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(54) DEVICE AND METHOD FOR ELECTROPOLISHING BY MEANS OF A CONDUCTIVE SURFACE

(57) Disclosed is a device for electropolishing by
bringing a conductive surface (1) into contact with a metal
piece (2) to be polished by producing relative movement
between the conductive surface (1) and the metal piece
(2) to be polished, wherein the piece (2) is connected to
a power source (3) and the conductive surface (1) is con-
nected to an electrode (4). Also disclosed is a method
for electropolishing by means of a conductive surface,
which comprises the following steps: a step of polishing,
wherein the conductive surface (1) is brought into contact
with the metal piece (2) to be polished by producing rel-
ative movement between the conductive surface (1) and
the metal piece (2) to be polished, the piece (2) being
connected to the power source (3) and the conductive
surface (1) being connected to the electrode (4); and a
step of regenerating or replacing the conductive surface
(1), wherein the conductive surface (1) that was in contact
with the piece in the previous step of polishing, is regen-
erated or replaced, so that the conductive surface main-
tains sufficient conductivity during the polishing step.
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Description

OBJECT OF THE INVENTION

[0001] As expressed in the title of the present specifi-
cation, the invention relates to a device and a method for
electropolishing by means of a conductive surface which
provides the intended function thereof with advantages
and features that are described in detail below and entail
an improvement over the current state of the art.
[0002] The object of the present invention relates to a
device and a method for polishing metal surfaces by
means of electropolishing which is essentially distin-
guished by the electrolyte being arranged on a conduc-
tive surface, and by comprising, among other elements,
means for providing a relative movement between the
part to be polished and said conductive surface; said de-
vice being able to be constituted as a portable device,
wherein the device moves and the part is stationary, or
as a fixed device, wherein it is the part that moves, so it
is advantageously suitable for all types of parts of any
shape and size, even for parts having large dimensions.

FIELD OF APPLICATION OF THE INVENTION

[0003] The field of application of the present invention
is comprised within the sector of the technology dedicat-
ed for polishing metal surfaces, encompassing specifi-
cally apparatus, systems, and devices for electrochem-
ical polishing.

BACKGROUND OF THE INVENTION

[0004] As is known, a large sector of the industry is
dedicated to reducing the roughness of metal surfaces
and polishing same. This is necessary for both aesthetic
and technical purposes.
[0005] Currently, large metal surfaces such as, for ex-
ample, bars, prisms, or plates, are usually polished by
means of using mechanical methods, often with abra-
sives.
[0006] On the other hand, there is electrochemical pol-
ishing, in which parts, usually of medium or small size,
are immersed in an electrolytic bath and their roughness
is reduced by means of circulating an electric current. In
addition to reducing roughness, this method is capable
of generating passive protective layers that protect
against corrosion, which is very advantageous. However,
this process cannot be readily applied on plates, bars, or
prisms having large dimensions.
[0007] Therefore, there is an industrial need for a proc-
ess or device that allows polishing surfaces, plates, and
bars of any shape and size in an easy manner and at the
same time provides finishes which offer greater resist-
ance to corrosion, with the objective of the present in-
vention being to provide the market with a device that
fulfills said need.
[0008] On the other hand, and as a reference to the

current state of the art, it should be pointed out that, the
applicant, at least on its part, is unaware of the existence
of any device for electropolishing by means of a conduc-
tive surface, nor of any other invention of similar appli-
cation, which presents technical and structural charac-
teristics equal or similar to those presented by the inven-
tion claimed herein.

DESCRIPTION OF THE INVENTION

[0009] The device for electropolishing by means of a
conductive surface proposed by the invention is config-
ured as the ideal solution to the aforementioned objec-
tive, the characterizing details that make it possible and
that distinguish it being suitably set out in the final claims
attached to the present description.
[0010] Specifically, as indicated above, the invention
proposes a device for polishing metal surfaces by means
of electropolishing which is essentially distinguished by
the fact that the electrolyte is arranged on a conductive
surface, and that furthermore, among other elements, it
has means for providing a relative movement between
the part to be polished and said conductive surface,
where the device can be constituted as a portable device
that moves over the part to be polished, or as a fixed
device, wherein it is the part that moves, being advanta-
geously suitable for all types of parts of any shape and
size, even parts having large dimensions.
[0011] More specifically, the present invention pro-
vides a device for polishing metal surfaces by means of
an electrochemical process in which the electrolyte is a
conductive surface formed either by a solid electrolyte or
by a non-conductive material with a liquid electrolyte re-
tained therein. A part to be polished contacts the con-
ductive surface. An electrode contacts one side of the
conductive surface, whereas the portion of the part to be
polished contacts the other side of the conductive sur-
face. A power source provides a potential difference be-
tween the part to be polished and the electrode.
[0012] Specifically, the essential elements comprised
in the device of the invention are:

- a power source;
- an electrode;
- a conductive surface
- a system that provides electrical connectivity to the

metal part to be polished at a pole of the power
source;

- a system that provides electrical connectivity to the
conductive surface at the opposite pole of the power
source; and

- a system that provides relative movement of the con-
ductive surface with respect to the metal part to be
polished.

[0013] By way of example, the operation of the inven-
tion can be as follows:
The part to be polished is electrically connected to a pole

1 2 



EP 4 343 040 A1

3

5

10

15

20

25

30

35

40

45

50

55

of the power source by means of a suitable system.
[0014] The electrode, connected to the opposite pole,
contacts the conductive surface.
[0015] The part to be polished contacts the conductive
surface, on the side opposite that with which the electrode
contacts.
[0016] A relative movement occurs between the part
to be polished and the conductive surface.
[0017] The power source applies a potential difference
between the part to be polished and the electrode.
[0018] When the device performs these steps, electric
current passes between the part to be polished and the
electrode through the conductive surface. This electric
current causes redox reactions on the surface of the met-
al part at the points of contact.
[0019] By geometry, the points of contact are prefera-
bly roughness peaks. As the process progresses, the
peaks will undergo more oxidation. The same conductive
liquid retained on the conductive surface is also capable
of dissolving the oxides formed. This peak oxidation and
oxide elimination process results in a reduction of the
roughness peaks, which translates into a polishing result.
[0020] Next, the elements of the device are described
in detail.
[0021] Conductive surface is used herein to refer to an
element having electrical conductivity that can be meas-
ured between the two sides of the surface.
[0022] The conductive surface can be manufactured
from a solid electrolyte material, such that the material
has conductivity that can be measured between the two
sides of the surface. For example, conductive surfaces
based on ionomeric polymers, Nafion, Hycar, ion ex-
change membranes, polystyrene sulfonate, sulfonated
styrene and divinylbenzene copolymer, gel-type struc-
tures including polyether chains, among others.
[0023] Preferably, the solid electrolyte material is a
laminar material in order to allow sufficient conductivity
between both sides, one connected to the electrode and
the other which contacts the part to be polished.
[0024] The conductive surface can also be manufac-
tured from a non-conductive material that retains a con-
ductive liquid solution (liquid electrolyte), such that the
material with the retained liquid has an electrical conduc-
tivity that can be measured between the two sides of the
surface. Furthermore, the liquid retained on the conduc-
tive surface enables the dissolution of metal oxides and
salts.
[0025] Preferably, the non-conductive material is a fab-
ric, a non-woven fabric, a sheet, a membrane, a paper,
a polymer, a cloth, a cardboard, or a bundle of fibers.
[0026] The liquid retained on the conductive surface is
a liquid electrolyte, i.e., it is capable of conducting elec-
tricity. Furthermore, it is capable of dissolving the metal
oxides formed in the part to be polished. The retained
liquid can include acids to increase conductivity and im-
prove metal oxide solubility.
[0027] Preferably, the conductive liquid solution con-
tains at least one strong acid such as, for example, sul-

furic acid or acids with sulfonic group. Due to its polarity
and dissolving capacity, the preferred solvent of the con-
ductive liquid solution is water.
[0028] The device comprises a system for supporting
the part which can consist of clamps, firm gripping ele-
ments, pressure systems, magnets, etc.
[0029] The invention incorporates means for support-
ing the conductive surface, as well as a mechanism for
creating a relative movement of the conductive surface
with respect to the part to be polished.
[0030] In a preferred embodiment, these means and
mechanism for moving the conductive surface are con-
stituted in a form similar to a belt sander. This device for
dry electropolishing by means of a conductive belt com-
prises two or more drums on which there is mounted a
part with a continuous conductive surface in the form of
a belt, with a motor that provides rotational movement to
said belt. This embodiment can be portable, in which the
device moves and the part is stationary; and it can also
be stationary, in which the device does not move and it
is the part that moves closer to the moving belt. In devices
of this type, the electrode can be a flat element in contact
with the belt, or alternatively a conductive drum that acts
as an electrode.
[0031] In another preferred embodiment, the device for
dry electropolishing by means of a flat conductive surface
comprises means for supporting a flat conductive surface
on a flat part. This flat part includes or is the electrode.
This flat part is mounted on a mechanism which can move
the surface. This movement can be a circular, orbital,
circular translational, rotating, oscillating, linear move-
ment, among many others.
[0032] The device can include a system for regenerat-
ing or exchanging the conductive liquid retained on the
conductive surface so as to maintain the quality of the
polishing process. This system can include a system for
reading the conductivity between the two sides of the
metal surface.
[0033] This system can include a retained liquid elim-
ination point such as, for example, a pressure system
between two drums, temperature, dry air application,
among others. The system includes a point at which the
conductive surface is impregnated with liquid electrolyte
such as, for example, by immersion, aerosol, among oth-
ers.
[0034] The power source is responsible for providing
a potential difference between the part to be polished
and the electrode. This power source provides direct cur-
rent. The device can include the elements required for
transforming direct current into an output current that
suits the different needs of the polishing process. For
example, it is possible to envisage a system which is
capable of providing an output current in the form of puls-
es, with polarity inversion, with certain pause times at
zero or analog voltage.
[0035] The poles of the power source are connected
to the part to be polished and the opposite pole is con-
nected to the electrode.
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[0036] The electrode contacts the conductive surface,
such that the source-part to be polished-conductive sur-
face-electrode-source electric circuit is closed.
[0037] Another object of the invention relates to a
method for electropolishing by means of a conductive
surface which comprises the following steps

- A step of polishing, in which a conductive surface (1)
contacts a metal part (2) to be polished, with a rela-
tive movement being caused between the conduc-
tive surface (1) and the metal part (2) to be polished,
and wherein the part (2) is connected to the power
source (3) and the conductive surface (1) is connect-
ed to an electrode (4)

- A step of regenerating or replacing the conductive
surface (1), in which the conductive surface (1) which
has been in contact with the part in the preceding
step of polishing is regenerated or replaced so that
the conductive surface maintains sufficient conduc-
tivity during the step of polishing.
Preferably, the step of regenerating or replacing the
conductive surface comprises the following sub-
steps

- Completely or partially eliminating the liquid electro-
lyte used

- Adding new liquid electrolyte.

DESCRIPTION OF THE DRAWINGS

[0038] To complement the description that is being
made and for the purpose of aiding to better understand
the features of the invention, a drawing is attached to the
present specification as an integral part thereof, in which
the following is depicted in an illustrative and non-limiting
manner:
Figure 1, which is the only figure, shows a schematic
depiction of an embodiment of the device for electropo-
lishing by means of a conductive surface object of the
invention, where the main parts and elements which it
comprises can be seen.

PREFERRED EMBODIMENT OF THE INVENTION

[0039] In view of the described figure and according to
the numbering used therein, a non-limiting embodiment
of the device for electropolishing by means of a conduc-
tive surface of the invention, which comprises what is
described in detail below, can be seen.
[0040] In that sense, as can be seen in said figures,
the device (10) of the invention basically comprises:

- a power source (3);
- an electrode (4);
- a conductive surface (1)
- a system that provides electrical connectivity to the

metal part (2) to be polished at a pole of the power
source (3);

- a system that provides electrical connectivity to the

conductive surface (1) at the opposite pole of the
power source (3); and

- a system that provides relative movement of the con-
ductive surface (1) with respect to the metal part (2)
to be polished,

wherein the electrode (4) contacts one side of the con-
ductive surface (1) and the part (2) to be polished can be
brought into contact with the conductive surface (1) on
the other side, such that a polishing effect occurs when
the power source (3) applies a potential difference be-
tween the part (2) to be polished and the electrode (4).
[0041] The system that provides relative movement of
the conductive surface (1) with respect to the metal part
(2) to be polished can be, for example, by means of a
rolling conveyor, as described below, or consist of a cir-
cular, orbital, circular translational, rotating, or linear os-
cillating movement of a flat conductive surface (1).
[0042] Figure 1 shows a schematic depiction of a pre-
ferred embodiment option of the device (10) of the inven-
tion, wherein the conductive surface (1) adopts a rolling
conveyor belt-type configuration which comprises two or
more drums on which the conductive surface (1) is
mounted in the form of a continuous belt, with a motor
(M) that provides rotational movement to the belt.
[0043] Alternatively, the conductive surface (1) adopts
a configuration that can be compared to a VHS or a cas-
sette. Initially, the conductive surface (1) is wound in a
drum, arranged so that it can be wound in a second drum.
The segment of the conductive surface (1) stretched be-
tween both drums is used for the polishing process. A
motor (M) provides movement for the belt. This device
successively winds and unwinds a certain length of the
belt, causing the belt to move back and forth. When the
conductive surface (1) of this certain length of the belt is
saturated, working with the subsequent segment occurs.
In this way, working with a conductive surface (1) is al-
ways performed in optimal conditions.
[0044] In turn, the part to be polished (2) is connected
to the power source (3) and arranged such that it contacts
the conductive surface (1).
[0045] The opposite pole of the power source (3) is
connected to an electrode (4). In an embodiment option,
the electrode (4) can be a flat element which is arranged
in contact with the belt which constitutes the conductive
surface (1) as shown in Figure 1, although, alternatively,
it can be a conductive drum that acts as an electrode (4).
[0046] In one embodiment of the invention, the con-
ductive surface (1) is made of a solid electrolyte-type
material. For example, conductive surfaces based on ion-
omeric polymers, Nafion, Hycar, ion exchange mem-
branes, polystyrene sulfonate, sulfonated styrene and di-
vinylbenzene copolymer, gel-type structures including
polyether chains, among others.
[0047] In another embodiment variant of the invention,
the conductive surface (1) is a fabric, sheet, membrane,
paper, polymer, cloth, cardboard, bundle of fibers, or oth-
er material with comparable characteristics that retains
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a conductive liquid solution, such that the conductive sur-
face has an electrical conductivity that can be measured
between the two sides of the material.
[0048] Said conductive liquid solution preferably con-
tains at least one strong acid, and it is preferably an aque-
ous solution. Strong acids improve the elimination of the
metal oxides formed on the surface. Strong acids of pre-
ferred use are sulfuric acid or a sulfonic acid such as, for
example, methanesulfonic acid or toluenesulfonic acid.
[0049] The conductive solution can contain phosphoric
acid since it produces passive phosphate layers on the
treated surfaces, which improves anti-corrosion resist-
ance.
[0050] The conductive solution can be an emulsion of
an organic phase in a polar phase or vice versa. The
advantages of using emulsions as a conductive phase
is the formation of structured layers on the metal surface
to be polished, which allows obtaining very low final
roughness.
[0051] The conductive solution can include one or
more complexing agents or chelating agents. These
compounds favor the dissolution of metal ions, so they
contribute to a more effective dissolution of the oxides
formed on the metal surface. Among chelating agents of
preferred use are citric acid, EDTA, polyethers such as,
for example, polyethylene glycol, among others.
[0052] Furthermore, in this second embodiment, al-
though not depicted, the device comprises a system for
partially or completely regenerating or exchanging the
conductive liquid solution retained on the conductive sur-
face (1).
[0053] In the preferred embodiment, the conductive
surface (1) is made of a porous polymer material with
functional groups capable of retaining and transporting
metal ions. Preferably, these functional groups are sul-
fonic acid/sulfonate, carboxylic acid/carboxylate groups,
or chelating functional groups. The presence of these
groups facilitates ion retention, such that the concentra-
tion of metal ions in the retained liquid electrolyte is kept
relatively low and the quality of the polishing process is
maintained over time.
[0054] Preferably, the described device (10) is a port-
able device, such that it is movable, and the part (2) to
be polished is static. In this embodiment, the system that
provides relative movement of the conductive surface (1)
with respect to the metal part (2) to be polished comprises
means for moving the conductive surface (1) with respect
to the metal part (2) that remains stationary.
[0055] However, in an alternative embodiment, it also
can be a fixed device (10), i.e., it does not move, with the
part (2) to be polished being that which moves closer to
the moving belt constituting the conductive surface (1).
In this embodiment, the system that provides relative
movement of the conductive surface (1) with respect to
the metal part (2) to be polished comprises means for
moving the metal part (2) with respect to the conductive
surface (1) which is stationary.
[0056] It is also envisaged for the relative movement

of the part (2) with respect to the conductive surface (1)
to occur by means of the use of a robotic arm, which
would allow the automatic application of complex shapes
in the process.
[0057] Having sufficiently described the nature of the
present invention, as well as the way of putting it into
practice, it is not considered necessary to further expand
on its explanation so that any expert in the field can un-
derstand its scope and the advantages derived from it.

Claims

1. A device for electropolishing by means of a conduc-
tive surface which, applicable for polishing the sur-
face of a metal part (2), is characterized by com-
prising:

- a power source (3);
- an electrode (4);
- a conductive surface (1);
- a system that provides electrical connectivity
to the metal part (2) to be polished at a pole of
the power source (3);
- a system that provides electrical connectivity
to the conductive surface (1) at the opposite pole
of the power source (3); and
- a system that provides relative movement of
the conductive surface (1) with respect to the
metal part (2) to be polished,

wherein the electrode (4) contacts one side of the
conductive surface (1) and the part (2) to be polished
can be brought into contact with the conductive sur-
face (1) on the other side, such that a polishing effect
occurs when the power source (3) applies a potential
difference between the part (2) to be polished and
the electrode (4).

2. The device for electropolishing by means of a con-
ductive surface according to claim 1, characterized
in that the conductive surface (1) adopts a rolling
conveyor belt-type configuration and the system that
provides relative movement of the conductive sur-
face (1) with respect to the part (2) to be polished
comprises two or more drums on which the conduc-
tive surface (1) is mounted, with a motor (M) that
provides rotational movement to the belt.

3. The device for electropolishing by means of a con-
ductive surface according to claim 2, characterized
in that the conductive surface (1) adopts a continu-
ous belt configuration.

4. The device for electropolishing by means of a con-
ductive surface according to claim 2, characterized
in that the conductive surface (1) adopts a configu-
ration in which it is initially wound in a drum, arranged
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so that it can be wound in a second drum.

5. The device for electropolishing by means of a con-
ductive surface according to claim 1, characterized
in that the system that provides relative movement
of the conductive surface (1) with respect to the part
(2) to be polished is a system that provides a circular,
orbital, circular translational, rotating, or linear oscil-
lating movement of a flat conductive surface (1).

6. The device for electropolishing by means of a con-
ductive surface according to any of the preceding
claims, characterized in that the conductive sur-
face (1) is made of a solid electrolyte-type material,
such that the conductive surface has an electrical
conductivity that can be measured between the two
sides of the material.

7. The device for electropolishing by means of a con-
ductive surface according to any of claims 1 to 5,
characterized in that the conductive surface (1) is
manufactured with a non-conductive material that re-
tains a conductive liquid solution, such that the con-
ductive surface has an electrical conductivity that
can be measured between the two sides of the ma-
terial.

8. The device for electropolishing by means of a con-
ductive surface according to claim 7, characterized
in that the conductive liquid solution contains at least
one strong acid.

9. The device for electropolishing by means of a con-
ductive surface according to claim 7, characterized
in that the conductive liquid solution contains sulfuric
acid, methanesulfonic acid, phosphoric acid, citric
acid, EDTA, polyethers, or polyethylene glycol.

10. The device for electropolishing by means of a con-
ductive surface according to any of claims 7 to 9,
characterized in that the conductive liquid solution
is an emulsion.

11. The device for electropolishing by means of a con-
ductive surface according to any of claims 7 to 10,
characterized in that the conductive liquid solution
contains complexing agents.

12. The device for electropolishing by means of a con-
ductive surface according to any of claims 7-11,
characterized in that the conductive surface (1) is
made of a porous polymer material with functional
groups capable of retaining and transporting metal
ions, said groups consisting of sulfonic acid/sul-
fonate, carboxylic acid/ carboxylate, or chelating
functional groups.

13. The device for electropolishing by means of a con-

ductive surface according to any of claims 7-12,
characterized in that it comprises a system for par-
tially or completely regenerating or exchanging the
conductive liquid solution retained on the conductive
surface (1).

14. The device for electropolishing by means of a con-
ductive surface according to any of the preceding
claims, characterized in that the system that pro-
vides relative movement of the conductive surface
(1) with respect to the metal part (2) to be polished
comprises means for moving the conductive surface
(1) with respect to the metal part (2).

15. A method for electropolishing by means of a conduc-
tive surface, characterized by comprising the fol-
lowing steps:

- A step of polishing, in which a conductive sur-
face (1) contacts a metal part (2) to be polished,
with a relative movement being caused between
the conductive surface (1) and the metal part (2)
to be polished, and wherein the part (2) is con-
nected to the power source (3) and the conduc-
tive surface (1) is connected to an electrode (4)
- A step of regenerating or replacing the conduc-
tive surface (1), in which the conductive surface
(1) which has been in contact with the part in the
preceding step of polishing is regenerated or re-
placed so that the conductive surface maintains
sufficient conductivity during the step of polish-
ing,

16. The method for electropolishing by means of a con-
ductive surface according to claim 15, character-
ized in that the step of regenerating or replacing the
conductive surface comprises the following sub-
steps

- Completely or partially eliminating the liquid
electrolyte used
- Adding new liquid electrolyte.
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