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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention falls within the technical
field of the manufacturing of metal objects.
[0002] In particular, the present invention relates to a
method of manufacturing these objects.

DESCRIPTION OF THE STATE OF THE ART

[0003] Techniques for the manufacturing of metal ob-
jects are broadly used in different fields.
[0004] In particular, reference is made herein to metal
objects like, for example, accessories for bags, shoes
and belts (such as buckles, rings, carabiners, chains, fas-
teners, etc.); eyewear parts (such as temples, bridges,
inserts etc.); zippers; buttons; special watchmaking parts
(such as cases, buckles, bracelet meshes, etc.); custom
jewellery (such as bracelets, rings, earrings, pendants,
etc.); handles (for furniture, doors, refrigerators, etc.);
taps and fittings; gift items (such as trays, vases, goblets,
teapots, milk jugs, etc.); and technical articles (such as
bushings).
[0005] These objects are currently produced using var-
ious techniques, such as cast moulding with silicone
moulds, die casting, hot pressing, machining plates or
blocks, etc.
[0006] They are typically produced using various ma-
terials, such as brass and zama alloys, or an alloy of tin
and bismuth, copper, aluminium, steel, etc.
[0007] In no case, except in the watch industry, are
such objects hollow. Those hollow objects are typically
obtained by mechanical techniques to remove the mate-
rial from a solid piece.
[0008] A first drawback of the above techniques is the
fact that to obtain acceptable workability during the man-
ufacturing of objects it is often necessary to use toxic
materials like lead.
[0009] Another drawback of the above techniques is
the fact that to obtain acceptable workability during the
manufacturing of objects it is often necessary to use ma-
terials with physical and chemical characteristics which
vary over time, as occurs with aluminium for example.
[0010] A further drawback of the above techniques is
the fact that to obtain acceptable workability during the
manufacturing of objects it is often necessary to use ma-
terials with recurrent inherent quality problems, as occurs
for example with the zama alloy which, depending on the
supplier or the cost, has surface and porosity irregulari-
ties that later create problems during galvanizing and fin-
ishing treatments, whether for functional or aesthetic pur-
poses.
[0011] Still another drawback of the above techniques
is the fact that they do not allow for different weights for
an object of the same size, and, in particular, weights
commensurate with the requirements for use of the ob-
ject, such as for the manufacturing of an ornamental pen-

dant with the same aesthetic shape but used for a brace-
let or an earring, where in the latter case it must be lighter.
[0012] A further drawback of the above techniques is
the need to use different materials to obtain, depending
on the final use, different weight characteristics, or even
hardness or resistance to abrasion, corrosion, perspira-
tion, temperature, different environmental conditions,
etc., such as a buckle with the same aesthetic shape but
used in one case for an elegant watch band and for a
sports watch band in the other, in which case it must be
more resistant and able to sustain extreme conditions of
use (for example, sea water, external mechanical forces,
etc.). Another drawback of the above techniques, in par-
ticular when using die-casting or hot pressing technolo-
gies, is the high cost of preparation of the equipment, in
particular the moulds, which makes it economical only
for the manufacturing of objects on a large scale.
[0013] The purpose of the present invention is there-
fore to overcome these drawbacks. In particular, one ob-
ject of the present invention is to produce metal objects
free of toxic substances.
[0014] Another object of the present invention is to pro-
duce a metal object the weight of which can be defined
in advance depending on the intended final use.
[0015] A further object of the present invention is to
produce the same metal object with different weights in
a convenient and easy manner compared to the tech-
niques of the known art.
[0016] Yet another object of the present invention is to
produce a metal object which, although light, provides
the quality and adequate mechanical strength required
for subsequent processing and finishing treatments and
for its intended final use.

SUMMARY OF THE PRESENT INVENTION

[0017] The present invention is based on the general
consideration of manufacturing a metal object by means
of electroforming.
[0018] According to a first embodiment, the present
invention relates to a method of manufacturing a metal
object according to claim 1, namely a method of manu-
facturing a metal object comprising the following steps:

- provide a support element comprising at least a por-
tion of conductive material;

- deposit a layer of a coating material suited to create
the intended metal object
on the aforementioned support element through an
electrochemical process.

[0019] Preferably the covering material is a non-pre-
cious material.
[0020] Advantageously, the non-precious material
comprises bronze.
[0021] In a preferred embodiment the support element
is made of conductive material. In another preferred em-
bodiment the support element comprises non-conductive
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material.
[0022] Conveniently, the method includes a step in
which a conductive material is applied on a support ele-
ment made of non-conductive material.
[0023] Advantageously, the step of applying a conduc-
tive material includes a metallization step.
[0024] Preferably the metallization step comprises a
spraying step.
[0025] In a preferred embodiment of the method, prior
to the step in which the covering material is deposited,
there is a further step for the electrochemical depositing
of a layer of a second conductive material on the support
element suited to increase the conductive capacity of the
support element itself.
[0026] Preferably the support element comprises a
low-melting material.
[0027] In another preferred embodiment the support
element comprises a material of the group comprising:
wax, resin, low-melting alloys, or combinations thereof.
[0028] In a preferred embodiment the method compris-
es an emptying step of the support element after depos-
iting a layer of covering material on the support element
itself through an electrochemical process.
[0029] Advantageously the method comprises, prior to
the emptying step, a drilling step to put the support ele-
ment and the outer environment in communication.
[0030] In a preferred embodiment the emptying step
comprises an emptying step carried out by a thermal
heating process suited to melt the support element.
[0031] In another preferred embodiment the emptying
step comprises an emptying step carried out by chemical
means.
[0032] Preferably, the method comprises an emptying
step of the second conductive material after the emptying
step of the support element.
[0033] Advantageously, the emptying step of the sec-
ond conductive material comprises an emptying step car-
ried out by chemical means.
[0034] Preferably, the support element is made by a
moulding process.
[0035] In a second aspect, the invention relates to a
metal object manufactured with a method as described
above.
[0036] Preferably, this object is an object of the group
comprising: accessories for bags, shoes, belts, such as
buckles, rings, carabiners, chains, fasteners; parts of
eyewear, such as temples, bridges, inserts; zippers; but-
tons; special watchmaking parts, such as cases, buckles,
bracelet meshes; costume jewellery, such as bracelets,
rings, earrings, pendants; handles such as handles for
furniture, doors, refrigerators; taps and fittings; gift items
such as trays, vases, goblets, teapots, milk jugs; and
technical articles, such as bushings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Further advantages, objectives and character-
istics as well as embodiments of the present invention

are defined in the claims and will be further explained by
the following description which makes reference to the
attached drawings. In particular:

- Figs. 1 to 12 show the various steps of an object
manufactured according to a preferred embodiment
of the method of the invention;

- Fig. 13 schematically shows a step of an alternative
embodiment of the method of the invention;

- Fig. 14 shows the steps of a further phase of the
method of the invention;

- Figs. 15 and 16 show two further phases of the meth-
od of the invention.

DETAILED DESCRIPTION OF THE PRESENT INVEN-
TION

[0038] Although the present invention is described be-
low with reference to embodiments represented in the
drawings, the present invention is not limited to the em-
bodiments described below and shown in the drawings.
On the contrary, the embodiments herein described and
shown clarify some aspects of the present invention, the
purpose of which is defined by the claims.
[0039] The present invention has proven particularly
advantageous when applied to hollow non-precious met-
al objects. However, it should be pointed out that the
present invention is not limited to the manufacturing of
hollow metal objects. On the contrary, the present inven-
tion finds application in all those cases foreseeing the
manufacturing of objects including an outer layer of non-
precious metal, as will be explained in more detail below.
[0040] With reference to Figs. 1 to 12 a method of man-
ufacturing a metal object according to a preferred em-
bodiment of the invention is described below.
[0041] The explanation below will refer in particular to
the manufacturing of a belt buckle 1, shown as an exam-
ple in Fig. 12.
[0042] It is clear, however, that the method of the in-
vention can be applied for the production of other objects,
particularly hollow metal objects such as accessories for
bags, shoes and belts (such as buckles, rings, carabin-
ers, chains, fasteners, etc.); eyewear parts (such as tem-
ples, bridges, inserts etc.); zippers; buttons; special
watchmaking parts (such as cases, buckles, bracelet
meshes, etc..); custom jewellery (such as bracelets,
rings, earrings, pendants, etc.); handles (for furniture,
doors, refrigerators, etc.); taps and fittings; gift items
(such as trays, vases, goblets, teapots, milk jugs, etc.);
and technical articles (such as bushings). The first steps
of the method indicated in Figs. 1 to 3 consist of the man-
ufacturing of a prototype 2, shown in Fig. 4, of the buckle
1 to be manufactured.
[0043] The first step of the method involves the use of
a blank piece 3 with appropriate dimensions for the man-
ufacturing of the prototype 2. The blank piece 3 is pref-
erably made of iron. In some alternative embodiments
the blank piece may be made of wax, resin, wood or other
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material suitable for the purpose.
[0044] By appropriate machining of the blank piece 3,
shown schematically in Figs. 2 and 3, prototype 2 is man-
ufactured which substantially reproduces the outer
shape of the buckle 1 to be obtained. This processing
may include, for example, manual processing with tools,
as shown in the figures. In alternative embodiments, how-
ever, prototype 2 could be achieved using any other tech-
nique of a known type, such as for example by rapid
prototyping.
[0045] Preferably the dimensions of prototype 2 are
smaller with respect to the external shape of the object
to obtain, in this case the buckle 1, taking into account
the covering layer which will be subsequently applied dur-
ing the manufacturing process, as better described be-
low.
[0046] Prototype 2 is used for the manufacturing of a
mould 4. The manufacturing of the mould 4, shown in its
entirety in Figs. 9A-9C, is schematically shown in Figs.
5 to 8.
[0047] Prototype 2 is placed between two rubber discs
5 and 6 which are placed together and maintained in this
position by means of suitable locking means.
[0048] The assembly thus formed, shown in Fig. 7, is
placed inside a vulcanizing furnace for a preset time in-
terval and at a given temperature.
[0049] Once the vulcanization process is completed,
the impressions of the desired prototype are created on
the two rubber layers 5 and 6 as shown in Fig. 8, in which
the lower disc 6 advantageously shows multiple impres-
sions of the prototype itself, in this case six units. In this
embodiment the six impressions are equal to each other
for the simultaneous production of six products equal to
each other, in this case six buckles. In alternative em-
bodiments these impressions can be different for the
manufacturing of corresponding different products.
[0050] The other disc 5, the upper one, will be advan-
tageously a mirror image of the lower disc 6.
[0051] The two discs 5, 6 are ultimately the two half-
moulds of the desired mould 4. The method then foresees
a moulding step, shown schematically in Figs. 9A to 9C,
during which a suitable filler material M is injected inside
the two half moulds 5, 6. Preferably, this step takes place
by means of a centrifugal injector in which the fill material
M is injected inside the mould cavity 4 during a simulta-
neous rotation of the two half-moulds 5 and 6, as sche-
matically indicated by the arrow of Fig. 9B.
[0052] The fill material M preferably comprises a low-
melting alloy, consisting for example of a tin-bismuth al-
loy, or wax, resin, etc.
[0053] The low-melting alloy preferably has a melting
temperature between 135°C and 145°C.
[0054] In alternative embodiments this fill material may
be of another type, such as wax, resin, another eutectic
alloy etc.
[0055] At the end of this step, as shown in Fig. 9C, after
the opening of the mould 4, an intermediate product 7 is
obtained, hereinafter referred to as matrix, which has

substantially the final shape of buckle 1, even if of smaller
size, and which is made of the fill material M.
[0056] The following steps of the method described be-
low refer to a matrix 7 made with a conductor fill material
M.
[0057] The case of a matrix 7 made with a non-con-
ductive fill material M, such as resin or wax, will be dis-
cussed later in this description.
[0058] In the following step, as shown in Fig. 10, a plu-
rality of matrices 7 are mounted on a rotating frame 8.
[0059] The frame 8 is a part of an electroforming device
comprising a tank containing a suitable electrolyte solu-
tion in which the matrices 7 held by the frame 8 are im-
mersed.
[0060] The frame 8 imparts a rotation to the matrices
7 around a main axis X as well as advantageously a ro-
tation around the axis Y of each matrix 7. This favours
the electroforming step in the electrolyte solution.
[0061] In fact, the following step includes an electro-
forming step during which a layer of metal material is
deposited by electrodeposition on the matrices 7 im-
mersed in the electrolyte solution.
[0062] The composition of the metal layer depends on
the elements selected and contained in the electrolyte
solution.
[0063] Preferably the electrolyte solution consists of a
solution containing copper and another metal, preferably
tin, to deposit a layer of a bronze alloy on the matrices 7.
[0064] In alternative embodiments the electrolyte so-
lution may contain different elements, such as for exam-
ple, only copper, copper/tin/zinc, copper/zinc, etc., so
that on the outer surface of the matrices a suitable layer
of non-precious metal material is deposited.
[0065] The thickness and distribution of the layer of the
metal covering material will depend on the appropriate
control of the concentrations of the elements contained
in the solution and the control of the duration of the step
in question.
[0066] A typical thickness of the layer of metal covering
material ranges between 50 and 1000 microns.
[0067] Fig. 11 shows the steps of the electroforming
treatment to deposit a bronze metal layer. These steps
include the following operations:

- Electrolytic degreasing (step 100);
- Recovery (step 101);
- Demineralization wash (step 102);
- Neutralization (step 103);
- Demineralization wash (step 104);
- Bronze electroforming (step 105);
- Recovery (step 106);
- Demineralization wash (step 107).

[0068] At the end of the electroforming process a sec-
ond product is obtained, indicated by number 1 in Fig.
12, comprising the matrix 7 and the layer of non-precious
metal covering material, preferably brass.
[0069] In the first embodiment of the invention de-
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scribed herein the manufacturing of the buckle 1 can be
considered complete after the external finishing treat-
ment of the second product 9, as schematically indicated
in Fig. 12 where the second product 9 is polished with a
brushing operation to obtain the buckle 1.
[0070] The external finishing treatment can be per-
formed with any other method of the known type, such
as by tumbling, polishing, electroplating, etc.
[0071] The physical and/or chemical properties of the
buckle 1 of the invention, and in general of any object
obtained by the method according to the present inven-
tion as described heretofore, are advantageously provid-
ed preferably by the metal covering layer obtained during
the electroforming step.
[0072] According to the above description of the meth-
od of manufacturing of the buckle 1, it is clear how easy
it is to modify and/or adapt the physical and/or chemical
characteristics of the manufactured object, through the
adjustment of the relevant parameters of the electrofor-
ming step.
[0073] Therefore, it will be possible to modify the com-
position of the electrolyte solution to decide which type
of metal or particular alloy will compose the covering lay-
er.
[0074] This directly affects the characteristics of the
object, such as its hardness, mechanical strength, gloss-
iness, resistance to scratches, salt corrosion, perspira-
tion, etc.
[0075] Again, it will be possible to modify the duration
of the electroforming step to manage the thickness of the
layer deposited, obtaining the same object with the same
external shape with different desired weights depending
on the particular use of the object.
[0076] In addition, both the physical and/or chemical
characteristics of the final object can be easily estab-
lished during the design phase of the production cycles,
given that the steps, particularly the electroforming, are
controllable in a precise manner.
[0077] Advantageously, again, the manufacturing of
the final object avoids the use of toxic materials unlike
what occurs with the methods of the prior art used to
manufacture objects with similar characteristics and/or
weight.
[0078] With reference to Figs. 13 and 14, further steps
of the method of the invention are described wherein the
matrix 7 is manufactured with a non-conductive fill ma-
terial M, such as resin or wax.
[0079] In this case, the matrix 7 obtained after the
moulding step, that is, after the steps shown in Figs. 9A
to 9C, and before being mounted on the frame 8 for im-
mersion in the electrolyte solution (Fig. 10), is subjected
to a metallization step, schematically indicated in Fig. 13.
It is well known that in order to galvanically deposit a
material on an object, that object must have electrical
conductivity properties.
[0080] The metallization step creates a layer of con-
ductive material above the non-conductive material com-
posing matrix 7. The metallization process is preferably

performed by spraying, as shown in Fig. 13, a conductive
layer preferably made of a material containing micro-par-
ticles of silver, copper or brass.
[0081] The metallization step is advantageously fol-
lowed by a pre-electroforming step. This step takes place
with one or more metallised matrices 7 mounted on a
frame 8, as previously shown in Fig. 10. Before the elec-
troforming step previously described with reference to
Fig. 11, the pre-electroforming step is conducted. The
pre-electroforming step preferably comprises the galvan-
ic deposition of a layer of copper on the outer surface of
the metallised matrix.
[0082] The layer of copper deposited during this step
enables a perfectly smooth and shiny surface to be ob-
tained which is also perfectly conductive from the elec-
trical standpoint. This improves the subsequent electro-
forming step.
[0083] The layer obtained during the pre-electroform-
ing step comprises a thickness ranging preferably be-
tween 50 and 100 microns or even more.
[0084] Fig. 14 shows the steps of the pre-electroform-
ing treatment. These steps include the following opera-
tions:

- Electrolytic degreasing (step 150);
- Recovery (step 151);
- Demineralization wash (step 152).
- Neutralization (step 153);
- Demineralization wash (step 154).
- Acid copper plating (step 155);
- Recovery (step 156);
- Washing (step 157);
- Drying (step 158).

[0085] With reference to Figs. 15 and 16 further steps
of the method of the invention are described below.
[0086] These steps are advantageously carried out on
the second product 9 before the finishing step.
[0087] During such further steps of the method of the
invention, the second product 9 is subjected to an emp-
tying operation.
[0088] An opening is created on product 9 to put its
inner part, consisting of the matrix 7, in communication
with the outer environment. This operation preferably
comprises a drilling with a tool, as shown in Fig. 15.
[0089] In alternative embodiments that drilling can be
carried out using any technique within the reach of the
industry.
[0090] In other embodiments, this step can be omitted
if the second article 9 obtained in the previous steps of
the method already has an open area in which the matrix
7 emerges at the surface.
[0091] Once the opening between the matrix 7 and the
outer environment is available, the matrix 7 of the second
product 9 is subjected to the emptying step.
[0092] Fig. 16 shows an emptying step of the second
product in which the matrix is made of low-melting ma-
terial.
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[0093] It is essentially a thermal emptying.
[0094] The second product 9 is mounted on a rotating
frame 10 inside an emptying furnace 11, closed and kept
at a melting temperature Ts, depending on the type of
low-melting material constituting the core, for example
350°C.
[0095] Preferably a first static heating step is followed
by one or more rotating cycles, or that is, centrifugal cy-
cles, in one direction and then in the opposite direction.
The low-melting material melts and flows out of the open-
ing previously made to then be collected on the bottom
of the furnace in a special collection basin 12. The cen-
trifugal action contributes to the complete emptying of
the low-melting material.
[0096] In an alternative embodiment, the emptying can
take place keeping the second product in a furnace in a
stationary position, static emptying, advantageously at a
melting temperature Ts’ lower than the temperature used
for the centrifugal emptying process above.
[0097] The low-melting material melts and flows out of
the opening previously made by gravity to be collected
in a special basin placed at the bottom of the furnace.
[0098] In a further alternative embodiment, the empty-
ing of the matrix can take place chemically by placing the
second product in tanks containing suitable chemicals
able to react only with the matrix material and leaving the
metal covering layer deposited during the electroforming
step unaltered.
[0099] For example, a solution of ferric chloride can be
used in the case of a matrix made of copper and a metal
covering layer consisting of bronze.
[0100] This process takes place preferably in polypro-
pylene tanks heated with a water bath.
[0101] More preferably, chemical emptying is used in
the emptying process of second products that were sub-
jected to pre-electroforming treatments. In fact, in this
case the layer deposited during that step, for example a
copper layer as previously described, is advantageously
and more effectively removed by chemical means. Even
more preferably, in this case, the emptying may foresee
an initial thermal emptying step for the removal of the
low-melting core followed by a second chemical empty-
ing step for the effective removal of the layer deposited
during the pre-electroformmg step, typically a copper lay-
er.
[0102] Once the emptying step is completed, the final
object is substantially hollow, in this case a hollow buckle,
comprising a metal layer created during the electroform-
ing step.
[0103] The physical and/or chemical characteristics of
the hollow buckle of the invention, and in general of any
hollow object manufactured by the method according to
the present invention, are advantageously provided pref-
erably by the covering metal layer created during the
electroforming step.
[0104] According to the above description of the meth-
od of manufacturing a hollow buckle, it is clear how easy
it is to modify and/or adapt the physical and/or chemical

characteristics of the manufactured object, through the
adjustment of the relevant parameters of the electrofor-
ming step.
[0105] Therefore, it will be possible to modify the com-
position of the electrolyte solution to decide which type
of metal or particular alloy will compose the hollow object
of the invention.
[0106] This directly affects the characteristics of the
object, such as its hardness, mechanical strength, gloss-
iness, resistance to scratches, salt corrosion, perspira-
tion, etc.
[0107] Again, it will be possible to modify the duration
of the electroforming step to manage the thickness of the
deposited layer, obtaining the same object with the same
external shape but different desired weights depending
on the particular use of the object.
[0108] In addition, both the physical and/or chemical
characteristics of the final object can be easily estab-
lished during the design phase of the production cycles,
given that the steps, particularly the electroforming, are
controllable in a precise manner. Advantageously, again,
the manufacturing of the final object avoids the use of
toxic materials unlike what occurs with the methods of
the prior art used to manufacture objects with similar
characteristics and/or weight. Therefore, it is demonstrat-
ed that the present invention described above achieves
the intended objectives. In particular, the present inven-
tion overcomes the problems related to the manufactur-
ing of hollow metal objects with the current state of the
art. While the present invention was described with ref-
erence to particular embodiments of the method shown
in the figures, it should be noted that the present invention
is not limited to the particular embodiments shown and
described above. On the contrary, further embodiments
of the method of manufacturing described fall within the
scope of the present invention, which is defined by the
claims.

Claims

1. Method for making a metal object (1), characterized
in that it comprises the following steps:

- preparing a supporting element (7) comprising
at least one portion of a conductive material;
- depositing a layer of a covering material suited
to obtain said metal object (1) on said supporting
element (7) through an electrochemical proc-
ess.

2. Method according to claim 1), characterized in that
said covering material is a non-precious material.

3. Method according to claim 1), characterized in that
said non-precious material comprises bronze.

4. Method according to claim 1), characterized in that
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said supporting element (7) is made of a conductive
material.

5. Method according to any of the claims from 1) to 3),
characterized in that said supporting element (7)
comprises a non-conductive material.

6. Method according to claim 5), characterized in that
it comprises a step of applying a conductive material
to said supporting element (7) comprising a non-con-
ductive material.

7. Method according to any of the preceding claims,
characterized in that before said step of depositing
said layer of covering material there is a further step
of depositing a layer of a second conductive material
on said supporting element (7) through an electro-
chemical process, said conductive material being
suited to increase the conductive ability of said sup-
porting element (7).

8. Method according to any of the preceding claims,
characterized in that said supporting element (7)
comprises a low-melting material.

9. Method according to any of the preceding claims,
characterized in that it comprises a step in which
said supporting element (7) is emptied, after said
step of deposition of a layer of covering material on
said supporting element (7) through an electrochem-
ical process.

10. Method according to claim 9), characterized in that
said emptying step comprises a step of emptying
through a thermal heating process suited to melt said
supporting element (7).

11. Method according to claim 9), characterized in that
said emptying step comprises a step in which the
emptying operation is performed through a chemical
process.

12. Method according to claim 9) when dependent on
claim 7), characterized in that it comprises a step
of emptying out said second conductive material, af-
ter said step of emptying said supporting element (7).

13. Metal object (1), characterized in that it is obtained
with a method according to any of the preceding
claims.

14. Metal object (1) according to claim 13), character-
ized in that it is an object of the group comprising:
accessories for bags, for shoes, for belts, for exam-
ple buckles, rings, spring catches, chains, closures;
parts of glasses, for example sides, bridges, inserts;
zip fasteners; buttons; components of watches, for
example cases, buckles, bracelet meshes; costume

jewellery, for example bracelets, rings, earrings,
pendants; handles, for example handles for furni-
ture, doors, fridges; taps; gift items, for example
trays, vases, cups, tea pots, milk pots; technical
items, for example bushings.
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