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"TIMEPIECE DIAL"

This invention relates to a timepiece dial and to a
method of making same, and, although not so restricted, it
relates more particularly to a watch dial provided with a
surface design, or one or more letters, symbols, pictures,
marks and the like whose concave and convex portions are
formed in a photosensitive resin layer.

In conventional processes for manufacturing watch or
other timepiece dials, it is difficult or impossible to reduce
manpower by automation or mechanization. Dials, however,
are often produced in small quantities so that the
conventional processes are very costly.

According to the present invention, there is provided
a timepiece dial comprising a photosensitive layer having
2 surface at least part of which is uneven by reason of
having one or more convex or concave portions -and which has
been photopolymerised, and a metal layer which covers at
least the said uneven part.

Preferably the whole of the photosensitive layer

has been photopolymerised. Preferably also the whole
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of the said surface is covered by the said metal layer.

The said uneven part may be formed with at least one
indicium or aperture and/or with a design.

The photosensitive layer is preferably provided
oﬁ a metal base plate and an adhesive agent may be
provided between the metal hase plate and the photosensitive
layer.

The dial preferably comprises a transparent coating layer
which covers at least the said part of the said surface.

Preferably the surface of the transparent coating layer
remote from the sald surface of the photosensitive layer
is printed.

The adhesive agent may be a mixture of a hydrolytic silicon
compound having an ethylene unsaturated substituent group,
hydrolytic tetraalcoxy silane and a catalytic component.
Thus the catalytic component may be tetraalcoxy titanium or
an agqueous acid.

Preferably the.thick:ness of the photosensitive layer
is 8/100mm or more.

The metal layer may comprise an Ni group electroless
plating layer, an electrolytic subplating layer and a final
plating layer.

Preferably, the thickness of the Ni group electroless

plating layer and of the electrolytic subplating layer is in

the range 1,5008 to 3,5008. The said electrolytic subplating

layer may be constituted by a plating of a single metal,
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or may be constituted by an alloy plating of Ni, Co or Fe.

If desired, the colour of said uneven part and the
colour of the metal layer are different from each other.

The transparent coating may be constituted by a layer
not thicker than eoog which is superimposed on said metal
layer. Preferably, the said transparent coating layer is a
film containing at least one hydrolytic silicon compound.

If desired, the photosensitive layer has a part other
than the said uneven part which is provided with a colour
coating or with mat coating.

The invention also comprises a method of making
a timepiece @ial comprising providing a photosensitive
layer with a surface at least part of which is uneven by
reason of having one or more convex or concave portions,
photopolymarising at least the said uneven part, and -
covering at least the said uneven part with a metal layer.

Preferably, the polymerisation is effected by
ultraviolet light.

The ultraviolet light may be directed onto the said
layer by way of a transparent orx semi-transparent mould
which has been used to form the said surface.

The invention is illustrated, merely by way of example,
in the accompanying drawings, in which:-

Figures 1(1) to 1(4) are sectional views illustrating
a conventicnal manufacturing process for producing a butler
finished watch dial,

Figures 2(1) and 2(4) are sectional views illustrating

a conventional manufacturing process for forming a watch
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dial by a face-stamping process,

Figure 3 is a sectional view of a known watch
dial in which letters or other additional parts are
implanted,

Figures 4(1) and 4(2) illustrate a known method of
making a watch dial by ceining,

Figures 5(1) to 5(6) are sectional views illustrating
a first embodiment of a method in accordance with the
present invention for producing a dial of a wrist watch
or other timepiece,

Figures 6(1) to 6(5) illustrate a second embodiment
of a manufacturing method in accordance with this invention,

Figures 7(1) to 7(5) illustrate a third embodiment of a
manufacturing methed in accordance with this invéntion,

Figure 8 is a plan view of a watch dial in accordance
with this invention, and

Figures 9(1) to 9(3) illustrate a process for making
a plastics mould or dile.

There are at present two known methods for forming the
base plate of a watch dial. In one of these methods a
"butler-finished" dial has a hairline design, a radial design
or the like provided on the surface‘of the base plate of the
dial, and in the other of these methods a stamped dial is
formed by a stamping process.

in the said one method, i.e. the butler-finished method,
the external shape of a base plate 1, which may be O.3mm
thick, and a central hole 1a therein are press-cut from a

nickel-copper alloy or other board, as shown in Figure 1(1}.
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Feet 2 are then fixed to the base plate 1 as shown
in Figure 1(2).

There are at present two methods for fixing the
feet 2 to the base plate 1. In cne of these methods for
fixing the feet, silver wax is utilized. The feet 2 are
formed of silver wax which has heen introduced into a
copper pipe. The copper pipe portions of the feat 2 are
temporarily fixed to the base plate 1 by resistance welding,
and the base plate 1 is then kept in a furnace at a
temperature of 800°C for 5 minutes so as to melt the silver
wax in the copper pipe portions. This results in completely
fixing the feet 2 to the base plate 1. As a result of
this method, the base plate does not have any projecting

portion or other deformation of the surface of the base

plate 1 to which the feet 2 are fixed. Howewver, the silver

wax is melted at a high temperature (800°¢), so that the
matérial of the base plate ! is annealed.  For example,
if the base plate ! consists of BS(brass), the Vickers
hardness which was laoﬂv'before it was put in the furnace

decreases to 80Bv, which limits the thickness of the base

plate. A base plate of less thar 30/100 mm thickness cannot be

used in practice. Further, the equipment required for
heating the base plate at a high temperature of 800°C

is large.



10

15

20

23

In the second of the said metheds for fixing the
feet, sharp-pointed feet 2 composed of pure copper are
fixed into the base plate 1 by pressing the feet into
the latter and resistancewelding by passing an electric
current between the base plate 1 and the feet 2. The
sharp-pointed pertions of the feet 2 are fixed by locally
heating, since they have a high resistance. In this method,
heat is generated only at tha sharp-peinted portions. Thus,
the hardness of the base plate 1 is maintained due to the fact
thatithe heating is marely local. However, the pressure which
is applied so as to firmly fix the feet 2 to the base
plate 1! gives rise to projections or other deformations
of those portions of the hase plate 1 which carry the feet
2. That is, projections of 10 to 20 um occur on.the side
of the base plate 1 opposite to the feet 2, which affects
its appearance, and these projections have to be removed
to produce an even surface. After fixing the feet 2 in
position, moreovexr, the surface of the base plate is
polished with a feather cloth to provide it with a specular
surface. This polishing process with a feather cloth, however,
requires high skill. If even a smal; blemish remains after
such polishing, the appearance is badly affected in butler
finishing. Further, when the material of the base plate
has any defects {such as impurities and the lika), a specular

surface cannot be cbtained. Thus, a special material having
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little impurity is required.

The butler design, as shown in Figure 1(3), is
formed by using a special processing machine tool (not shown).
There are ten kinds of butler designs, e.g. a radial design,
a bairline design and the like, for which special processing
machine tools are regquired.

Aftexr that, a honing process is carried out by means
of a special processing machine (net shown). This honing
process is important for determining the texture of the
dial, and a number of different kinds of honing processes
have been used. Surfaces having different textures can, for
example, be formed by wvarious kinds of abrasive grain, and
by varying grain diameter and hening time.

Then plating is carried out, e.g. Ni plating for
a fi;st plating, followed by Ag plating, Au plating and the
like for a final plating. Thus, as shown in Figure 1(4},
the dial is provided with a coating laver 3.

Subsequently lacquer blasting and printing are carried
out so that a print-type dial is completed.

In the case of the stamping method for producing
a dial, a base plate 1 is press-cut so as to stamp out
the raw material intc the form shown in Figure 2(1).

An annealing treatment is then carried out, such
treatment being required to facilitate a subsequent féce-

stamping process.
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After that, as shown in Figure 2(2), a design
is formed on the base plate 1 by a face-stamping process. The
face-stamping process comprises forming a design on the
surface of a metal mould and pressing the latter (at a
pressure of 100 tennes) against the base plate 1 to effect
cold working 90 as to give a desired pattern to the base
plate 1. Since this face-stamping process is carried out by

friction pressing at a pressure of 100 tonnes, very large
and heavy equipment is regquired for processing a small
dial. Next, as shown in Figure 2(3}), a central lole

1a and the extermal shape of the base plate 1 are formed
by press cutting.

Feaet 2 are then fixed to the base plate 1 with silver
wax as shown in Figure 2(4), with the result that fixing
the feet by resistance welding cannot be used. This is
becauss the surface of the base plate 1 has been already
provided with the required design, so that the projecting
portions of the surface cof the base plate, which would arise
from fixing the feet by resistance welding, cannot be
removed.

Subsequently, a plating treatment, a coating to produce
a coating layer 3 as shown in Figure 2(5) and a printing are
carried out so as to produce a printed dial.

As described above, a friction pressing of 100 tonnes is

required for forming a stamped dial, while ten different
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work machines corresponding to the various designs are
required for forming dials provided with butler design
patterns. Further, both of the above-menticned processes
require high skill.

Furthermore, there are two methods for fixing the
feet,that is, by resistance welding and by using silver wax,
which cannct be combined under the Present conditions.

As indicated above, it is technically difficult to
autocmate and provide an assembly line for a method
involving a number of differentmanufacturing processes.

Even if it were possible, a large amount of development
cost and plant investment would be required.

In Figure 3 there is shown a further known printed
dial 1 which may be made by the processes described above,
additional parts 4 such as letters, marks or parts provided
with windows being implanted into the dial. The additional
parts 4 to be implanted have two feet each, and corresponding
holes for these feet are provided in the printed dial. If
a part provided with a window is to be implanted, the dial
is provided with an opening corresponding to the window.

Then the additional parts 4 are finished by caulking
to fix them into the dial blank and the caulking is
reinforced by injecting an adhesive agent.

The majority of such implanted dials are those in

which letters are implanted. Usually the implanted letters
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are as many as 11 or 12 and the cost of the additional
parts is rather high.

The implanting involves many steps, is difficult
to autcmate and requires a mumber of hand operations. Moreover,
implanting by hand is a very delicate operation and the
workmen who perform it must be highly skilled.

Figures 4(1) and 4(2) illustrate a known process
for coining a dial. The same process as explained above in
relation to the printed dial is followed in fixing feet
to the base, providing design, plating and coating.

Then by coining with a press die, the letters are
raised as shown by Figure 4(1).

The raised letters are finished by a diacut, as shown
in Figure 4(2), and the plating and printing on the diacut
surface of the raised letters terminates the whole process
for producing the coined dial, in which the dial and the letters
are integrally formed.

Campared with the implanted dial, the coined dial
does not require high skill in forming letters on a dial
blank.

The coined dial, however, has two major defects:

First, since the production of metal dies for forming
the raised letters is very expensive, ccining is only suitable
where the number of articles to be produced is large.

Secondly, there is a limitation on the variety of designs



10

15

20

25

- 11 -

which can be provided by coining, because, since the dial
and the letters are integral, it is not possible to perform
a diacut finish on letters of complicated designm.

The object of the present invention is therefore
to provide an inexpensive method of manufacturing various
kinds of watch dials in small quantities.

In one embodiment of the present invention, a
pPhotosensitive resin moncmer layer of a predetermined
thickness is therefore inserted between a base plate of a
watch dial and a resin mould provided with the desired
design surface of the watch dial so that the photosensitive
resin moncmer layer is given a dial surface pertions of which

afe convex or concave. The photosensitive resin monomer layer
is then hardened by irradiating its surface with

ultr;violet radiation (UV radiation) which has passed through
the resin mould. After that, by removing the resin mould,

the photosensitive resin layer on which the surface

design of the resin mould has been Printed is formed on a
base plate. Subsequently, a thin metallic layer is formed

on the dial surface of the photosensitive resin layer by

a dry or a wet process, so that a desired wﬁtch dial

is produced.

One of the advantages of watch dials obtained
by the method described in the Previous paragraph is that a

number of different dial surfaces can be produced with
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one apparatus merely by respectively using different resin
moulds. Further, the UV resin can be hardened within a
short time by the use of simpler equipment than that required
for a conventional machining process. Therefore, it is easy
to mechanise and automate the process, and a manufacturing
line wherein respective processes are directly connected

to each other can be achieved. Another advantage is that
the variety of watch dials which can be produced is
increased. That is, by preparing one master, a resin mould
which can be used in the method of the present invention
can be easily produced by casting and subsequent

thermal polymerization, for example. Further, by using the
master repeatedly, a large number of resin moulds can be
produced so that, by using one master repeatedly,a large
nunber of dial display portions can be produced.

As will be appreciated, the cost of making the master is
insignificant, since a large number of watch dials can be
produced by the use of resin moulds produced from one
master. Further, designs can now be obtained which have
not been practicable previously because of the numerous
processes of ths conventional manu:t;a.cturing method used
to make watch dials.

Manufacture of watch dials according to the
present invention will be described in detail hereinafter

merely by way of example.
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Example I

A base plate 10 of 20/100 mm thickness is formed
by stamping out steel material, as shown in Figure 5(1).

In the conventional method of making watch dials,
the material of the base plate is restricted to nickel-copper
alloy and to brass which has been specifically tempered
to improve its characteristics. On the other hand, in
the method of the present invention, the material of the base
plate 10 is not so restricted and many kinds of material
can be used. This greatly reduces the cost of the base plate
10. For instance, nickel-copper alloy used in the
conventional base plate can cost more than three times as
much as steel.

Next, as shown in Figqure 5(2), feet 12 are fixed to the
base plate 10 by resistance welding. When resistance welding,
the surface 10a of the base plate 10 to which the feet 12
are fixed is distorted so that projections of 1/100 to
2/100 mm in thickness can occur in the opposgite surface
10b too. But these distortions are insignificant, since
the layer 15 of a photosensitive resin monomer is formed
on the surface 10b of the base plate 10 in the next
Process, as shown in Figure 5(3). In the conventional method,
when the feet 12 are fixed by resistance welding, the
Projections produced on the base Plate from such resistance

welding must be removed so as to produce an even surface,
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but this is unnecessary in the method of the present
invention. Thus, an adegquate amount of XFP 700
photosensitive resin produced by Asahl Kasei Co. is
applied to the surface 10b of the base plate 10
to form the layer 15 and a transparent or semi-transparent
CR-39 resin mould 14, which is provided with a desired under
surface design having a plurality of convex and concave portions
is placed on top of the layer 15. The thickness of the
photosensitive resin monomer layer 15 may be 5/100 mm,
the layer 15 being inserted between the hase plate 10 and
the resin mould 14 in such a way as to exclude air.
Next, the photosensitive resin monomer layer 15 is
cured by directing ultraviolet radiation (UV radiation)
of 20 mW onto the top surface 14a of the resin mould 14
for 30 seconds so that this radiation passes through the
resin mould 14 and irradiates the upper surface 15a
of the layer 15 whose design depends upon that of the resin
mould 14. The photosensitive resin of the layer 15 is
selected to provide good mould release characteristics
with respect to the resin mould, good adhesive properties
with respect to the base plate 10, good adhesive properties
with respect to a subsequently applied thin metallic layer
16, and chemical resistance to coating solvents used
in a subsequent coating process. The material of the resin
mould 14 is selected to enable the resin mould to be easily

produced (e.g. by coating and thermal polymerization)
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to be resistant to reaction with the photosensitive resin
used, to give good mould release characteristics from the
cured photosensitive resin and to give high transmittance
of the ultraviolet radiation whose wavelength is about
365 nm.

A method of forming the resin mould 14 will now be
described. First, a master is formed of metal, and a casting
resin is cast between the metallic master and a glass plate,
the resin is cured by thermal polymerization and is
subsequently taken off the metallic master and the glass
plate so as to complete the production of the resin mould.
The metallic master can be used repeatedly, and many resin
moulds can be produced from one metallic master. An acrylic
resin suitable for casting, a transparent silicone rubber
resin suitable for casting, as well as CR-39 resin, can
be utilized for the resin mould.

Next, when the resin mould 14 is removed after the layer
15 has been cured by photopolymerisation, the surface 15a
of the photosensitive resin layer 15 is uneven by reason
of having been given the design of the mould surface
of the resin mould 14 as shown in Figure 5(4). The adlierent
properties of the photosensitive resin of the layer 15 with
regspect to the base plate 10 can be improved by adding an
adhesive of good metallic adherence to the photosensitive

resin. In order to improve the adherence further, the
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adhesive of good metallic adherence may be coated onto

the base plate 10 after the feet 12 have been fixed by welding

with the result that the adhesive in a half-cured state
reacts on the photosensitive resin so as to provide adeguate
adhesion strength. After that, ultraviolet radiation of

20 mW and 365 nm is directed onto the surface 15a of

the photosensitive resin for five minutes, so that the
photosensitive resin layer 15 is completely polymerization
cured.

Next, metallizing is carried out on the surface 15a
of the photosensitive resin layer 15 by a wet plating
method or by a dry plating method 30 as to produce the
thin metallic layer 16, as shown in Figure 5(5). In the
case of the wet plating method, an electroless Ni plating
is the most suitable having regard to the appearance of
the plating layer 16 and the adherence of the plating layer
16 to the photosensitive resin layer 15, A preliminary
treatment is carried out prior to such plating, by which
the resin is dispersed in a tin-. chloride solution
(1% solution) for cne minute, washed with water, and
then dispersed in a palladium chloride solution for one
minute, and is subsequently washed with water and dried.

After the above-mentioned preliminary treatment,
the resin which has been so prepared is dispersed in an

electroless Ni-P alley plating S-580 produced by
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Kanizen Co.) at a temperature 50T for one minute. Next,
as Ni-P plating and a final plating (Au-P, Ag-P and so on)
are conducted thereon by an ordinary electrolytic plating
method.

A deposition process and a sputtering process can be

employed as a dry plating process. In particular, a low-

temperature sputtering process is the most suitable for metallizing

the surface of the resin. For instance, in the case of a gilt
coloured metallizing process, Ni of 1000 g is sputtered by a
low temperature sputtering apparatus, and then Au of 500 : tp
1000 3 is sputtered, so that the desired gilt colour can be
obtained depending on the thickness of Au.

After metallizing, the metallic layer 16 is coated with
a transparent coating layer 13, the upper surface of the
transparent coating layer 13'15 printed, and the dial is punched
out so that a printed dial provided with a required surface
design is provided as shown in Figure 5(6).

The above-mentidned example, relates to a printed dial
provided with a surface design having a plurality of both convex
and concave portions. However, a dial having one or more
concave and/or convex portions, and optionally provided with
one or more indicia such as letters, symbols, pictures and
marks and/or with at least one hole or windoﬁ, can be produced

in the same way as that of the above example by forming

a suitable resin mould.
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The method described in Example I has the following
advantages:=-
(L) The amount of both labour and equipment is
reduced and a manufacturing line can be easily established.
{2) A number of different kinds of dials can be
eccnomically produced in small quantities.
(3) No large appaiatus is required.
(4) The time taken to manufacture the dials can be

greatly shortened.

(5) Factory space can be grsatly raduced.
'(6) The variety of design ¢of tha dials can be increased.
{7) Indirect costs can be reduced by simplifying the

manufacturing process.

(8) The method does not reguire special skills.

Example II

Figures 6(1) to 6(5) illustrate a second embodiment

of this invention.
First a transparent film 26 of polyethylene tarephthalate

(PET) resin is put on a mask 25 which has a transparent
part corresponding to the radially inner part of the gial
and a black part corresponding to the periphery thereof,
Then a spacer 27 which is as thick as the dial, is
provided around the periphery of the transparent PET

film 26. An appropriate quantity of a photosensitive
plastics monomer 28 (XFP 700 by Asahi Kasei Co.

Ltd) is applied near to the centre of the PET film 26
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(Figure 6(1)). The photosensitive plastics monomer 28

must not include foams and so it is desirable to effect

a vacuum de-aeration after applying the monomer 28, if possible.
A die 40, formed of a plastics material marketed as CR-39,

is provided with an uneven under surface design 40a incorporating

both convex and concave portions and is also provided with

concave letter mould portions 40b. The die 40 is placed

50 as to sandwich the photosensitive plastics monomer

28 between the die 40 and the PET film 26. At this time,
care must be taken to prevent air from entering between
the PET film 26 and the plastics die 40. To ensure that
alr is excluded it is desirable to place the plastics die
40 in a vacuum of 10-.2 torr.

Then, ultraviolet radiation (UV) having a wavelength
of 350 to 400 nm is applied to the photosensitive monomer
28 frgm the side of the mask 25 so as to harden the
photosensitive monomer 28 (Figure 6(2))}. The photosensitive
moncmer 28 is hardened by less than 5 seconds' application
of UV of 150mW.

The photosensitive plastics material used in this
embod;ent is selected by taking account of factors such
as releaseability from the plastics die 40 which is used,
adhesion properties with respect to a metalizing thin
layer which is to be provided on the photosensitive

plastics material, corrosion resistance with respect to a
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paint solvent in a subsequent process, and so on.

The material of the plastics die 40 is selected with
respect to the ease with which one can form the die 40
(e.g. the applicability of a casting or thermal polymerizing
method to transfer designs from a master by means of which the
CR-39 die 40 is formed), non-reactivity to the used
photosensitive plastics 28, releaseability from the hardened
Photosensitive plastics 29, and so con. Additionally, if
the UV pentiocned in Example III below is used to harden
the photosensitive plastics 28 by application thareto
through the plastics die 40, the material of the die 40
is required to have high ultraviolet light transmittance
for ultraviolet light having a wavelength of 350 to 400nm.

. The method of making the plastics die 40 is explained
with reference to Figures 9(1) to 9(3).

First, as shown in Figures 9(1), a metal magster 41 is
formed having implanted letters 44 or other indicia. The
metal master 41 is equivalent to the desired watch dial and
may be made in a currently used process for making a watch
dial at a very low cost.

Then, as shown in Figura 9(2), a casting plastics
monomer 40c (CR-39) is injected into a space defined by a
spacer 47 which extends between the meatal master 41 and
a glass member 43, and the monocmer is then set hard by
thermal polymerization. After the plastics monomer has been

hardened, the metal master 41 and the glass member 43 are
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removed to obtain the plastics die 40, as shown in Figure
9(3).

The metal master 4! can be used repeatedly so as
to produce a large number of plastics dies from one
master. |

Besides CR-39, a casting type acrylic plastics material,
a transparent silicone rubber plastics material suitable
for casting and the like can alsc be used as the material of
the plastics die 40.

Referring now to Figure 6(3), after the application of
UV is finished, the photosensitive plastics layer is released
from the plastics die 40, and then the photosensitive plastics
moncmer 28 which remains unhardened is removed by washing
with a specific developer which is preferably sodium
borate (Na23407)-

* The surface 29a of the photosensitive plastics layer
29 on which the design is transferred from the plastics
die 40 is metalized by means of a metallic thin layer 31,
as shown in Figure 6(4). This metalization can be effected
either by wet plating or by dry plating. In the case of wet
plating, an electroless Ni plating is the best so far as the
appearance of the plating layer and the adhesiveness between
the plating layer and the photosensitive plasitcs material
is concerneé.

Before plating, a surfac: preparation is preferably

performed including dipping the surface 29a into a stannous
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chloride solution (density: 1%) for one minyte, washing

it with water, dipping it into a palladiumchloride solution
(density: 5% to 10%) for one minuté. and washing it with
water followed by drying.

After the above surface preparation, the material
is plated by dipping it into an electroless Ni-P alloy
(marketed as 5-680 by Cannizen Co) in which it is
maintained at 50°C for one minute. The thus formed Ni-P
layer contains 8wt of P and may be as thick as approximately
500%. The electroless Ni-P plating layer is preferably
as thin as possible, since the thinner the layer, the better
is its adhesion to the photosensitive plastics material.

The most desirable thickness of the electroless Ni-P alloy plate
is between 400 and 600%.

Instead of an electroless Ni-P alloy plating, a
Ni~B alloy plating may be used.

The surface is then subplated with an electrolytic
Ni-series material, which subplating is necessary for the
subsequent final plating with Ag, Au and s0 on. That is,
because of problems with respect to throwing power,
it is almost impossible to provide the final plating
directly on the electroless Ni-series plating. The
reason for this is that an electroless Ni-P alley
plating including P has an electric resistivity ten

times as high as that of an electrolytic Ni plating,
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and that the electroless Ni~P plating is made very thin.
This problem is particularly severe when the final plating
material is Ag.

Furthermore, the material of the electroless subplating
should be unlikely to diffuse into the final plating by
heat. For example, in the case where the final plating is
Ag and the subplating is Cu, Cu diffuses into Ag, resulting
in the discoloration of the Ag plating.

As regards throwing power, the use of a wet bath
is suitable for electrolytic Ni-series plating.

The constituents and conditions of the electrolytic Ni

plating may be as follows:

nickel sulfate hexahydrate 225g/1
nickel chloride hexahydrate 40g/1
boric acid 25g/1
brightener 5g/1
pH 4.3
£luid temperature 50°¢
electric current density 1A/dm2

Under the above conditions, an electrplytic Ni-series
plating may be provided such that the thickness of the plating
layer including the electrolytic Ni-series plating, and the
electroless Ni-series plating is between 1,5003 and 3,500&.
The highest and the lowest ends of the above range are

determined with respect to the adhesion between the
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photosensitive plastics material and the metal f£ilm, and
the throwing power of the final plating, respectively.

In the above description, an electrolytic Ni plating is
refarred to merely by way of example. However, a single
metal plating or an alloy plating of Co or Fe are also
avajilable as the subplating. Moreover, examples of
alloy plating are Ni-Co plating, Fe-Ni plating, Ni-Pd
plating and so on.

A final plating is provided on the electrolytic Ni-series
plating.The material of the final plating is usually selected
from Ag, Au, black nickel and the like and the thickness
thereof is preferably approximately 5008 which allows the
shade of colour to appear effactively. In Figure 6(4},
the plating layer 31 includes thres layers of electroless
Ni deposition, Ni subplating and the final plating.

Finally, painting and printing are provided .and thus
a finished watch dial is obtained as shown in Figure 6(5),
which is provided with a transparent protective layer 12.

Figure 8 is a plan view of the watch dial of Example II.

Example III

Ahother embodiment of this invention is described in detail
below with reference to Figures 7(1) to 7(5).

First, a base plate 5! is formed by punching out a steel
material having a thickness of 20/100mm. In general, an available

material for the base plate 51 is a nickel-copper alloy or
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brass whose quality is specially modified to reduce material
defects. However, it is not necessary to select a substantially
modified material for the base 51 and generally available
materials may also be used. Consequently, the material cost

is largely reduced. For example, if steel is used, the

cost is less than one quarter of that where a nickel-copper alloy
is used.

Then feet 52 are fixed to the base 51 by the resistance
welding method. At this time, the cbverse of the base 51, where
the feet 52 are fixed, is transformed, that is, projections
as high as 1/100 to 2/100mm are produced. However, the projections
do not raise any problem if the thickness of a photosensitive
plastics layer 59 which is to be subsequently formed on the
obverse of the base 51 is more than 8/100mm. Accordingly,
in con;rast to the prior art, an additional process is not
necessary tc remove the projections on the obverse of
the base.

Next, an adhesive agent is applied to the cbverse
of the base plate 51 to improve the adhesion between
the base plate 51 and a photosensitive plastics éuring
layer which is formed in the next process. The used adhesive
agent is an isopropylalcohol sclution confaining 2wt of
methacryloxy propyl trimethoxy silane, 2 wt% of tetramethoxy
silane and lwt% of tetracctyloxy titanium (Ti(OCSHI7)4.

The said adhesive agent is sprayed over the

obverse of the base and is heated
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at a temperature of 150°C for one hour to make a film

of the adhesive agent so that the film is interlocked

with the obverse of the base. In order to improve the

interlock therebetween, it is preferred to roughen

the obverse of the base by giving it a satin finish, for

example. The thickness of the adhesive agent is about 5008.
Of the constituents of the adhesive agent, Y-methacryloxy

propyl trimethoxy silane

CHz = C=-C =~ 0(C32)3 Si(OC33)3

| u
CH3 0
has the function of bonding the adhesive agent to the

photosensitive plasics material. To be more concrete,

v-methacryloxy propyl trimethoxy silane is a hydrolytic

silicon compound having an ethylene unsaturated substituent

group, and the unsaturated group bonds chemically with the
photosensitive monomer by light reaction and so that a strong
adhesion therebetween is achieved. Besides y-methacryloxy
propyl trimethc:xy silane, there can alsc be used other
hydrolytic compounds having ethylene unsaturated substituent
groups such as vinyl triethoxy silane
(CH, = CH - si (00235)3).
Anothexr constituent of the adhesive agent, tetramethoxy

gilane, has the function of bonding the adhesive agent to the

metal base. For that purpose, ancther tetraalcoxy silane
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compound such as tetraethoxy silane or tetrapentpxy
silane is applicable.

The tetraoctyloxy titanium is catalytic through
the hydrolysis of the hydrolytic compound having an
ethylene unsaturated substituent group and a tetraalcoXy
silane compound. For such a catalytic function as above,
a2 tetraalcoxy titanium compound such as tetrabutoxy
titanium or tetrahexyloxy titanium, in addition to
tetracctyloxy titanium, an agquecus acid such as BC1
and a mixture of an agquecus acid and organic catalysts
such as alcohol, ketone or ester are available.

On the adhesive agent coated surface of the base
plate 51 there is applied an appropriate amount of XFP 700
photosensitive plasticé monomer 58 made by Asahi Kasei
Co., Ltd as shown in Figure 7(1). The photosensitive
plastics monomer 58 applied to the base 51 should be
degassed, preferably by vacuum deaeration, the degree of
vacuum being 1072, torr.

Next, a CR-39 plastic material die 60 having a desired
under surface design and depressed figqures is pressed onto
the photosensitive plastics monomer 58 so that the Plastics
die 60 and the base plate 51 sandwich the photosensitive
plastics monomer 58 therebeﬁween so as to maintain
the thickness thereof as 10/100mm. At this time, in order
to prevent air from entering between the base plate 51 and
the plastics die 60, the vacuum deaeration referred to

above 1s performed.
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Then, as illustrated in Figure 7(2), ultraviclet light
(UV) having a wavelength of 350 to 400nm is then directed
onto the upper surface of the plastics die 60 to cure
the photosensitive plastics mﬁbmr. The strength of the
ultraviclet light is 150mW and the ﬁpplication thereof
is for less than 5 seconds. When the photosensitive plastics
is cured, the photosensitive plastics chemically bonds to the
adhesive agent and consequently the photosensitive plastics layer
bonds to the -bau plate through the intermediary of the
adhesive agent.

The photosensitive plastics monomar 58 may be
constituted by the same material as was described above
in Example II.

The mtarial of the plastics die 60 is required to have

a good transmittance for ultraviolet light of a wavelength

of 350 to 400nm in addition to the necessary properties

mentioned in Example II so that the curing of the photosensitive
plastis monomer 58 is achieved by applying ultraviclet
light therato through the plastics dis 68. In this embodiment,
besides CR-39, the casting acrylic resin, a transparent
silicone rubber resin and so on may also be used.

After curing the photosensitive plastics material, the
plasticg die 60 i3 removed and what is equivalent to a
master, in which the photosensitive plastics layer 59 having
an obverse to which the design of the plastics die 60 has been

transferred, is formed on the base plate 51 as shown in Figure
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7(3). The thickness of the photosensitive plastics
layer 59 is 10/100mm.

It should be noted that the thickness of the pPhotosensitive
plastics layer 5% has a great effect on the metal film
which is to be formed thereon in the later process. That 1is,
if the thickness is less than 8/100mm, the metal film partially
blisters and also the quality of the metal material has poor
durability even if the material is satisfactoxy at first.
For example, if it is subjected to a thermal shock of more
than 100°C, the metal film partially blisters. If, however,
the thiciness of the photosensitive layer is greater than
8/100mm, blistering of the metal film is avoided and the
metal film is resistant to thermal shocks of up te
150%¢.

The table below shows the result of an experiment on the
correlation of the thickness of the photosensitive plastics
layer and the incidence of the blistering of the metal
film, the latter camprisin§ an electroless Ni deposit of
up to 5008 in the thickness, an electrolytic Ni subplating
of up to 2,0002 in thickness, a final Ag plating of up to
5008 in thickness, and a coating layer of up to 5008 in

thickness.
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hickness

Incidence
of
~_Blistering

Finished article

Thermal Shock

5/100mn
8/100

20/100

S50%

70%

In the above table, the columns headed "Finished article" and

"Thermal shock" respectiwily show the incidence of blistering

of the metal film at the time when the finished watch dial is

originally manufactured and after a perfect article has been

maintained at a temperature of 150°C for 30 minutes.

Ultravicolet light having a wavelength of 350 to 400nm is

then applied to the photosensitive plastics layer 59 to whose

surface the design has been transferred so as to sufficiently

harden the photosensitive plastics S9.

After hardening, the surface with the transferred design

is metalized.

It is first subjected to a surface treatment to provide

the catalytic nucleus for the electroless Ni deposition by

using a surface treatment solution produced by Hitachi Kasei

Co. as follows. The material is immersed in a 20% BC1 solutien

for the first 2 minutes, and then in a sensitizing aéent
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(AS-101B) for the next 5 minutes, and then after treatment
with an adhesion acceleration agent (ADP-201) for 3 minutes,
it is washad with water again.

After the above surface treatment, the material is
dipped into an electroless Ni-P alloy (S-680 by Cannizen Co.)
at a temperature of 50°C for 1 minute. As a result, an
Ni-P layer whose content of P is 8wts 1s obtained having
a thickness of about 500%.

Then, an electrolytic Ni plating is superimposed on

- the electroless Ni-P layer having a thickness of 2,0002

by using the same plating solution under the same conditions
as described in Example II.

The final plating of Ag is deposited an the

electrolytic plating te a thickness of 5008. 1In Figure

7(4) a plating layer 61 is shown which consists of three
layers, namely an electroless Ni plating layer, a Ni
subplating layer, and a final plating layer of Agq.

On the very top of the so-formed three plating layers,

a transparent protective layer 62 is formed by spraying an
isopropyl alcohol solution containing 2wth _of tetramethoxy

silane and 1wty of tetraoctyloxy titanium Ti (0c 3, ),
and by bheating at a temperature of 150° ¢ for

15 minutes. By the above cperation, a transparent
protective layer having a thickness of 300 to

5008 is formed. This protective layer is so thin that

it does not affect the appearance of the finighed dial.
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Also, the protective layer, which is very dense, prevents
the discoloration of the final plating layer.

The tetramethoxy silane in the above solution is
a hydrolytic organic silicon compound and centributes to
the making of the film dense by being hydrolyzed with a
catalyst of tetraoctyloxy titanium. Cther hydrolytic organic
silicon compounds other then tetramethoxy silane may
also be used.

Usually, in forming the protective layer to prevent
the chemical discoloration of the final plating, there is
a problem that the protective layer may affect the appearance
of the finishea dial. In this embodiment of the present
invention, if the protective layer is thicker than lum,
the thickness of the layer becomes uneven on and arocund the
letters, especially at a convex or concave corner of any
indicator members provided, and consequently the appearance
of the dial suffers. If the protective layer is thinner
than 1um, the unevenness of the thickness is eliminated
but interference colour appears. Accordingly, the protective
layer should be not thicker than 8003, which thickness is
free from interfarence colour and still prevents the
discoloration of the fina) plating. However, the plastics
protective layer used :Ln a known watch dial loses the
ability to prevent the discoloration when the layer is
thinner than 800K and consquently the latter cannot be

used.
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After forming the protective layer, minute scales
and so on are printed on the dial.

Finally, the external periphery of the dial and the
centre hole are punched out and the watch dial of this
embodment is obtained, as shown in Figure 7(5).

The description so far has been concerned with a method
of making a watch dial in which the surface of the
base and the letters (or other indicia) are of the same
color. However, a method in which the colour of the base
and of the letters (or other indicia) is different is described
below.

The same processes as in the above description are
followed until the electrolytic Ni plating is completed.
Before the final plating, an Au plating for colouring the letters
is deposited on the electrolytic Ni plating layer.

‘Then the portions to become the letters are covered
by resists. In order to provide resists in certain places
only,a screen printing method may, for example, be employed.

Next, an Ag plating for colouring the base is deposited.

After chemically separating the resists, a watch dial is
obtained in which the letters are of the colour of Au and the
designed base plate is of the colour of Ag.

The following is a description of a process for
manufacturing a watch dial in which a mat coating or a colour
coating is provided on the part of the dial which is not

provided with the letters (or other indicia).
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After the final plating and the transparent protective
layer have been formed by the steps described in Example
III, the letters (or other indicia) are coated by the
resists.

Then, the desired mat coating or the colour coating
is spread over the whole surface of the watch dial.

By chemically separating the resists by dissolving,
the mat coating or the colour coating on the resists is
removed, and the part of the watch dial which does not
have the uneven portions provided with letters or other
indicia, is provided with the mat coating or the colour
coating.

The finished watch dial can be proved to be free from
1iabilit& to deteriorate in quality by subjecting it to

certain examinations such as a thermal shock test (150° for 30

‘minutes), a thermal cycle test (repetiticn of 60°¢ for 30

minutes and -20°C for 30 minutes) and a fadeometer test
{wet atmosphere 200B). Accordingly, a watch dial in accordance
with this invention is equivalent to a conventional watch

dial both in appearance, guality and functionally.

\AS mentioned above, by forming the uneven portions

.such as the surface design, letters, marks and so on,

all of which are convex and/or concave, by photopolymerization
of the phoﬁosensitive plastics material and then processing

its surface by metal plating, scme of the manufacturing

processes conventionally followed are
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combined into one single process, largely reducing

the number of the manufacturing processes. Also, the

process in accordance with the present invention is very

simple. Thus, by eliminating the troublesome processes

which make the mechanisation and the automation of the
manufacture of watch dials difficult, the present invention
permits automation of watch dial manufacturing with light
equipment and enables a single-line factory system to be realized,
resulting in a substantial reduction of cost.

Moreover, the delivery time for pProducing the finished
watch dial is substantially shortened.

The present invention enables other advantages to be
obtained such as the reduction of factory space, the
reduction of indirect charges as a result of simplification
iﬂ the transportation of products, and the ability to
dispe&se with specially trained workers.

The designs of the watch dials can be easily varied
when using the present invention. In the present invention,
cone master which is equivalent to the degsired watch dial
may be made and with such a master a Plurality of different
Plastics moulds or dies may be formed. By repeatedly using
these plastics moulds many watch dials may be produced.
Since the original master results in the production of a larger
number of watch dials through the use of the said Plastics

moulds, the cost of making the master can be relatively neglected.
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This invention alsc enables certain designs to be
achieved which cannot be obtained in the prior art
because of the limitation of the number of manufacturing
processes.

Furthermore, in the case of the present invention, a
surface design may, for example, be formed by utilizing a

natural material such as a leaf as a master.
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CLAIMS

1, A timepiece Qial comprising a photosensitive
layer having a surface at least part of which is uneven by

reason of having one or more convex or concave portions and

which has been photopolymerised, and a metal ‘layer which covers

at least the said uneven part.

2. A dial as claimed in claim 1 in which the whole

of the photosensitive layer has been photopolymerised.

3. A dial as claimed in claim 1 or 2 in which the
whole of the said surface is covered by the said metal

layer.

4. A dial as claimed in any preceding claim in

. which tha said uneven part is formed with at least one

indicium or aperture and/or with a design.

5. A dial as claimed in any preceding claim in

which the photosensitive layer is provided on a metal

base plate.

6. A dial as claimed in claim 5 in which an

adhesive agent is provided hetween the metal base plate

and the photosensitive layer.

7. A dial as claimed in any preceding claim in

which the dial comprises a transparent coating layer

which covers at least the said part of the said surface.

8. A dial as claimed in claim 7 in which the surface
of the transparent coating layer remote from the said surface

of the photosensitive layer is printed.
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9. A dial as claimed in claim 6 in which the

adhesive agent is a mixture of a hydrolytic silicon
compound having an ethylene unsaturated substituent

group, hydrolytic tetraalcoxy silane and a catalytic
compeonent.

10. A dial as claimed in c¢laim 9 in which the catalytic
component is tetraalcoxy titanium or an agqueous acid.

11. A diaJ. as claimed in any preceding claim in which
the thickness of the photosensitive layer is §/100mm or more.
12. A dial as claimed in any preceding claim in which
said metal layer comprises an Ni group electroless plating
layer, an electrolytic subplating layer and é final

plating layer.

13. A dial as claimed in claim 12 in which the thickness
of the Ni group electroless plating layer and of the
electrolytic subplating layer is in the range 1,5002 to
3,5008. '

14. A dial as claimed in claim 12 or 13 in which said
electrolytic subplating layer is constituted by a plating
of a single metal.

15. A dial as claimed in claim 12 or 13 in

which said eiectrolytic subplating layer is constituted by
an alloy plating of Ni, Co or Fe.

16. A dial as claimed in any preceding claim in

which the colour of said uneven part and the colour of the

metal layer are different from each other.
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17. A dial as claimed in claim 7 in which the transparent
coating layer is cohstituted by a layer not thicker than
8003 which is superimposed on said metal layer.

18. A dial as claimed in claim 17 in which said
transparent coating layer is a film containing at least

one hydrolytic silicon compound.

18. A dial as claimed in any preceding claim in which
the photosensitive layer has a part other than the said
uneven part which is provided with a colour coating or
with a mat coating.

20. A method of making a timepiece dial comprising
providing a photosensitive layer with a surface at least
part of which is uneven by reason of having one or more
convex or concave portions, photopolymerising at least

the said uneven part, and covering at least the said uneven
part with a metal layer.

21 . A method as claimed in claim 20 in which the whole
of the photosensitive layer is photopolymerised.

22, A method as claimed in claim 20 or 21 in which
the whole: of the said surface is covered by the said metal
layer.

23. A methed as claimed in any of claims 20-22 in

which the said uneven part is formed with at least one indicium

or aperture and/or with a design.
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24, A method as claimed in any of claims 20-23 in
which the photosensitive layer is provided on 2 metal
base plate.

25. A method as claimed in any of claims 20-24

in which the polymerisation is effected by ultraviolet
light.

26, A method as claimed in claim 25 in which the
ultraviclet light is directed onto the said layer by

way of a trangparent or semi-transparent mould which has been
used to form the said surface.

27 . A timepiece dial substantially as hereinbefore
described with reference to and as shown in Figures 5-8
of the accompanying drawings.

28. A method of making a timepiece dial substanﬁially

as described in any of Examples I - III.
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