tl o7y BAErEIerkatyA aF Bl ff‘ﬁ‘ﬂ% e

havi ng a 25 %up)%ramqn al layer having a gold netallic brilliance,
characterised in that it includes the follow ng steps, consisting of: -
providing at | east one zirconia article previously shaped into its finished
or sem -finished shape; - placing said article in a reaction vessel in
which a plasma is generated froma 30 gaseous m xture of amonia and an
inert gas, or a mxture of nitrogen, hydrogen and an inert gas, or a

conbi nati on of such two m xtures; and - maintaining said article in the
plasma for a period of tinme of approximately 15 to 240 mi nutes, the average
tenperature of the article being settled in these conditions between 600
and 1,300 [err]C 8. Method according to claim?7, characterised in that the
inert gas 5 is argon.



