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GOLDEN DPECORATIVE PART AND PROCESS FOR PRODUCING THE SAME

The present invention relates to a golden decorative
part having no danger of causing dermatitis attributed to
allergy to metals, such as contact dermatitis, and tb_a

v

process for producing the same.

Conventionally, the decorative parts, such as a
Qristwatch band and other wristwatch parts, a finger ring,
a neckléce and an earring, have been providéd with a high.
quality appearance and an excellent cprrosion resistance by
composing their outermost layer of a gold coating formed
according to a wet or dry plating process. The respective
outermost layers of such decorative parts are now
increasingly composed of a coating of a gold alloy, such as
gold-nickel and gold-palladium alloys, rather than of that
of pure gold, because the pure gold coating is so soft as
to have less wear resistance, and because the color of the
pﬁ}e gold is not favored due to its extremely deep golden
tone and rather there is an inclination that light golden
color is preferred.

However, in recent years, a marked increase is
observed in the occurrence of allergic dermatitis in which

contact dermatitis is caused by the contact of the skin
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with a decorative part, such as a necklace or an earring,
made of a precious metal. Such allergic dermatitis cases
are reported with respect to almost all types of metals.
Especially, the océurrence of allergic dermatitis
atﬁributed to gold-nickel and gold—palladiﬁm alloys is
described in many teports.

fitanium is a metal for which no allergic dermatitis
case has been repo;ted. However, the employment of
titanium in an ion plating process to form an outermost
coating of the above dédorative part has been accompanied
by drawbacks such that the tone of the resultant gold-
titanium alloy coating is not uniform, and that the coating
becoﬁés blackish. Iron is another metal for thch allergic
dermatitis cases have been extremely rarely reported.
However, the employment of iron in aﬁ ion plating process
to form an outermost coating_of the above decorative part
has also been accompanied by drawbacks such that the tone
of the resultant gold-iron alloy coating is not uniform,
and that the coating becomes blackish. Extensive study has
been made to find what causes such drawbacks. As a result,'
it has been found that titanium and iron are so active that
large amounts- of oxygen, carbon and nitrogen present in an
ion plating apparatus are captured into the coating, and
that the above drawbacks are caused by suchrcapturiné.

As indicated above, there has been a strong demand in
the art for the development of a golden decorative part not

only having no danger of causing allergic dermatitis, such
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as contact dermatitis, even if used in contact with the
skin but also exhibiting a uniform golden tone.

The present invention has been made with a view toward
obviating the above drawbacks of the prior art. Thus it is
an object of thé-present invention to provide a golden
decorétive pért not oniy having no danger of causing
allergic dermatitié, such as contact dermatitis, evenvif

used in contact with the skin but ‘also exhibiting a uniform

golden tone. It is anocther object of the present invention

to provide a process for producing the above golden

decorative part.

According to a first aspect of the present
invention, there is provided a golden decorativé part
comprising a substrate and, formed thereon according to
a dry plating process, an outermost coating, wherein the
outermost.coating comprises 60 to 99 atomic % of gold,
0.5 to 20 atomic % of titanium or iron and 0.5 to 20

atomic % of inevitable ingredients.

A first golden decorative part of the
present invention comprises a substrate and, formed thereon
according to a dry plating process, an outermost coating,

wherein the outermost coating comprises 60 to 99
atomic % of gold, 0.5 to 20 atomic % of titanium or iron
and 0.5 to 20 atomic % of inevitable ingredients.

Further, a second golden decorative part of
the present invention comprises a'éubstrate, a Ti coating

containing inevitable ingredients formed on a surface of
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the substrate in an inert gas other than nitrogen and an
outermost coating formed on the Ti coating-according to a

dry plating process,

wherein the outermost coating comprises 60 to 99
atomic % of gold, 0.5 to 20 atomic % of titanium or -iron
and 0.5 to 20 étomic % of inevitable ingredients.

Still further, a third golden decorative part ¥
of the present invention comprisés a substrate, a
TiN coating formed on a surface of the substrate and an
outermost coating formed on the TiN coating according to a
dry plating prbcess,

wherein the outermost coating comprises 60 to 99
atomic % of gold, 0.5 to 20 atomic % of titanium or iron
and 0.5 to 20 atomic % of inevitable ingredients.

Still further, a fourth golden decorative part
of the present invention comprises a substrate, a

Ti coating containing inevitable ingredients formed on a

surface of the substrate in an inert gas other than

nitrogen, a TiN coating formed on the Ti coating and an
outermost coating formed on the fiN coating according to a
dry plating process,

wherein the outermost coating comprises 60 to 99
atomic % of gold, 0.5 to_20 atomic % of titanium or iron

and 0.5 to 20 atomic % of inevitable ingredients.
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According to a second aspect of the present
invention there is provided a process for producing a
gold decqfative part, comprising forming an outermost.
coating comprising 60 to 99 atomic % of gold, 0.5 to 20
atomic % of titanium or iron and 0.5 to 20 atomic % of
inevitable ingredients on a substrate in an'atmosphéfg
of an inert gas other than nitrogen in a dry plating

apparatus.

A first process for producing a golden decorative part
of the present invention comprises forming an
outermost coating comprising 60 to 99 atomic % of gold, 0.5
to 20 atomic % of titanium or iron and 0.5 to 20 atomic %
of inevitable ingredients on a substrate in an atmosphere
of an inert gas other than nitrogen in a dry plating
apparatus.

Further, a second process for producing a golden
decorative part of the present invention
comprises evaporating titanium in an atmosphere of an inert
gas other than nitrogen in a dry plating apparatus to
ﬁhereby form a Ti coating cdntaining inevitable ihgredients
present in the dry plating apparatus on a substrate,

and subsequently forming an outermost coating
comprising 60 fo 99 atomic % of gold, 0.5 ts 20 atomic % of
titanium or iron and 0.5 to 20 atomic % of inevitable
ingredients on the Ti coating in an atmosphere of an inert

gas other than nitrogen in the dry plating apparatus.
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Still further, a third process for producing a goiden
decorative part of the present irnvention
comprises evaporating titanium in an atmosphere of nitrogen
gas in a dry plating apparatus to thereby form a TiN
coating on a substrate,

and subsequently forming an outermost coating

comprising 60 to 99 atomic % or gold, 0.5 to 20 atomi¢ % of

‘titanium or iron and 0.5 to 20 atomic % of inevitable

ingredients on the TiN coating in an atmosphere of an inert

.gas other than-nitroéen in the dry p;ating apparatus.

Still fﬁrther; a fourth process for producing a golden
decorative part of the present invention
comprises evaporating titanium in an atmosphere of an inert
gas other than nitrogen in a dry plating apparatus to
thereby form a Ti coating containing inevitable ingredients
present.in the dry plating apparatus on a substrate,

subsequently evaporating titanium in an atmosphere of
nitrogen gas in the dry plating apparatus to thereby form a
TiN coating on the Ti coating, and

thereafter forming an outermost coating comprising 60
to 99 atomic % of gold, 0.5 to 20 atomic % of titanium or
iron and 0.5 to 20 atomic % of inevitable ingredients on
the TiN coating in an atmosphere of an inert gas other than

nitrogen in the dry plating apparatus.
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In the present invention, it is preferred thdt the
above TiN coating be disposed just under the outermost
coating of the golden decorative part, and that the Ti

coating be disposed on the substrate.

The inevitable ingredients in this context comprise
at least one member selected from the group consisting
?

of oxygen, carbon and nitrogen.

Hereinbelow, the golden decorative part and the
process for producing the same accordihg to the present
invention will be illustrated, by way of example only.

First, the golden decorative part of.the present
invention will be described in detail.

Essentially, the golden decorative part of the present
invention comprises a substrate and an outermost coating
formed on the substrate by a dry plating process, such as
the vacuum evaporation, sputtering or ion plating process,

which outermost coating comprises (i) gold and (ii)
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titanium or ifon and (iii) inevitable ingredientS'in
specific proportions.

In the golden decorative part of the present
invention, there may be a TiN coating between the substrate
and the outermost coating. Particularly, the golden
decorative part having the TiN coating is excellent ;n the
adhesion of thé outermost coating to the substrate. ¥

Further, in the golden decorétive part of the present
invention, there may be a Ti coating formed in an inert gas
other than nitrogen, such as argon, helium or neon, which
coating contains.inevitable ingredients (nitrdgen, oxygen
and carbon) present in the dry plating apparatus, between
tﬁe gubstrate and the outermost coating, or between the
substrate and the TiN coating.

The material for the substrate for use in the present

invention includes metals, plastics and ceramics, depending

on purposes of the decorative part.

In the golden decorative part of the present
invention, the outermost coating comprises 60 to 99 atomic
%, preferably 81.5 to 96.5 atomi'<.: % and still more preferably 88
to 96.5 atomic % of gold,; 0.5 to 20 atomic %, preferably
2.5 to 7 atomic % and still more preferably 3 to7 atomic % of
titanium or iron; and 0.5 to 20 atomic %, preferably 0.5 to
12 atomic % and still more preferably 0.5 to 5 atomic % of
inevitable ingredients comprised of at least one member
selected from the group consisting of oxygen, carbon and

nitrogen.
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When gOld ki) and titanium or iron (ii) together yith
inevitable ingredients are present in the oOutermost :coating
in the above proportions, the advérse effect of the
inevitable ingrediénts on the tone of the_coating can be
prevented so that a golden decorative part having a uniform
golden tone can be obtained. Especially, the amount of

inevitable ingredients captured into the outermost coating

~is markedly less in the golden dedorative part having the

above Ti coating under the outermost coating than in the
golden decorative part having no Ti coating under the
outermost coating,.because inevitable ingredients present
in the dry plating apparatus are captured into the Ti
coating at the time of the formation of the Ti coating.
Consequently, the tone of the outermost coating becomes
more uniform. The golden tone of each of the golden
decorative part having the outermost coating comprising 88
to 96.5 atomic % of gold, 3 to 7 atomic % of titanium and
0.5 to 5 atomic % of inevitable ingredients and the golden
decorative part having the outermost coating comprising 88
to 96.5 atomic % of gold, 3 to 7 atomic % of iron and 0.5
to 5 atomic % of inevitable ingredients is in the range of
from 1N-14 to 2N-18 in terms of Swiss Gold Plating Color
Standards. Further, the golden decorative part having a
golden tone ranging from 1N-14 to 2N-18 in terms of Swiss
Gold Plating Color Standards has a specular gloss
exhibiting a'golden tone ranging from L*(10.0 - 90.0)

a*(6.0)b*(3.0) to L*(10.0 - 90.0)a*(1.0)b*(15.0). 1In the
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above range, L* represénts lightness index in CIE-197§'
(L*a*b*) color space as defined by Commission
Internationale de l'Eclairage (CIE), and each of a* and b*
represents a chromaticness index. The above golden tone
L*, a* and b* aie measured in accordance with the method
for determining a color bf an object on 0-degree visual
field XYZ system as specified in the CIE Standards, im
which measurement for each speculat gloss test specimen is
conducted by the use of color difference meter SM-2-SCH
(integrating sphere system, measuriﬁg method: reflection,
measuring aperture: 12 mm) manufactured by Suga Shikenki
Co., Ltd.

However, golden decorative parts having respective
outermost coatings which comprise either gold, titanium and
inevitable ingredients or gold, iron and inevitable
ingredients in proportions falling outside the above
ranges, may also exhibit a golden tone ranging from 1N-14
to 2N-18.

The golden decorative part of the present invention
having the outermost coating coﬁbosed of gold, titanium and
inevitable ingredients does not cause allergic dermatitis,
such as contact dermatitis, even if used in contact with
the skin. Further, the golden decorative part of the
present invention having the outermost coating composed of
gold, iron and inevitable ingredients is strikingly less
likely to cause allergic dermatitis, such as contact

dermatitis, even if used in contact with the skin.
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The outermost coating of the golden decorative part of
the present invention generally has a thickness of “rom

0.05 to 0.5 um, preferably from 0.1 to 0.3 um.

The thickness of the TiN coating is in the range of
from 0.i to 10 pum, preferably from 0.1 to 2 um. With
respeét to the Ti coating in which the content of
inevitable ingredients is high, the thickness is in the
range of from 0.1 to 0.5 um, preferably from 0.2 to 0.3 um
or so.

The condition of the surface of the outermost coating
of the golden decorative part of the present invention is

not particularly limited. It may have specular gloss or

. matte finish.

Now, the process for producing the golden decorative
part according to the presenﬁ invention will be described.

. In a first mode, the golden decorative part comprising
the substrate and the outermost coating is produced, for
example, by forming the outermost coating comprising 60 to
99 atomic % of gold, 0.5 to 20 atomic % of titanium or iron
and 0.5 to 20 atomic % of inevitable ingredients on the
substrate in an atmosphere of an inert gas other than
nitrogen, such as argon, helium, neon, etc., in a dry
plating apparatus.

In a second mode, the golden decorative part
comprising the substrate, the Ti coating and the outermost
coating is préduced by evaporating titanium in an

atmosphere of an inert gas other than nitrogen, such as
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argon, helium or necon, in a dry plating apparatus- to
thereby form the Ti coating containing inevitable :
ingredients present in the dry plating apparatus on the
substrate,

and subsequently forming the outermost coating
comprising 60 to 99 atémic % of gold, 0.5 to 20 atomic % of
titanium or iron and 0.5 to 20 atomic % of inevitable,
ingredients on the Ti coating in an atmosphere of an inert
gas other than nitrogen in the dry plating apparatus.

In-a third mode, the golden decorative part comprising

the substrate, the TiN coating and the outermost coating is

-produced by evaporating titanium in an atmosphere of

nitrogen gas'in a dry plating apparatus to thereby form the
TiN coating on the substrate,

and subsequently forming the outermost coating
conmprising 60 to 99 atomic % of gold, 0.5 to 20 atomic % of
titahium or iron and 0.5 to 20 atomic % of inevitable
ingredients on the TiN coating in the dry plating apparatus
in an atmosphere of an inert gas other than nitrogen.

In a fourth mode, the goldén decorative part
comprising the substrate, the Ti coating, the TiN coating
and the outermost coating is produced by evaporating
titanium in an atmosphere of an inert gas other than
nitrogen in 'a dry plating apparatus to theféby form the Ti
coating containing inevitable ingredients present in the

dry pléting apparatus on the substrate,
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subsequently evaporating titanium in ‘an atmosphere of

‘nitrogen gas in the dry plating apparatus to therek; form

the TiN coéting on the Ti coating, and

thereafter forming the outermost coating comprising 60
to 99 atomic % of gold, 0.5 to 20 atomic % of titanium or
iron.and O.S to 20 atomic % of inevitablé ingredients on
the TiN coating in the dry plating apparatus in an v
atmosphere of an inert gas other tﬁan nitrogen.

In the present invention, the outermost coating may be
formed by any one selected from sputtgring, vacuum

evaporation and ion plating processes. Of these, the ion

plating process is preferred.

Below, the formation of each coating especially the
outermost coating of the golden decorative part of the
preéent invention according to the ion plating process will
be illustrated.

it is preferred that the substrate, such as a
wristwatch band, be previously washed with an organic
solvent, etc. The interior of the ion plating apparatus is
evacuated to a pressﬁre of from 5 x 10-5 to 1.6 x 10-6
Torr, preferably from 1.0 x 1075 to 1.0 x 10~® Torr, and
subsequently an atmosphere gas is introduced thereinto to a
pressure of from.8 x 1074 to 5 x 103 Torr, preferably from
1.0 x 1073 to 3:0 x 1073 Torr.

The lower the pressure of the interior of the ion
plating apparatus before the formation of the coating, the

more effectively can the outermost coating having a uniform
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. golden tone be obtained. It is preferred that an-

evacuation be performed to a pressure of.l x 1075 Turr or
less, preferably 1 x 1076 Torr or less.

This is because as the pressure of the ion plating
apparatus becomes lower, the amount of the inevitable
ingredients present in the apparatus is decreased, so that
the golden tone becomes uniform. ';

In the present-invention, the.forﬁation of the TiN
coating is preferred from the Qiewpoint that a desired
adhesion is ensured between the outermost coating of gold-
titanium alloy of the outermost coating of gold-iron alloy
and the substrate. However, the TiN coating may be
replaced by a golden color nitride coating, such as a ZrN
or HfN coating.

An evaporation source composed of a mixture of gold
and titanium or a mixture of gold and iron may be used- in
the present invention. Alternatively, two evaporation
sources, i.e., one composed of gold and the other compdsed
of titanium or iron, are disposed to carry out separate
evaporations of gold and titanidﬁ or iron.

When an evaporation source composed of a mixture of
gold and titanium ié used in the present invention, the
titanium and the gold are employed in proportions such that
the resultant outermost coating'comprises 60 to 99 atomic %
of gold and 0.5 to 20 atomic % of titanium. In particular,

a gold-titanium mixture (gold-titanium alloy) composed of
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SO to 70 atomic % of gold and 30 to 50 atomic % of titanium
is preferably employed.

When an evaporation source coﬁposed of a mixture of
gold and iron is used in the present invention, the iron
and the gold are employed in préportions such that the
resultant outermostlcoéting comprises 6O to 99 atomic % of
gold and 0.5 to 20 atomic % of iron...In particular, a

gold-iron mixture (gold-iron alloy) composed of 75 to 90

" atomic % of gold and 10 to 25 atomic % of iron is

preferably employed.

The tone of the outermost coating of the obtained
golden decorative part can easily be controlled by
controlling the propdrtion of gold to titanium or iron in

the evaporation source as mentioned above.

The golden decorative part of the present invention
having an outermost coating comprising gold, titanium and
inevitable ingredients does not cause allergic dermatitis,
such as contact dermatitis, even if used in contact with
the skin, and exhibits a uniform golden tone. Further, the
golden decorative part of the present_invention.having an
outermost coating comprising gold, iron and inevitable
ingredients is strikingly less likely to cause allergic
dermatitis, such as contact dermatitis, even if used in
contact with the skin, and exhibits a uniform golden tone.

The golden decorative part having a Ti coating under the
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outermost coating of gold-titanium alloy or the ou;ermpst
coating of gold-iron alloy exhibits an espécially u.iiform
golden tone. In the golden decorative part having a TiN
coating, the adhesion of the outermost coating to the
substrate is excellent. Of various dry plating processes,

the ion plating process is preferred from the viewpoint

that the golden decorative part having the outermost 5

coating formed by the ion plating process has excellent
wear resistance.

The above advantageous golden decorative part is
produced by the process for producing a golden decorative
part according to the present invention.

Hereinbelow, the present invention will be described
with reference to the following Examples, which should not
be construed as limiting the scope of the invention.
Example 1

A wristwatch case obtained by planishing stainless
steel so as to provide a surface having a specular gloss
was washed with an organic solvent. The washed wristwatch
case was disposed in an ion plaﬁing apparatus.

Subsequently, the interior of the apparatus was
evacuated to a pressure of 1.0 x 10~3 Torr, and argon gas
was introduced thereinto to a pressure of 3.0 x 103 Tofr.
Then, a thermionic filament and a plasma eIéctrode arranged
in the apparatus were operated to generate argon plasma.

Simultaneously, a voltage of -50 V was applied to the
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wristwatch case as a substrate, and bombardment cleaning
was performed for 10 min.

The introduction of argon gas was halted; and ﬁitrogen
gas was introduced into the apparatﬁs to a pressure of 2.0
x 1073 Torr.

A plasma gdn disposed in the apparatus was operated to
generate plasmé, and titanium was evaporated for 10 min,
thereby fo;ming a TiN coating having a thickness of 0;5 Hm.

Thereafter, the evaporation of titaniﬁm and the
introduction of nitrogen gaé were halted, and the interior
of the apparatus was evacuated to a pressure of 1.0 x 10-5
Torr.

Then, argon gas was introduced into the apparatus to a
pressure of 1.0 x 10-3 Torr, and plasma was generated. A
gold-titanium mixture composed of 50 atomic % of gold and
50 atomic % of titanium was evaporated until a gold-
titanium alloy coating having a thickness of 0.3 um was
formed.

The thus obtained wristwatch case exhibited a uniform
golden tone. This golden tone was found to be 1N-14 in
terms of Swiss Gold Plating Color Standards. Further, the
golden tone of the wristwatch case was L*20, a*1.0 and
b*15.0. |

The outermost coating of the obtained wristwatch case
was analyzed by X-ray photoelectron spectroscopy, and it

was found that the outermost coating was composed of 82
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atomic % of gold, 6 atomic % of titanium, 1 atomic % of
nitrogen, 4 atomic % of oxygen and 7 atomic % of ca—bon.
This wristwatch case was assembled with other
wristwatch parts to obtain a wristwatch. This wristwatch
was worn for 90 days, precisely for a total of 1080 hours,

but allergic dermatitis did not occur at all.

Example 2

A wristwatch.case-obtained by planishing stainless
stgel was Qashed with an organic solvent. The washed
wristwatch case was disposed in an ioﬁ plating apparatus.

Subsequently, the interior of the apparatus was
evacuated'to a pressure of 1.0 x 10-5 Torr, and argon gas
was introduced thereinto to a pressure of 3.0 x 10-3 Torr.

Then, a thermionic filament and a plasma electrode
arranged in the apparatus were operated to generate argon
plasma. Simultaneously, a voltage of -50 V was appligd to
the wristwatch case as a substrate, and bombardment
cleaning was pérformed for 10 min.

The introduction of argon gés was halted, and nitrogen
gas was introduced into the apparatus to a pressure of 2.0
x 1073 Torr.

A plasma gun disposed in the apparatus was operated to
generate plasma, and titanium was evaporated for 10 min,
thereby forming a TiN coating having a thickness of 0.5 pm.

Thereafter, the evaporation of titanium and the

introduction of nitrogen gas were halted, and the interior
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of the apparatus was evacuated to a pressure of 1:0 x }0‘5
Torr.

Then, argon gas was introduced into the apparatus to a
pressure of 1.0 x_lO‘3 Torr, and plasma was generated. A
goid—iron mixture composed of 75 atomic % of gold and 25

atomic % of iron was evaporated until a gold-iron alloy.
coating having a thickness of 0.3 um was formed. “;
The thus obtained wfistwatch case exhibited a uniform
golden tone. This golden tone was found to be 1N-14 in
terms of Swiss Gold Plating Color Standards. Further, the
golden tone_of the wristwatch was L*20, a*1.0 and b*15.0.
The oatermost coating of the obtained wristwatch case
was analyzed by X-ray photoelectron spectroscopy, and it
was found that the outermost coating was composed of 85
atomic % of gold; 8 atomic % of iron, 1 atomic % of
nitrogen, 3 atomic % of oxygen and 3 atomic % of carbon.
This wristwatch case was assembled with other

wristwatch parts to obtain a wristwatch. This wristwatch

was worn for 90 days, precisely for a total of 1080 hours,

‘but allérgic dermatitis did not occur at all.

Example 3

A wristwatch case obtained by planishing stainless
steel so as to provide a surface having a specular gloss
was washed with an organic solvent. The washed wristwatch

case was disposed in an ion plating apparatus.
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‘Subsequently, the interior of the apparatus was
evacuated to'é preséure of 1.0 x 1073 Torr, and arg.n gas
was introduced thereinto to a pressure of 3.0 x 103 Torr.

Then, a thermionic filament and a plasma electrode
arranged in the apparatus were operated to generate argon
plasma. Simultaneously, a voltage of -50 V was applied.to

the wristwatch case as a substrate, and bombardment =%

~cleaning was performed for 10 min.

A plasma gun disposed in the apparatus was operated to
generate plasma, and titanium was evaporated for 5 min,
thereby forming a Ti coating having a thickness of 0.25 um
on the surface of the wristwatch case. The interior of the
apparatus was evacuated to a pressure of 1.0 x 107> Torr.
The Ti coating contained minute amounts of nitrogen, oxygen
and carbon.

Thereafter, nitrogen gas was introduced into the -
apparatus to a pressure of 2.0 x 103 Torr, and ﬁhe plaSma
gun disposed in the apparatus was operéfed to generate

plasma. Titanium was evaporated for 10 min to thereby form

a TiN coating having a thickness of 0.5 Um on the surface
of the Ti coating.

Then, argon gas was introduced into the apparatus to a
pressure of 1.0 x 10~3 Torr, and plasma was generated. A
gold-titanium mixture comﬁosed of 50 atomié& % of gold and

50 atomic % of titanium was evaporated until a gold-

titanium alloy coating having a thickness of 0.3 um was

formed.
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The thus obtained wristwatch case exhibited a_uniﬁorm
golden tone. This golden tone was found to be 1IN-1% in
terms of Swiss Gold Plating Color Standards. Further, the
golden tone of the wristwatch was L*80, a*1.0 and b*15.0.

The outermoét coating of the obtained wristwatch case
was analyzed by-x—ray phétoelectron spectroscopy, and it
was found that the outermost coating was composed of.és
atomic % of gold, 6.5 atomic % of ﬁitanium, 0.5 atomic % of
nitrogen, 2 atomic % of oxygen and 3 atomic % of carbon.

This wristwatch case was assembled with other
wristwatch parts to obtain a wristwatch. This wristwatch
was worn for 90 days, precisely for a total of 1080 hours,

but allergic dermatitis did not oc¢cur at all.

xanmple 4

A wristwatch case obtained by planishing stainless
steel so as to provide a surface having a specular gloss
was washed with an organic solvent. The washed wristwatch
case was dispoSed in an ion plating apparatus.

Subsequently, the interior of the apparatus was
evacuated to a pressure of 1.0 x 10-5 Torr, and argon gas
was introduced thereinto to a pressure of 3.0 x 10~3 Torr.

Then, a thermionic filament and a plasma electrode
arranged in thée apparatus were operated to generate argon
plasma. Simultaneously, a voltage of ~50 V was applied to
the wristwatch case as é substrate, and mebardment

cleaning was performed for 10 min.
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A plasma gun disposed in the apparatus was opgra;gd to
generate plasma, and titanium was evaporated for S ain,
thereby forming a Ti coating having a thickness of 0.25 gm
on the surface of the wristwatch case. The interior of the
apparatus was evacuated to a pressure of 1.0 x 1073 Torr. .
The Ti coating contained minute amounts of nitfogen, oxygen
and carxbon. -s

.Thereafter, nitrogen gas was introduced into the
apparatus to a pressure of 2.0 x 10~3 Torr, and the plasma
gun dis?osed in the apparatus was operated to generate
plasma. Titanium was evaporated for 10 min to thereby fofm
a TiN coétiﬁg having a thickness of 0.5 lm on the surface
of the'Ti coating.

The evaporation of titanium and the introduction of
nitrogen gas were halted, and the interior of the apparatus
was evacuated to a pressure of 1.0 x 103 Torr.

Then, argon gas was introduced into the apparatus to a
pressure of 1.0 x 1073 Torr, and plasma was generated. A
gold-iron mixture composed of 75 atomic % of gold and 25
atomic % of iron was evaporated'ﬁntil a gold-iron alloy
coating having a thickness of 0.3 pm was formed.

The thus obtained wristwatch case exhibited a uniform
golden tone. This gélden tone was found to be 1N-14 in
terms of Swiss Gold Plating Color Standards. Further, the
golden tone of the wristwatch was L*80, a*1.0 and b*15.0.

The outermost coating of the obtained wristwatch case

was analyzed by X-ray photoelectron spectroscopy, and it



o

10

15

20

23

was found that the outermost coating was composed qf 87
atomic % of gold, 8.5 atomic % of iron, 0.5-atomic 3 of
nitrogen, 1.5 atomic % of oxygen and 2.5 atomic % of
carbon.

This wristwatch case was assembled with other
wristwatch parts to obtain a wristwatch. This wristwatch
was worn for 90 days, precisely for a total of 1080 ﬁoyrs,

but allergic dermatitis did not occur at all.

Example 5

A wristwatch case obtained by planishing stainless
steel so as to provide a surface having a specular gloss
was washed with an organic solvent. The waéhed wristwatch
case was disposed in an ion plating apparatué.

Subsequently, the interior of the apparatus was
evacuated to a pressure of 1.0 x 1075 Torr, and argon gas
was introduced thereinto to a pressure of 3.0 x 1073 Torr.

Then, a thermionic filament and a plasmé electrode
arranged in the apparatus were operated to generate argon
plasma. Simultaneously, a voltage of -50 V was applied to
the wristwatch case as a substrate, and bombardment
cleaning was performed for 10 min.

A plasma gun disposed in the apparatus was operated to
generate plasma, and titanium was evaporated for 5 min,
thereby forming a Ti coating having a thickness of 0.25 um
on the surface of the wristwatch case. The interior of the

apparatus was evacuated to a pressure of 1.0 x 10-5 Torr.
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The Ti coating contained minute amounts of.nitrogen, oxygen
and carbon. ' ) B

Then, argon gas was introduced into the apparatus to a

pressure of 1.0 x 10-3 Torr, and plasma was generated. A

gold-titanium mixture composed of 70 atomic % of gold and
30 atomic % of titanium was evaporated until a gold-
titanium ailoy coating having a thickness of 0.3 um Qés
formed.

The thus obtained wristwatch case exhibited a uniform
golden tone. This-golden_tone was found to be 2N-18 in
terms of Swiss Gold Plating Color Standards. Further, the
golden tone of the wristwatch was ﬁ*GO, a*6.0 and b*3.0.

The outermost coating of the obtained wristwatch case
was analyzed by X-ray photoelectron spectroscopy, and if
was found that the outermost coatiné was composed of 91
atomic % of gold, 2.5 atomic % of titanium, 0.5 atomic- % of
nitrogen, 2.5 atomic % of oxygen and 3.5 atomic % of
carbon. | |

This wristwatch case was assembled with other
wristwatch parts to obtain a wristwatch. This wristwatch
was worn for 90 days, precisely for a total of 1080 hours,

but allergic dermatitis did not occur at all.

Example 6
A wristwatch case obtained by planishing stainless

steel so as to provide a surface having a specular gloss
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was washed with an organic solvént. The washed w;istwatch
case was disposed in an ion plating apparatus. 3 |
Subsequently, the interior of the apparatus was
evacuated to a pressure of 1.0 x 1073 Torr, and argon gas
was introduced thereinto to a pressure of 1.0 x 103 Torr.
Then, a thermionic filament and a plasma electrode
arranged in the apparatus were operated to generate.axgon

plasma. Simultanéously, a voltage of -50 V was applied to

the wfistwatch case as a substrate, and bombardment

cléaning was performed.for 10 min.

A plasma gun disposed in the apparatus was operated to
generate plasma, and titanium was evaporated for 5 min,
théreby forming a Ti coating having a thickness of 0.25 um
on the surface of the wristwatch case. The interior of the
apparatus was evacuated to a pressure of 1.0 x 105 Torr.
The Ti coating contained minute amounts of nitrogen, oxygen
and carbon. |

Then, argon gas was introduced intQ the apparatus to a
pressure of 1.0 x 1073 Torr, and plasma was generated. A
gold—-iron mixture composed of 90 atomic % of gold and 10
atomic % of iron was evaporated until a gold-iron alloy
coating having a thickness of 0.3 pm was formed.

The thus obtained wristwatch case exhibited é uniform
golden tone. ' 'This golden tone was found tc be 2N-18 in
terms of Swiss Gold Plating Color Standards. Furtherxr, the

golden tone of the wristwatch was L*60, a*6.0 and b*3.0.
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The dutermOst'coatinQ of the obtained-wristwa;ch case
was analyzed by X-ray photoelectron spectroscopy, aad it
was fqund that the outermost coating was composed of 91
atomic % of gold, 3.5 atomic % of iron, 0.5 atomic % of
nitrogen, 2 atomic $ of oxygen and 3 atomic % of carbon.

This wristwatch case was assembled with other
wristwatch parts to obtéin a wristwatch. This wrist;atch
was worn_for 90 days, precisely for a total of'1080 hours,

but allergic dermatitis did not occur at all.

Exgﬁplg 7

A wristwatch case obtained'by planishing stainless
steel so as to provide a surface having a specular gloss
was washed with an organic solvent. The washed wristwatch
case was disposed in an ion plating apparatus.

Subsequently, the interior of the apparatus was
evacuated to a pressure of 1.0 x 10-% Torr, and argon gas
was introduced thereinto to a pressure of 3.0 x 103 Torr.

Then, a thermionic filament and a plasma electrode
arranged in the apparatus were dberated to generate argon
plasma. Simultaneously, a voltage of -50 V was applied to
the wrisﬁwatch case as a substrate, and bombardment
cleaning was performed for 10 min.

A plasma gun disposed in the apparatus” was operated to
generate plasma, and titanium was evaporated for 5 min,

thereby forming a Ti coating having a thickness of 0.25 um

on the surface of the wristwatch case. The interior of the
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apparatus waé_evacuated to a pressure of 1.0 x 1075 Torr.
The Ti coating contained minute amounts of ‘nitrogen;: onygen
and carbon.

Thereafter, nitrogen gas was introduced into the
apparatus to a pressure of 2.0 x 10-3 Torr, and the plasma
gun disposed in the apparatus was operated to generate
plasma. Titanium was evaporated for 10 min to thereby form
a TiN coating having a thickness of 0.5 um on the surface
of the Ti coating.

Then, argon gas was introduced into the apparatus to a
pressure of 1.0 x 103 Torr, and plasma was generated. A
gold-titanium mixture composed of S50 atomic % of gold and

50 atomic % of titanium was evaporated until a gold-

titanium alloy coating having a thickness of 0.3 Um was

formed.

The thus obtained wristwatch case exhibited a uniform
golden tone. This golden tone was,found to be 1N-14 in
terms of Swiss Gold Plating Color Stendards. Further, the
golden tone of the wristwatch was L*85, a*l. 0 and b*15.0.

The outermost coating of the obtained wrlstwatch case
was analyzed by X-ray photoelectron spectroscopy, and it -
was found that the outermost coating was composed of 89
atomic % of gold( 7.0 atomic % of titanium, 0.5 atomic % of
nitrogen, 1.5 atomic % of oxygen and 2 atomic % of carbon.

This wristwatch case was assembled with other

wristwatch parts to obtain a wristwatch. This wristwatch
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was worn for'96 &ays, precisely for a total of 1080 hours,

but allergic dermatitis did not occur at all.

-
.

‘Example 8

A wristwatch case obtained by planishing stainless
steel so as to provide a surface having a specular gloss
was washéd with an organic solvent. The washed wrisf&gtch
case was disposed in .an ion plating.apparatus. |

Subsequently, ;he inte;ior of the apparatus was
evacuated to a pressure of 1.0 x 10~¢ Torr, and argon gas
was introduced thereinto to a bressure of 1.0 x 1073 Torr.

Then, a thermionic filament and a plasma electrode

- arranged in the apparatus were operated to generate argon

plasma. Simultaneously, a voltage of -50 V was applied to
the wristwatch case as a substrate, and bombardment
cleaning was performed for 10 min.

A plasma gun disposed in the apparatus was operated to
generate plasma, and titanium was evaporated for 5 nin, ‘
thereby forming a Ti coating having a thickness of 0.25 um
on the surface of the wristwatch case. The interior of the
apparatus was evacuated to a pressure of 1.0 x 10’5 Torr.
The Ti coating contained minute amounts of nitrogen, oxygen
and carbon.

Then, argon gas was introduced into the- apparatus to a
pressure of 1.0 x 103 Torr, and plasma was generated. A

gold-iron mixture composed of 90 atomic % of gold and 10



10

15

29

atomic % of'igé; was evaporated until a gold—iron-glloy
coating having a thickness of 0.3 gm was formed. - .
The thus obtained wristwatch case exhibited a uniform
golden tone. This golden tone was found to be 2N-18 in
terms of Swiss Gold Plating Color Standards. Further, the
golden tone of the wristwatch was L*70; a*6.0 and 5*3.0.
The outermost ¢dating of the obtained wristwatqg;case
was analyzed bﬁ X-ray photoelectron speétroscopy, and it.
was found that the outermost coating was composed of 92
atomic % of gold, 4 atomic % of iron, 0.5 atomic % of
nitrogen, 1.5 atomic % of oxygen and 2 atomic % of carbon.
This wristwatch case wés assembled.with other
wristwatch parts to obtain a wristwatch. This wristwatch
was worn for 90 days, precisely for a total of 1080 hours,

but allergic dermatitis did not occur at all.
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Claims:

1. A golden decorative part comﬁrising é substrate
and, formed thereon according to a dry plating process,
an outermost coating,

wherein the outermost coating comprises 60 to 99
atomic % of gold, 0.5 to 20 atomic % of titanium or iron
and 0.5 to 20 atomic % of inevitable ingredients.

2. A golden decorative part as claimed in é&aim 1,
in.which a Ti coating is formed on a surface of the
substrate in an inert gas other than nitrogen, the Ti
coating containing inevitable ingredients, and said
outermost coating is formed on the Ti coating according
to a dry plating process.

3. A golden decorative part as claimed in.claim.l,
in which a TiN coating is formed on a surface of the
substr;te and said outermost coating is formed on the
TiN coating according to a dry plating process.

4. A golden decorative part as claimed in claim 1,
in which a Ti coating containing said inevitable
ingredients is formed on a surface of the substrate in
an inert gas other than nitrogen, a TiN coating is
formed on the Ti coating and said outermost coating is
formed on the TiN coating according to a dry plating
process.

5. The golden decorative part as claimed in any one of
claims 1 to 4, wherein the outermost coating is formed

according to the ion plating process.
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6. A process for producing a golden decorative part,
comprising forming an outermost coating comprising 60 to 99
atomic % of gold, 0.5 to 20 atomic %

5 of titanium or iron

and 0.5 to 20 atomic % of inevitable ingredients on a

substrate in an atmosphere of an inert gas other than
nitrogen in a dry plating apparatus. .
¥

7. A process for producing a golden decorative
part as claimed in claim 6, further comprising
Ievaporating titanium in an atomosphere of an inert gas
other than nitrogen in a dry plating apparatus to
thereby form a Ti coating containing inevitable
ingredients present in the dry plating apparatus on a
substrate, |

and subsequently forming said outermost coating on
the Ti coating in an atmosphere of an inert gaé other
than nitrogen in the dry plating apparatus.

8. A process for producing a golden decorative
part as claimed in claim 6, further comprising
evaporating titanium in an atmosphere of nitrogen gas in
a dry plating apparatus to thereby form a TiN coating on
a substrate,
| and subsequently forming said outermost coating on
the TiN coating in an atmosphere of an inert gas other
than nitrogen in the dry plating apparatus.

9. A process for producing a golden decorative

part as claimed in claim 6, further comprising
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evaporating titanium in an atmospheremof an inert'gas
other than nitrogen in a dry plating apparatus to
thereby form a Ti coating containing inevitable
ingredients present in the dry plating apparatus on a
substrate,

subsequently evaporating titanium in an atmosphere
of nitrogen gas in the dry plating apparatus to ghereby.
form a TiN coating on the Ti coating, and

thereafter forming said outermost coating on the
TiN coating in an atmosphere of an inert gas other than

nitrogen in the dry plating apparatus.



