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AN ARTICLE The present invention concerns a zirconia based ceramnic artlcle
particularly a sintered article, and in particular an article of this type
whose chemical structure is transforned over part of its thickness to 5
give such article an external surface having a netallic appearafese ¥hé2
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structure is transformed over part of its thickness to

5 give such article an external surface having a metallic
appearance. The invention also concerns a 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

10 method for obtaining such an article.

Among all known materials, metals are very widely
used because of certain advantageous properties: high
level of mechanical resistance, high level of toughness,
formability, electrical conductivity, etc.. Moreover,

15 their characteristic brilliance or lustre is very much
sought after for decorative applications. Their hardness
is however inferior to that of ceramics, which may result
in significant wear in numerous common conditions of use,
for example when these materials are used to make exterior

20 parts used in watchmaking, such as watch cases or
wristbands. _ ‘

For this reason, it has long been a goal to increase
the hardness of'metals The conventional metallurgic
'methods (quenchlng, structural hardening) do not however

25 _enable the very hlqh levels of hardnesses, i.e. greater
than 1,000 HV (Vickers hardness) required for certain
applications, such as cutting tools or scratchproof
decorative parts. '

For these applications, the hardness of metals has

30 been increased by adding very hard particles,'i.e. by
making two-phase composites formed of a metallic phase
coating hard particles, which frequently take up most of
the volume of the material. A certain number of materials



wri st bands. For this reason, it has |ong been a goal to increase the

har dness of netals. The conventional netallurgic nethods (quenching,
structural hardening) do not however 25 enable the very high levels of
hardnesses, i.e. greater than 1,000 HV (/i ckers hardness) required for
certain applications, such as cutting tools or scratchproof decorative
parts. Fgr t hese applications, the hardness of netals has 30 been
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limit their resistance to corrosion and their mechanical
properties at high temperatures.
10 Moreover, the metallic phase used as binding agent
" usually contains nickel or cobalt, all attempts to
substitute other metals for these elements having led to
insatifactory results until now. However, the use of this
"metallic phase with nickel and cobalt, in applications
15 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.
Finally, these materials are generally difficult to
20 manufacture, which constitutes a significant limitation
for the manufacture of exterior parts for watchmaking or
pieces of jewellery which often have complex shapes with
resultant high cost.
Patent Document JP-A-02 167875 discloses a method for
25 producing modified =zirconia cerémics (Zr02) for the
purpose of changing the hardness of the latter and also
giving thereto a black or grey-black colour. In order to
do this, it is proposed to place a previously heated
zirconia ceramic part into a reaction vessel in which
30 plasma is generated, preferably, a microwave plasma from
mixture of gases including hydrogen and a hydrocarbon gas
or carbon monoxide so that the superficial layer of the
ceramic material is converted into a form of zirconium
carbide (2rC) of black or grey-black appearance. The
35 ceramic material thus modified is then used for making
cutting tools, and machine parts.
An object of the invention is thus to overcome the
drawbacks of the prior art by providing a zirconia based



properties at high tenperatures. 10 - Moreover, the netallic phase used
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of a part for aesthetic and decorative purposes when used
10 in the watchmaking industry.

Another object of the present invention is to provide
a method for obtaining such a_zirconia based ceramic
article which may easily be industrialised and which

"allows these articles to be obtained at cycle rates and
15 costs compatible with market requirements.

The invention thus concerns a zirconia based ceramic
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

20 article, the thickness of said superficial layer including
a plurality of regions of which one external region is
formed of zirconium carbide having a metallic brilliance.

According to a preferred feature of the article of
the invention, the Superficial layer includes a transition

25 region situated between the core and the external region,
said transition region including sub-stoichiometric
zirconium carbide and zirconium oxycarbides.

It is to be noted therefore that the chemical
composition of the superficial layer varies as a function

30 of the depth measured from the surface of the exterior
part and passes continuously, i.e. without interruption of
continuity, from stoichiometric zirconium carbide (ZrC) to
a transition region including sub-stoichiometric zirconium
carbide and zirconium oxycarbides.

35 According to another preferred feature of the
invention, the carbon content of the sub-stoichiometric
zirconium carbide in the transition region decreases with



carbide (ZrC) of black or grey-black appearance. The 35 ceram c materi al
thus nodified is then used for making cutting tools, and machine parts. An
object of the invention is thus to overcone the drawbacks of the prior art
by providing a zirconia based ceramc, article, in particular a sintered
article, having all the advantageous properties of conventional ceramnic
parts (hardness, shapeability, lack of allergenic effect, etc.) while

having the brilliance or. lustre of netal 5 parts. Another _.object of_ the
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partially reduceéiczle@desrin the form of zirconium oxycarbide (ZrOxCy)

' type compounds, to progressively reach the core of the
article which is essentially formed of partially reduced

10 zirconia of the Zr02-x type and/or zircomia (2r02). It
will of course be understood that the transition between
these various regions happens gradually, the gquantity of a
compound of an upper region decreasing in favour of a

" compound of a lower layer.

15 Chemical analysis of the superficial layer by RBS-
ERDA measuring technigues has demonstrated the relative
concentrations of zirconium, carbon and oxygen
corresponding to the'aforeci;ed chemical compounds as a
function of the depth from the surface of the article.

20 The invention also concerns a method for obtaining a
finished or semi-finished zirconia ceramic article having
a 2r02 and/or pértially reduced Zr02 core, having an
metallic external appearance, characterised in that it
includes the following steps consisting of :

25 - providing at least one zirconia ceramic article
previously shaped into its finished or semi-finished
shape; '

- placing said article in an reaction vessel in
which a plasma obtained from a mixture of hydrogen, an

30 inert gas and traces of carbon is 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.

35 In order to make such articles, one has started by -
making, in accordance with conventional techniques, a part
in conventional zirconia ceramics having all the required
properties, but with no metallic features. This part was



characterised in that it includes, over at |east part of its surface, a
superficial layer integral with said 20 article, the thickness of said
superficial layer including a plurality of regions of which one external
region is formed of zirconium carbide haying a nmetallic brilliance.
According to a preferred feature of the article of the I nvention, the
superficial layer includes a transition 25 region situated between the
core and the external region, said transition region including
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content of the oxycar : . )
o] the invention thus gives such part the optical

characteristics of a zirconium. carbide of metallic

10 appearance. '

Grazing X ray diffraction analysis has shown that the
structure of the superficial layer transformed at the
surface has the crystallographic structure cdrresponding

to that of zirconium carbide. _

15 Standard X ray diffraction analysis has shown that
the crystallographic structure of the core of the part
corresponds to that of tetragonal zirconia.

The articles obtained via this method acquire certain
new properties, in particular electrical conductivity and

20 a metallic brilliance or lustre while keeping the
properties of ceramics, in particular their wvery high
level of hardness.

Quite unlike known "hard metals" and "cermets", the
zirconia ceramic articles of the invention do not contain

25 any metallic phase.

The invention also concerns the use of a ceramic
material having a Zr02 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

30 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
carbide having a metallic brilliance. '

Other features and advantages of the invention will

35 be better understood hereinafter with the aid of the
following description of an embodiment example of a
zirconia ceramic article having an metallic external
appearance and the method for obtaining such article



increases with the depth. The transition region thus I ncl udes sub-
stoichionetric zirconium carbi de whose carbon content 5 gradually decreases
as one progresses towards the core of the article whereas its oxygen
content progressively increases in the fgrm of zirconium oxycarbide

(Zr OxCy) type conpounds, to progressively reach the core of the article
which is essentially forned of partially reduced 10 zirconia of the
ZrJerr] type and/or zirconia (Zr@). It will of course be_understood that
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its finished or reepedtiivellgd of a zirconium carbide and a sub-
10 stoichiometric zirconium carbide given by way of reference

and measuring p01nts effected on an article according to
the invention.

By way of example, one provides an article made of
‘zirconia having a tetragonal crystallographic

15 configuration (zirconium oxide, Zr02), white in colour and
which is made according to conventional manufacturing
techniques for ceramic articles, for example by sintering.

This article may be a finished product having the
final shape in which it will be used, for example a part

20 of generally parallelepiped shape already mirror polished
and intended to form an exterior part of a wristwatch, for
example a wristband link.

Of course, if necessary, the_afticle may be a semi-
finished product on which subsequent machining operations

25 will be performed in order to adapt such article to its
final use. ,

This article is then placed into a reaction vessel in
which a plasma is generated from ionisation of a mixture
of hydrogen, an inert gas and traces of carbon. This

30 plasma is generated for example by electric discharges.

According to the method used to generate the plasma,
the use of argon as inert gas is advantageous.

The traces of carbon used to generate the plasma may
be obtained from hydrocarbon gases such as methane,

35 acetylene, ethane or a mixture of these latter. Care
should be taken however that during the process, the
relative concentrations of the different components of the .



shape; - placing said article in an reaction vessel in which a plasm
obtained froma m xture of hydrogen, an 30 inert gas and traces of carbon
is generated; and - maintaining said article in the plasnma for a period of
time, of approximately 15 to 240 m nutes, 4t he average tenperature of the
article being in these conditions betmeez approxi mately 600 and
1,300[err]C 35 In order to nmake such articles, one has started by
maki ng, in accordance with conventional techniques, a part in conventional
zi rconi a cerani P3asm@ BFeamiot; Isdiche artedhﬁ“t%& diseformead @t IFheo SHakaqs c
features. This p& tn@@artichethen subjected to the nethod according to the
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'~ according to the parameters (time, composition of the
gaseous mixture, flow rates, etc...) of the process.

After this latter operation, the article has the

10 metallic brilliance or lustre of zirconium carbide 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 is that it concerns

15 a transformation of the article over a small thickness, of
the order of 300 to 1,000 nm, the zirconia (zirconium
oxide) in the external region being converted into
zirconium carbide having a metallic brilliance. It
therefore concerns a superficial conversion of the

20 structure of the zirconia into a new crystallographic
structure corresponding to that of zirconium carbide and
not an added coating layer liable to be torn off or become
detached from the surface of the article, in particular
when the 1latter is subjected to significant wear

25 conditions.

More particularly, the external region of the
superficial layer which has the =zirconium carbide
structure extend 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 carbide of the ZxCi-y type. The
sub-stoichiometry of the zirconium carbide increases
progressively (the carbon content decreasing) towards the

35 core of the article while from a certain depth, an
increasing quantity of oxygen appears progressively in the
form of zirconium oxycarbide.



10 appearance. Grazing X ray diffraction analysis has shown that the
structure of the superficial layer transforned at the surface has the
crystald ographic structure corresponding to that of zirconium carbide. 15
‘Standard X ray diffraction analysis has ghown that the crystall ographic
structure of the core of the part corre§gonds to that of tetragonal
zirconia. The articles obtained via this method acquire certain new
properties, in particular electrical conductivity and 20 a netal]jc.
brilliance or |ustTie whote ofedbien@rtimlerbdekhprs repch@dnigatld; gore
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core then having a grey colour. Consequently, slight

scratches on the surface of the article do not result in

10 wvisible marks on the article.

The hydrocarbon gases which are added in small
quantity to the mixture of hydrogen and inert gas and
which are used to generate the plasma result in a

‘relatively short treatment time, of the order of 150

15 minutes and to better repeatability of the method. This
makes . the method according to the invention amenable to
industrial applications.

The structure of the superficial layer of the
zirconia ceramic article transformed at the surface has

20 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 technigques. In these
spectrum, visible in Figures 1 and 2 respectively, the
characteristic peaks of zirconium carbide and zirconia are

25 recognisable.

Referring now to Figure 3, curves illustrating the
light reflection, in the visible wavelength band, at the
surface of an article, made respectively of zirconium
carbide and of sub-stoichiometric zirconium carbide,

30 namely of 2rCo.89 are shown. These two curves are drawn
from the article "Electrical Properties of Single
Crystalline Zirconium Carbide" by F.A. Modine,
T.H. Haywood and C.Y. Allison published in the "Physical
Review B", volume 32 of 15 December 1985, page 7744

35 (Figure 3). Results of similar measurements made on an
article of the invention have been incorporated in the
form of discreet measuring points in the Figure, from
which it is clearly seen that the reflection spectrum of



35 be better understood hereinafter with the aid of the foll ow ng
description of an enbodi nent exanple of a zirconia ceramc article having
an netallic external appearance and the nmethod for obtaining such article

6 according to the invention, given solegly by way of illustrative exanple
and made with reference to the annexed faw ngs, in which - Figures 1 and 2
are respectively grazing (surface 5 structure) and standard (core
structure) X-ray diffraction spectrum neasured on an article accordin

the invention; BRRl 2riglet arcarei®s: e F@FIéBFPBﬁlgﬁe&PﬁﬁﬁSr88555??93?? of
a zirconi um cargbdenaitd &£ sab 1a§{@r$t<ﬂf chitetehiometiricondnmsddoitdy gsuba by
way of reference and peasur, n ts eff ted on an article according to

t he inventi on. Tpe Eﬁ&ﬁﬁkﬂg sfdes an article made of zirconia
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manuf acturin tec ceramc arti cl exanple b S|nter|ng
artlcle of the invention. These measurements have resultad

in resistivity values of the order of 250 uQcm. These
values are comparable to those given in the scientific
literature for substantially stoichiometric zirconium
10 carbide ZrC. The Applicant has referred to the article by
V.A. Petrov et al., published in the review "High
Temperatures - High Pressures" in 1981, volume 13,
page 770 for these resistivity values.
' It is clear from the above that the method according
15 to the invention allows articles, in particular decorative
articles of metallic appearance, combining certain of the
properties of ceramics and metals, to be achieved.
It is thus possible to obtain decorative articles of
great level of hardness, having a particularly aesthetic
20 appearance and metallic brilliance, easily able to be
shaped and not liable to cause allergic reactions with the
wearer's skin. Consequently, these articles are perfectly
suited to use as decorative articles and in particular as
construction parts for bracelets and/or cases for
25 timepieces such as wristwatch.



This article may be a finished product having the final shape in which it
w ll be used, for exanple a part 20 of generally parall el epi ped shape
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use. This article is then placed into a reaction ves : 1Kl pl asma
is generated fr @pAIMS sation of a m xture of hydrogen, an inert gas and
traces of carbon. This 30 plasma is generated for exanple by electric
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at the surfa%ﬁ thickness of said superficial layer including a plurality

of regions of which one external region is formed of
zirconium carbide having a metallic brilliance.

2. Article according to claim 1, characterised in
that the superficial layer includes a transition region

10 situated between the core and the external region, said

_transition region including sub-stoichiometric zirconium

carbide and zirconium oxycarbides.

3. Article according to claim 2, characterised in
that the carbon content of the sub-stoichiometric

15 =zirconium carbide in the transition region decreases with
the depth while the oxygen content of the oxycarbides
increases with the depth.

4. Article according to claim 1 or 2, characterised
in that the thickness of the superficial layer is between

20 approximately 300 and 1,000 nm. | '

5. Article according to any of the preceding claims,
characterised in that the thickness of the external region
of zirconium carbide is approximately between 20 and 150
nm.

25 6. Use of a ceramic material having a core of Zr02
and/or partially 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

30 including a plurality of regions of which one external
region is formed of zirconium carbide having a metallic
brilliance.

7. Method for obtaining a finished or semi-finished
zirconia based ceramic article having a core of 2ro2

35 and/or partially reduced 2Zr02, the article having a
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of the article. The article is maintained in the plasm during a period of

time from15 to 240 minutes and preferably of 5 150 ni nutfll Sh - eplaced
tenmperat'ure of the .article during treatnment of the latter H I DO
to 1,300[err]C according to the paranet e.[ (time, conpositi _ :

gaseous m xture, flowrates, etc...) of e process. After this latter
operation, the article has the 10 netallic brilliance or lustre of
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a new crystall 05 g‘gﬁ'c structure corresponding to that of zirconium carbide
and not an added coatdi ngplagéngl isdié@ eoticlerdnofd veapsiome vWessehedn
fromthe surfacqilcy e Akl €5 _bBnBPAtedUERmILCR AHE-d Af Hydiogutd] o ed
ondi t Mo I Y, na

to significant wear 25 I ONS. re particul ar t he exter regi on
of the inert gas and traces of carbon; and

- maintaining said article in the plasma for a

10 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 °C

8. Method according to claim 7, characterised in
' that the inert gas is argon.

15 9. Method according to one of claims 7 or 8,
characterised in that the traces of carbon are obtained
from at least one hydrocarbon gas injected into said
vessel, the hydrocarbon gas being selected from methane,
acetylene and ethane or a mixture of these latter.

AR



superficial |ayer which has the zrrconlun1carb|de structure extend fromthe
surface of the article over a depth.of“béetweeéen 20 and 150 nm 30 The
transiti‘on region situated between the core of the article and the external
regi en includes sub- stoichionetric zircqniumcarbide of the Zr(Jerr] type.
The sub-stoichionetry of the Z|rcon|un1c&2%|de i ncreases progressively (the
carbon content decreasing) towards the 35 core of the article while froma
certain depth, an increasing quantity of oxygen appears progressively in
the form of zircRREERRACGRycar bi de. 8 The core of the article is then
reached, said core essentially being forned of partially reduced zirconia
of the ZrC{err] type .nd/or_2|rcon|a ZrCQ The nethod accord|no to the

i nvention thus nodiEesidads R f ‘ MG ARTTORS
article or a part of ASI@hWEARER: ANT | EXTEREGE
ZrJerr] - according to t di,0ensi,o < i Iﬁﬁ#ﬁiﬁgﬂggﬁﬁht en
havi ng a grey col our. conggﬁhe.%}abg@%dﬁ?h5343@9$§ ce of the

article do not result_in 10 visible marks on the article.
The invention concerns a zirconia based ceramic

article having a core of 2Zr02 and/or partially reduced
Zxr02, characterised in that it includes, over at least
part of its surface, a superficial layer integral with
. 5 said article, the thickness of said superficial'layer
' including a plurality of regions of which one external
region is formed of zirconium carbide having a metallic
appearance.

10 Figure 3



The hydrocarbon gases which are added in: small quantity to the nixture of
hydr ogen and inert gas and which are’ ‘uded to generate the plasma result in
a relatively short treatnent time, of the order of 150 15 minutes and to
better repeatability of the nethod. This makes the nethod according to the
invention anenable to industrial applications. The structure of the
superficial layer of the zirconia ceram¢ article transforne ﬁ <he
surface has 20 been shown by the diffraction spectrum obtai nfjd wi@h grazi ng
X-rays while the structyre of the core has been shown by sta d X-ray

diffraction techniques.x n these spectrum visible,_in,Fi ure and 2
respectively, the char eristic peaks of zirconi u(aaﬁ & zirconi a
are 25 recogni sabl e.QRg erring nowto Figure 3, curves i I | u$tt &hting the
light reflection, i n%h'a; vi si bl e wavel ength band, at the sur{lage of an
article, nmade respectvgly of zirconium carbide m % Z ot hi onetric
zi rconi um car bi de, 3(ﬁn ly of ZrC[er:)Ll are sho ese rves are
“drawn fromthe articl@ | ectrical Propdht+)siasd BSn@l B htdine
Zi rconi um Car bi de" bygF®\. Mdine, T.H Haywood and zC Y. All{p publ i shed
in the "Physical Revi@ waB", volume 32 of 15 D& 7744 35
(Figure 3). Results 0'& ssm | ar nmeasurenents nmade on an
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article of the invention have been incorporated in the form of discreet.
nmeasuring points in the Figure, fromwhich it is clearly seen that the
reflection spectrum of 9 the articles according to the invention indeed
corresponds to that of a |ayer of stoichiometric or slightly sub-
stoichionetric ZrC (Figure 3). The Appliiant has al so perfornmed el ectri cal
5 resistivity neasurenents on the superffcial |ayer of the ar{&gle of the

i nventi on. These neasurenments have resulted in resistivity vdif&sW\f the
order of 250 [err]cm These values are conparable to those giNen iN the
scientific literature for substantially stoichionetric zirgorfpf@ 10
carbide ZrC. The Applicant has referred to the article RQYRY. A| Petrov et
al., published in the review "H gh Tenperatures - High Press qu' in 1981
vol une 13, page 770 for these resistivity values. It is cleap|fromthe
above that the nmethod according 15 to the invention allogg thixcl es, in
particul ar decorative articles of netallic appearance, eomdi rfijng certain of
the properties of ceramcs and netals, to be achi eved. 1t 2s IEF possi bl e
to obtain decorative articles of
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great |level of hardness, having a particularly aesthetic 20 appearance and
metallic brilliance, easily able to be shaped and not |iable to cause
allergi ¢ reactions with the wearer's skin. Consequently, these articles are
perfectly suited to use as decorative articles and in particular as
construction parts for bracelets and/or cases for 25 tinepieces such as
wri st wat ch. 10 CLAIMS 1.Use of a ceramc materi al having a core of ZrQ2
and/ or partially reduced Zr2 as a wear resistant exterior part for a
wristwatch, said part including, over at |least part of its surface, a
superficial layer integral with 5 said part, the thickness of said

S—
superficial layer including a plurality of regions of which one externaIE;
region is fornmed of zirconiumcarbide having a netallic brilliance. 2. Usew
according to claiml, characterised in that 10 the superficial layer __ »=
includes a transition region situated between the corejfand the e ter R
region, said transitijon region including sub-stoichjonetr|c zir¢onfum -
car bi de and zirconi um oxycar bi des.
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3. Use according to claim?2, characterised in that 15 the carbon content
of the sub-stoichionetric zirconiumcarbide in the transition region
decreas€s with the depth while the oxygen content of the oxycarbl des
increases with the depth. 4. Use accordil@g t cSabbst]
in 20" that the thickness of the superficial |ayer}j
300 and 1,000 nm 5. Use according to any of the
characterised in that the thickness of the extern
carbide is approxi mately between 20 and 150 25 nnj
a finished or gg@TMd ni shed zirconia based ceram
Zr2 and/or partially reduced ZrQ2, the article h
appearance, characterised in that it 30 includes =3
consi'sting of: - proi.diseg cffi &ecgeramhe matevipid cmvamC ar ?Pﬁeeoér e'zylf%sl y
shaped into 't%ﬁd/ﬁ?%@:t@.ﬁlﬁ%afiﬁ@éahﬁgo§hé’é’ea weas lres P @i th ded@dfhior

article in a reaction-vess
part for a wristwatch, said part including, over at least

part of its surface, a superficial layer J.ntegral with

5  said part', the thickness of said superficial layer
including a plurality of regions of which one external
region is formed of zirconium carbide having a metallic
brilliance.

2. Use according to claim 1, characterised in that '

10 the superficial layer includes a transition region
situated between the core and the external region, said
_transition region including sub-stoichiometric zirconium
-carbide and zirconium oxycarbides. _

3. Use according to claim 2, characterised in that

15 the carbon content of the sub-stoichiometric zirconium
carbide in the transition region decreases with the depth
while the oxygen content of the oxycarbides increases ‘with
the depth. o '

4. Use according to claim 1 or 2, characterised in

20 that the thickness of the superficial layer is between
approximately 300 and 1,000 nm. '

5. Use according to any of the preceding claims,
characterised in that the thickness of the external region
"of zirconium carbide is approximately between 20 and 150

25 nm.

6. Method for. bbtaining a finished or semi-finished
zirconia based ceramic article having a core of Zr02
and/or partially reduced Zr02, the article having a
metallic external appearance, characterised in that it

30 includes the following steps, consisting of: '

- providing at least one zirconia ceramic article
previously shaped into its finished or semi-finished '
shape; '

—_—
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which a plasma is ge QEELAGEWNI gH]. xfure of hydrogen, an inert gas and

traces of carbon; mai ntai nin ;a d article in the plasma for a 5
period af tine of ap r ¢xi 3 BCY 19 D P40 ninutes, the average tenperature

of thevarticle beingijin these condi t | ohd et vBebstimte sheet - 300ctaher] 1299
Met hod according to dlarm6, characteriised in that the I nert gas I s argon.

10 8. Met hod fl o]
ess?)’f'dczfrrﬂ:dﬁ §re18bt%| nreet?cf o at’eﬁgg%t Hie

characterised in that t
~hydrocar bon gaswhi¢lecd aslldsmen isaigéneratetl, from aydinterdonf ghydbedeny, an
sel ected from rriartleh]g{tegasacaga/It%%e%ngfegggggngraﬂdm' xture of these latter.
| - maintaining said article in the plasma for a
5 period of time of approximately 15 to 240 minutes, the
average temperature of the article being in these
conditions between 600 and 1,300 °C. ,
7. Method according to claim 6, characterised in
that the inert gas is argon. | N
10 . 8. Method according to one of claims 6 or 7,
characterised in that the traces of carbon are obtained
from at least one hydrocarbon gas injected into said
vessel, the hydrocarbon gas being selected from methane,
acetylene and ethane or a mixture of these latter.
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