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APPARATUS AND METHOD FOR REDUCING OUTER SHELLS OF METAL
OR METAL COMPOSITION WIRES

BACKGROUD

[0001] The present invention relates generally to apparatus and methods for
reducing outer shells of metal or metal composition wires, and, more specifically, to
apparatus and methods for reducing outer shells of metal or metal composite wires

based on electrochemical dissolution.

[0002] Metal and metal composite wires are commonly drawn or swaged to a
given dimension in industrial operations. Under certain circumstances it is desirable to
have a segment or portion of a given batch or wire section with a smaller outer shell
after the wires are drawn or swaged. In some cases the change in dimension may only
require altering the dimensions by a small amount, for example, reducing about 50
microns or less in compared to a starting of about 1mm. Therefore, a simple apparatus
and method for precisely removing this small amount of material without incurring

significant cost is desirable.

BRIEF DESCRIPTION

[0003] In one embodiment, the present invention provides an apparatus for
electrochemically reducing an outer shell of a metal or metal composite wire. The
apparatus comprises a cathode member which comprises a passageway through the
cathode member having an opening capable of passing a wire through, an electrolyte
inlet and an electrolyte outlet in fluid communication with the passageway. The
apparatus further comprises a spacer member capable of maintaining an electrotype
space between a wire passing through the apparatus and an inner surface of the

passageway.

[0004] In one embodiment, the present invention provides method for
electrochemically reducing an outer shell of a metal or metal composite wire. The

method comprises: passing the wire through a cathode member from a passageway
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defined in the cathode member, while spacing the wire from an inner surface of the
passageway; subjecting the space between the wire and inner surface of the
passageway to an clectrolyte fluid; applying an electric potential to the cathode
member and the wire serving as an anode member to generate an electrical current
between the anode and cathode members through the electrolyte fluid; and

electrochemically reducing the outer shell of the wire.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The above and other aspects, features, and advantages of the present
disclosure will become more apparent in light of the subsequent detailed description

when taken in conjunction with the accompanying drawings in which:

[0006] FIG. 1 is a schematic front view of an exemplary apparatus for
electrochemically reducing outer shells of metal or metal composite wires in

accordance with one embodiment of the present disclosure.

[0007] FIG. 2 is a schematic section view showing an inside structure of the

apparatus of FIG. 1.

[0008] FIG. 3 is a schematic diagram of a system for automatically reducing
outer shells of metal or metal composite wires in accordance with one embodiment of

the present disclosure.

[0009] FIG. 4 is a schematic diagram of a system for automatically reducing
outer shells of metal or metal composite wires in accordance with one embodiment of

the present disclosure.

[0010] FIG. 5 is a schematic diagram of a method for reducing outer shells of
metal or metal composite wires in accordance with one embodiment of the present

disclosure.

DETAILED DESCRIPTION
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[0011] Embodiments of the present disclosure will be described hereinbelow
with reference to the accompanying drawings. In the subsequent description, well-
known functions or constructions are not described in detail to avoid obscuring the

disclosure in unnecessary detail.

[0012] An aspect of the invention provides apparatus or systems for
electrochemically reducing outer shells of metal or metal composite wires, for
example, in order to thin down the wires. Referring to FIG. 1, an apparatus 200 for
electrochemically reducing outer shells of metal or metal composite wires is provided.
The apparatus 200 comprises a cathode member 202 that allows the passage of both a
wire 204 and a fresh electrolyte fluid (not shown). In one embodiment, the cathode
member 202 is a metal cell which can serve as a cathode when it is coupled to a
power supply which is also coupled to a wire passing through the cell, as an anode,
and used to generate a current between the wire and the cell through an electrolyte

fluid there between.

[0013] Referring to FIG. 2, the cathode member 202 comprises a passageway
206 through the cathode member 202 and defining an opening 208 capable of passing
a wire (not shown) through, an electrolyte inlet 210 and a pair of electrolyte outlets
212 and 214 in fluid communication with the passageway 206. In the illustrated
embodiment, the passageway 206 extends through the cathode member 202
substantially along a horizontal direction. The electrolyte inlet 210 is defined from an
upper surface 216 of the cathode member 202 and is connected to the passageway 206
through a substantially vertical channel 218 that joins the passageway 206 around a
midpoint along a length of the passageway 206. The electrolyte outlets 212 and 214
are defined from a lower surface 220 of the cathode member 202 and are connected to
the passageway 206 through substantially vertical channels 222 and 224 that join the
passageway 206 around two longitudinal ends along a length of the passageway 206,
respectively. The electrolyte inlet 210 can be coupled to an electrolyte fluid reservoir
(not shown) via a coupling member 226. The electrolyte outlets 212 and 214 can be
coupled to an electrolyte fluid draining device (not shown) via coupling members 230
and 232, respectively. The coupling member includes but not limited to one or more
pipes, joints, nuts, bolts, screws or the likes.

3
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[0014] The apparatus 200 further comprises a spacer member 236 capable of
maintaining an electrotype space between a wire passing through the cathode member
202 and an inner surface 238 of the passageway 206. The electrolyte space is a space
within the passageway 206 and substantially surrounding a periphery surface of the
wire passing through the cathode member 202 for receiving an electrolyte fluid used
for electrochemically reducing the outer shell of the wire passing through the cathode
member. In the illustrated embodiment, the spacer member 236 comprises a pair of
non-conducting wire guides 240 and 242, each of which is disposed around an inlet
and an outlet of the passageway 206 and defines a through-hole aligning with the
opening 208 for the wire to pass through. The wire guides 240 and 242 may be made
from elastic or deformable non-conducting materials, which are capable of adjusting
their through-hole dimensions in response to small dimension changes of the wires
passing therethrough, such as plastic, or other non-conducting materials, such as

ceramic.

[0015] During operation, a wire (not shown) passes through the opening 208
of the passageway 206 while being spaced from the inner surface 238 of the
passageway 206, and an electrolyte fluid (not shown) is introduced from the
electrolyte inlet 210 into the electrolyte space between the wire passing though the
passageway 206 and the inner surface 238 of the passageway 206. The electrolyte
fluid passes through the electrolyte space and flows to the electrolyte outlets 212 and
214 where it exits from the cathode member 202. Once an electric potential is applied
to the cathode member 202 and the wire serving as an anode member, an electrical
current is generated between the cathode member 202 and the wire through the
electrolyte fluid to electrochemically reduce an outer shell of the wire passing through

the cathode member 202.

[0016] Without being limited to the illustrated structures, the passageways or
channels for the wire and/or electrolyte fluid may be configured in such a way to
allow the wire to pass through the cathode member and the electrolyte fluid to pass
through the electrolyte space surrounding a periphery surface of the wire and, as such,

implement outer shell reduction of the wire. For example, in one embodiment, the
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electrolyte inlet and outlet may be disposed around the wire inlet and outlet,

respectively, and connected by the wire passageway.

[0017] In use, additional devices may be coupled to the apparatus 200 to
enhance operation facilities. For example, a housing may be used to house the
apparatus, such that, once an electrolyte leakage from the cathode member 202 occurs,
the leaked electrolyte fluid can be prevented from contaminating an exterior of the
housing, and/or, a wire driver for driving the wire through the apparatus and a control
system for controlling process parameters may be used, in order to enable an
automatic continuous operation. Moreover, additional devices may be utilized to
apply post treatments to the wire following the outer shell reduction. For example,
devices for cleaning, anti-tranishing and/or drying the wire following outer shell

reduction may be utilized.

[0018] Referring to FIG. 3, a system 400 for automatically reducing outer
shells of the metal or metal composite wires is provided. The system 400 comprises a
outer shell reduction device 402 similar to the apparatus 200, which is used for
electrochemically reducing outer shells of wires passing therethrough, a power supply
404 for generating a current for the clectrochemical outer shell reduction, an
electrolyte fluid reservoir 406 for providing an electrolyte fluid to the outer shell
reduction device 402, a wire driver 408 for driving the wire through the outer shell
reduction device 402, and a control system 410 for controlling the outer shell
reduction process. The system 400 further comprises a post treatment system 412 for

applying treatments to the wire following the outer shell reduction.

[0019] In one embodiment, as illustrated in FIG. 4, a system 600 for
automatically reducing outer shells of the metal or metal composite wires comprises
an outer shell reduction device 602, a power supply 604, an electrolyte fluid reservoir
606, a wire driver 608, a control system 610 and a post treatment system 612. The
wire driver 608 comprises a drag machine 616 for dragging the wire in front of the
outer shell reduction device 602 and a payoff machine 618 for taking up the wire at
back of the outer shell reduction device 602. The control system 610 comprises a first

measurer 620 used for measuring a dimension of the wire before the outer shell
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reduction, a second measurer 622 used for measuring a dimension of the wire after the
outer shell reduction, and a parameter control device 624 used for controlling
parameters of the outer shell reduction process in response to data fed back from the
first and second measurers. The measurer may comprise a laser micrometer. The post
treatment system 612 comprises a cleaning device 626 for cleaning the wire following
the outer shell reduction, an anti-tarnish device 628 for applying anti-tarnish treatment
to the wire following the cleaning and a dryer 630 for drying the wire following the
anti-tarnish treatment. In a preferred embodiment, each of the outer shell reduction
device 602, cleaning device 626, anti-tarnish device 628 and dryer 630 is disposed in
a sump which is used to collect undesirable liquids and prevent the undesirable liquids
from contaminating an exterior of the sump. Each of the sumps defines openings for
the wire to pass through. The sumps containing the electrochemical reduction device
602, the cleaning device 626, the anti-tarnish device 628 and the dryer 630,
respectively, are together disposed in a containment pan 636. The sumps and the
apparatus and devices therein are mounted in a manner to allow the wire to pass

through them in a substantially straight direction.

[0020] In certain embodiments, for example, a wire may be dragged by the
drag machine 616 and successively pass through the electrochemical reduction device
602, the cleaning device 626, the anti-tarnish device 628 and the dryer 630. The first
measurer 620 may measure a wire dimension before the wire enter the sump
containing the electrochemical reduction device 602, the second measurer 622 may
measure a wire dimension after the wire exits the sump containing the dryer 630, and
the measured change in dimension may be fed back to the parameter control device
624 to control the outer shell reduction process takes place in the electrochemical
reduction device 602. Based on the reductions in wire dimension, one or more of the
process parameters, including but not limited to, spacing between the wire and inner
surface of the passageway, applied potential, wire speeds, and electrolyte

compositions and fluid velocities, may be adjusted.

[0021] Another aspect of the invention provides methods for reducing outer

shells of metal or metal composite wires, for example, in order to thin down the wires,
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based on electrochemical dissolution. Referring to FIG. 5, a method 800 for reducing

an outer shell of a metal or metal composite wire is provided.

[0022] In a first step 802 of the method 800, a metal or metal composite wire
is reduced in dimension based on electrochemical dissolution. In one embodiment, the
step 802 comprises: passing the wire through a cathode member from a passageway
defined in the cathode member, while spacing the wire from an inner surface of the
passageway; subjecting the space between the wire and inner surface of the
passageway to an clectrolyte fluid; applying an electric potential to the cathode
member and the wire which serves as an anode member, to generate an electrical
current between the anode and cathode members through the electrolyte fluid; and

electrochemically reducing the outer shell of the wire.

[0023] For example, in one embodiment, a wire may pass through the cathode
member at a speed ranging from 0 to 12 cm/s while being spaced from the inner
surface of the passageway. That is to say, the wire may be substantially stagnant or
may pass through the cathode member at a speed approximately of 12 cm/s or less,
and preferably at a speed ranging from 1 to 12 cm/s. The wires may be spaced
approximately Imm or less from the inner surface of the passageway. The electrolyte
fluid may have a velocity ranging from 0 to 12 cm/s. That is to say, the electrolyte
fluid may be substantially stagnant or may pass through the space between the wire
and the inner surface of the passageway at a fluid velocity approximately of 12 cm/s
or less, and preferably at a fluid velocity ranging from 1 to 12 cm/s. The applied
potential may be ranging from 0.001 to 20 V, preferably from 0.001 to 5 V.

[0024] The outer shell reduction apparatus, systems or methods described
herein can be applied to reduce outer shells of any suitable metal or metal composite
wires, without being limited in their detail compositions, shapes and/or dimensions.
For example, the apparatus, systems or methods may be adapted to handle both
circular wires and non-circular (such as ovals, squares, rectangles, or octagons) wires,
or both solid and hollow wires. For example, the apparatus, systems or methods may
be adapted to handle wires, which have a diameter or an equivalent diameter as large

as 1 meter, or preferably as large as 0.5 meter, wherein equivalent diameter used
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herein refers to a diameter of the circumscribe circle of the non-circular wire cross
section. Different electrolyte fluids may be used in response to different types of wires.
For example, suitable electrolyte types include but not limited to salt based

electrolytes, acids, or bases.

[0025] Usually, the wire after electrochemically outer shell reduction may be
applied with additional treatments. In a second step 804 of the method the wire, after
electrochemically outer shell reduction, is cleaned. In a third step 806 of the method,
the cleaned wire is applied with anti-tarnish treatment. In a fourth step 808 of the

method, the anti-tarnished wire is dried.
[0026] Example

[0027] A 1.13 mm outer diameter copper wire was passed through a copper
cell from a passageway defined in the cell at a speed about 2 cm/s, while the wire was
spaced Imm from an inner surface of the passageway, and the space between the wire
and the inner surface of the passageway was subjected to an electrolyte solution of
10wt% sodium nitrate (NaNQOs3) and deionized water at a fluid velocity of about 12
cm/s. A potential of 4 volts was applied to the cell and the wire passing through the
cell, which served as cathode and anode respectively, to generate an electrical current

between the cell and the wire through the electrolyte solution.

[0028] The wire exited the cell entered a wire cleaning device and was
cleaned by a mild acid copper cleaning solution under a temperature approximately
130 °C. The cleaned wire then entered an anti-tarnish device which contained a sulfur
based anti-tarnish solution and was set at a temperature approximately 95 °C for an
anti-tarnish treatment in order to protect the wire from oxidation. The anti-tarnished

wire was dried. The dried wire had an outer diameter of about 0.82 mm.

[0029] The outer shell reduction apparatus/systems or methods described
herein are capable of precisely removing a small amount of material without incurring
significant cost, and allow drawn or swaged wires to be further reduced in dimensions
to produce desired wire dimensions. It is particularly useful when an outer shell of a

wire is needed in its drawing process but is useless in its applications. Moreover, as to

8
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a wire reduced in dimension by said process, an additional process is possible, i.c.,
reversing the polarity of the applied potential and carefully selecting an appropriate

electrolyte would allow deposition processes on the wire to increase the dimension.

[0030] While the disclosure has been illustrated and described in typical
embodiments, it is not intended to be limited to the details shown, since various
modifications and substitutions can be made without departing in any way from the
spirit of the present disclosure. As such, further modifications and equivalents of the
disclosure herein disclosed may occur to persons skilled in the art using no more than
routine experimentation, and all such modifications and equivalents are believed to be

within the spirit and scope of the disclosure as defined by the subsequent claims.
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WHAT IS CLAIMED IS:
1. An apparatus for electrochemically reducing an outer shell of a
metal or metal composite wire, comprising:
a cathode member comprising:

a passageway through the cathode member having an

opening capable of passing a wire through;
an electrolyte inlet;
an electrolyte outlet; and

wherein the electrolyte inlet and the electrolyte outlet

are in fluid communication with the passageway ; and

a spacer member capable of maintaining an electrotype space

between a wire passing through the apparatus and an inner surface of the passageway.

2. The apparatus of claim 1, wherein the cathode member is a

metal cell.

3. The apparatus of claim 1, wherein the spacer member
comprises a pair of non-conducting wire guides, wherein each wire guide is disposed

around an inlet and an outlet of the passageway.

4. The apparatus of claim 1 further comprising a power supply
coupled to the cathode member; and wherein the power supply is capable of

generating a current when also coupled to a wire passing through the cathode member.

5. The apparatus of claim 1, further comprising a wire driver for

driving the wire through the cathode member.

10
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6. The apparatus of claim 5, wherein the wire driver comprises a
drag machine for dragging the wire in front of the cathode member and a payoff

machine for taking up the wire at back of the cathode member.

7. The apparatus of claim 1, further comprising an electrolyte
fluid reservoir coupled to the electrolyte inlet, said reservoir capable of transferring an

electrolyte fluid into the electrotype space.

8. The apparatus of claim 1, further comprising a control system

for controlling the outer shell reduction process taking place in the apparatus.

9. The apparatus of claim 8§, wherein the control system comprises
a first measurer for measuring a dimension of the wire before the wire enters the
cathode member, a second measurer for measuring a dimension of the wire after the
wire exits the cathode member, and a parameter control device for controlling
parameters of the apparatus based on data fed back from the first and second

measurcers.

10. A system comprising the apparatus of claim 1, further
comprising a cleaning device for cleaning the wire that exits the apparatus, an anti-
tarnish device for applying anti-tarnish treatment to the cleaned wire and a dryer for

drying the anti-tarnish treated wire.

11.  The system of claim 10, wherein each of the apparatus, the

cleaning device, anti-tarnish device and dryer is disposed in a sump.

12.  The system of claim 11, wherein the sumps containing the
apparatus, the cleaning device, the anti-tarnish device and the dryer, respectively, are

disposed in a containment pan.

13. A method for electrochemically reducing an outer shell of a

metal or metal composite wire, comprising:

11
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passing the wire through an cathode member from a
passageway defined in the cathode member, while spacing the wire from an inner

surface of the passageway;

subjecting the space between the wire and inner surface of the

passageway to an electrolyte fluid;

applying an electric potential to the cathode member and the
wire serving as anode member to generate an electrical current between the anode and

cathode members through the electrolyte fluid; and
electrochemically reducing the outer shell of the wire.

14.  The method of claim 13, wherein the wire is spaced no more

than Imm from the inner surface of the passageway.

15. The method of claim 13, wherein the wire passes through the

cathode member at a speed ranging from about 0 to 12 cm/s.

16.  The method of claim 13, wherein the electrotype fluid is a

solution of sodium nitrate and deionized water.

17.  The method of claim 13, wherein the electrotype fluid in the
space between the wire and inner surface of the passageway has a fluid velocity

ranging from about 0 to 12 cm/s.

18.  The method of claim 13, wherein the applied potential is
ranging from about 0.001 to 20 V.

19.  The method of claim 13, further comprising: successively
cleaning the wire, applying anti-tarnish treatment to the wire and drying the wire after

the wire exits the cathode member.

20.  The method of claim 13, further comprising measuring
reductions in dimension of wire, and adjusting one or more of process parameters,

said parameters comprising, spacing between the wire and inner surface of the

12
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passageway, applied potential, wire passing speeds, and electrotype compositions and

fluid velocities.

13
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