
ZIRCONIA BASED ARTICLE USE OF SUCH AN ARTICLE AS A WEAR RESISTANT EXTERIOR
PART FOR A WRISTWATCH AND METHOD FOR OBTAINING SUCH AN ARTICLE The present
invention concerns a zirconia based article, particularly a sintered
article, and in particular an article of this type whose chemical structure
is transformed over part of its thickness to give it an external surface
having a gold-plated metal appearance. The invention also concerns a 5 use
of such an article, as an exterior part for a wristwatch, in particular for
making construction parts for watch cases or wristbands. The present
invention concerns finally a method for obtaining such an article. Among
all known materials, metals are very widely used because of certain
advantageous properties: a high level of mechanical resistance, a high 10
level of toughness, electrical conductivity, etc.. Moreover; the
characteristic brilliance or lustre of such metals is very much sought
after for decorative applications such as for making watch cases or
suchlike. The hardness of solid gold or gold coloured coatings is however
inferior to that of ceramics, which may result in significant wear in
numerous common conditions of use, 15  for example when these materials are
used to make exterior parts used in watchmaking, such as watch cases or
wristbands. 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 metallurgic 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
-2- having failed until now. However, the use of nickel and cobalt, in
applications which result in prolonged contact with the skin, such as for
example for watchmaking and jewellery applications, must be avoided since
these elements are known to frequently cause allergies. 5        Finally,
these materials are generally difficult to shape. This constitutes a
significant limitation for the manufacture of exterior parts for
watchmaking or pieces of jewellery which often have complex shapes with
resultant high manufacturing costs. An object of the invention is thus to
overcome the drawbacks of the 10  prior art by providing a zirconia based
article, in particular a sintered article, having all the advantageous
properties of conventional ceramic parts (hardness, shapeability, lack of
allergenic effect, etc.) while having the brilliance or lustre of
gold-plated metal parts. Another object of the invention is to use in an
advantageous manner 15  certain properties of the zirconium carbide
obtained by converting the zirconia at the surface of a part for aesthetic
and decorative purposes within the scope of applications in the watchmaking
industry. 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 concerns a zirconia
based article having a ZrO2 and/or partially reduced ZrO2 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    -3- decreases with the depth while the oxygen content of the
oxynitrides increases with the depth. The transition region thus includes
sub-stoichiometric zirconium nitride whose nitrogen content gradually
decreases as one progresses towards the 5  core of the article whereas its
oxygen content progressively increases in the form of zirconium oxynitride
(ZrOxNy) type compounds, to progressively reach the core of the article
which is essentially formed of partially reduced zirconia of the ZrO2.x
type and/or zirconia (ZrO2). It will of course be understood that the
transition between these various regions happens 10  gradually, the
quantity of a compound of an upper region decreasing in favour of a
compound of a lower layer. Chemical analysis of the superficial layer by
RBS-ERDA measuring techniques has demonstrated the relative concentrations
of zirconium, nitrogen and oxygen corresponding to the aforecited chemical
compounds as 15  a function of the depth from the surface of the article.
The invention also concerns a method for obtaining a finished or semi-
finished zirconia article having a ZrO[err] 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[err]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.    -4-
Moreover, grazing X ray diffraction analysis has shown that the structure
of the superficial layer transformed at the surface has the
crystallographic structure corresponding to that of zirconium nitride.
Standard X ray diffraction analysis has shown that the 5  crystallographic
structure of the core of the part corresponds to that of tetragonal
zirconia. The articles obtained from this method acquire certain new
properties, in particular electrical conductivity and a gold metallic
brilliance or lustre while keeping the properties of ceramics, in
particular their very high level of 10  hardness. Quite unlike known "hard
metals" and "cermets", the zirconia articles according to the invention do
not contain any metallic phase containing Ni or Co. The invention also
concerns the use of a ceramic material having a 15  ZrO2 and/or partially
reduced ZrO2 core as a wear resistant exterior part for a wristwatch, such
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. 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.    -5- This
article is then placed in a reaction vessel in which a plasma is generated
from ionisation of a gaseous mixture of ammonia and an inert gas, or a
mixture of nitrogen, hydrogen and an inert gas, or a combination of these
two mixtures. This plasma is generated for example by electric 5
discharge. According to the method used to generate the plasma, the use of
argon as inert gas is advantageous. Of course the use of other inert gases
such as neon can be envisaged. The article is maintained in the plasma
during a period of time from 15 10  to 240 minutes and preferably between
15 and 150 minutes. The average temperature of the article during treatment
of the latter varies from 600 to 



1,300[err]C according to the parameters (time, composition of the gaseous
mixture, flow rates, etc.) of the process. After this latter operation, the
article has the gold metallic brilliance or 15  lustre of zirconium nitride
while maintaining a very high level of superficial hardness indispensable
for obtaining a wear resistant article in normal conditions of use. 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 corresponding 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 Z[err]N[err] type. The sub-stoichiometry of the zirconium
nitride increases progressively (the nitrogen content decreasing) towards
the core of the article 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 formed
of partially reduced zirconia of the ZrO2[err] type and/or zirconia ZrO2.
-6- The method according to the invention thus modifies not only the
surface but also the core of the article or a part of such core, which is
converted or transformed into ZrO[err], according to the dimensions of the
article, such core then having a grey colour. 5        The structure of the
superficial layer of the zirconia article transformed 



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 zirconium nitride and zirconia
are 1 0  recognisable. Example 1: Several wristband 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. A mixture 15  of gas including 43% argon (Ar), and 57% ammonia
(NH3) is injected in said reaction vessel. The argon flow rate is 1250 sccm
and 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 settles at approximately 110[err]C. The 25  treatment lasts three
hours. The links are then taken out of the reaction vessel and subjected to
RBS (Rutherford 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 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
the centre thereof. The operating procedure is identical to that described
in example 1, the only difference being    



-7- that the gas mixture used includes 74% nitrogen, 4% hydrogen, and 22%
argon. The argon flow rate is 1200 sccm, the nitrogen flow rate is 4000
sccm and the hydrogen flow rate is 200 sccm. Power is fixed at 170A and
60V. In this example, the temperature in the reaction vessel settles at 5
approximately  1000[err]C during treatment. The treatment lasts four hours.
The watch cases obtained have a gold metallic appearance similar to the
links previously described, and have the same transformation and hardness
properties as those described in example 1. It is clear from the above that
the method according to the invention 10  allows articles, in particular
decorative articles of gold metallic appearance, combining certain of the
properties of ceramics and metals, to be achieved. It is thus possible to
obtain decorative articles of great levels of hardness, having a
particularly aesthetic appearance and gold metallic brilliance, easily able
to be shaped and not liable to cause allergic reactions 15  with the
wearer's skin. Consequently, these articles are perfectly suited to use as
decorative articles and in particular as construction parts for bracelets
or cases for timepieces.    I -8- CLAIMS 1. Zirconia based article having a
core made of ZrO2 and/or partially reduced ZrO[err], characterised in that
it includes, over at least part of its surface, a superficial layer
integral with said article, said superficial layer including a plurality of
regions one above the others of which one external region is formed of
zirconium 5 nitride having a gold metallic brilliance. 2. Article according
to claim 1, characterised in that the superficial layer includes a
transition region situated between the core and the external region, said
transition region including sub-stoichiometric zirconium nitride and
zirconium oxynitrides. 10          3. Article according to claim 2,
characterised in that the nitrogen content of the sub-stoichiometric
zirconium nitride in the transition region decreases with the 



depth while the oxygen content of the oxynitrides increases with the depth.
4. Article according to claim 1 or 2, characterised in that the thickness
of the superficial layer is between approximately 100 and 1,000 nm. 15
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 reduced ZrO[err] as a wear resistant exterior part for a
wristwatch, said part including, over at 20 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. 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 25 superficial layer having a gold metallic brilliance,
characterised in that it includes the following steps, consisting of: -
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 is generated from a 30 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    - maintaining said article in the
plasma for a period of time of approximately 15 to 240 minutes, the average
temperature 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.    


