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The present invention relates to a

continuous commercial electrolytic process for

the engrossment of wire and, in particﬁlar,

method and an apparatus for the electrorefining

" or electrowinning of metals, particularly

copper, by electrodepositing the metal onto a
metal starting wire during the process.

The conventional method of producing

copper wire used throughout industry starts with

pure copper plates commonly named "cathodes®
which are about 3.3 £t (1000 mm) square and
about 5/8 inch (15 mm) thick. The cathodes are
formed during electrorefining or electrowinning
operations by electrodeposition of pure copper
on thin starting sheets of refined copper or on
a metal such .as stainless steel from which the
These starting éheets,_
also measuring about 3.3 ft square but about
0.04 inch (1 mm) thick,
intermittently intréduced into the electrolytic

have to be

tanks as the ehgrossed refined cathodic plates
are removed as finished product, both operations
the

electrolysis is generally carried out at low

using manual work. In addition,
current densities which is defined as the
amperage applied to the tanks spread over the

immersed surface area of the total number of the
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el ectrodeposition of pure copper on thin starting sheets of refined copper
or on a netal such as stainless steel from whi chThifigheetdlopBgen Replaced i pped.
These-starting sheets, also neasuring about 3.3 fgmm Hﬁﬂ‘\( out 0.04

ihch (1 mm thick, have to be intermttently intr i\ _
el ectrolytic tanks as the engrossed refined cathodiC plates are renoved as
fini shed product, both operations using-mdnual work. In addition, the
electrolysis is generally-carried out at |low current densities which is
defined as the anpétBgeigpSrreding ehestanpsessridad A de i mersed
surface area of thkerkehtl dengher)of obhexpaldaadidc isi adrinly) Sheehs present
(cathode current density or. expressed in terns of th tted areas of the
crude copper anod@?tggénérféfiﬁédt Crede 5ﬁ83€§i5¥%§%§§%%ﬁﬁ%ning .
operations (andde refinedt odensiery) anbdwsddmsiefliees: ramergeirer al |y i neffici ent
since the quagtity Qb coRRg" (dGRAY Lol et dideteli%) . - Low
| densgities are generally inefficient since the
quantity of copper deposited is directly :
proportional to the amount of current applied.
Notwithstandiné, higher current densities are
10 not generally used in the present art to improve
throughput and decrease the cost of producing a
unit of copper as the quality of the plated
metal thereby obtained in conventional tanks
wogld be debased and/cr the resulting roughness
15 of the product become undesirable.
' To manufacture wire the cathodes then
have to be melted, cast and hot rolled in a
separate and complex facility to produce rod
which is normally 5/16 inck (7.94 mm) in
20 diameter. This rod is then converted to wire,
e.g., electrical wire. The first step in this
process is the "rod breakdown®" where the rod is
- ) cold drawn to about AWG #14 (1.628 mm). The
intermediate wire after "rod breakdown®" is
25 further cold drawn to the final product gize.
During the cold drawing operation the wire must
~ be periodically annealed.
Thus, the conventional method of
-copper wire production starting with an
30 electrorefining or electrowinning process
consumes much energy and requires extensive
labor and capital costs. The melting, casting
and hot rolling operations alsoc subject the
product to additional oxidation and potential
35 contamination from foreign materials such as
refractory and roll materials which can

subsequently cause problems to the wire drawers
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proportional to the amount of current applied. NotthhW"-—--...__z
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in the present art to inprove throughput and decrease th
producing a unit of copper as the quality of the plated rré}\m&“
obt ai ned i n conventional tanks woul d be_ dgbased and/or. the I ng
roughness of the product becone undesirable. To manufacture wire the

cat hodes then havfeﬁ&i)ﬂﬁeiﬂ efhe CASimabe G9ter BEEARSI Bukisaparate and
conplex facility 1o produce rod which is normally 5/16 inch (7.94 mm) in
di aneter. This rd¥F3€R%en converted to wire, e.g., electrical wire. The

first step in this process Thetpeidtodrbreakdavnémpted to
- overcome the problemé asgociated with the
5 conventional methods for the:production of wire
and rod by utilizing continuocus electrolytic
processes whereby a pure copper starting wire is
engrossed by passing the wire as a cathode
through a tank containing electrolyte and using
10 impure copper or lead as the anode. Many
patents have been issued over the years in this
area but the need exists for more efficient
electrolytic wire making processes and apparatus
which are commercially and economically
15 feasible. '
| U.S. Patent No. 1,058,048 describes
electrodepositing copper onto wire by advancing
the wire in a vat of electrolyte in a continuous
series of endless travelling loops. U.S. Patent
20 Nb. 4,097,354 shows the continuous'electrolytic
" plating of metal uéing moving cathodes and
anodes in the form of sheets or plates. U.K.
N Patent No. 1,172,906 is directed to producing
copper wire by electrodeposition in a continuous
25 process comprising continuously forming an
elongated member by electrodepcosition on a
moving cathode surface, stripping the member
" from the cathode surface and passing it through
electrolyte adjacent to anodes to build up its
30 thickness. U.K. Patent No. 1,398,742 shows a
continuous process for électrodepcsiting copper
onto wire by guiding the wire as a cathode
through the bath by a plurality of rolls
describing any adequate path and, upon emerging
35 from the bath, passing the wire through washing
ﬁeans. U.S. Patent No. 4,196,059 discloses a

method and an apparatus for continuously



where the rod is cold drawn to about AWG #14. (1.628 -nm-—TFhe—interfrediate
wre after "rod breakdown" is further cold drawn to the flnal product S|ze

During the cold drawi ng operation the wire nust be periTodb
Thus, the conventional nethod of copper wre productlon anﬂ
electroreflnlng or el ectrow nning process consunes nuch U|res
.extensive | abor and capital costs. The fmelting, casting and hot rolllng
operations al so §HQ¥88&cEQS BL gggF tghfﬁdééﬁ Qalwg? tlon and potenti al

C ctory

contam nation fromftorel r|a S su eTra a&nd roll materials
whi ch can subseqaéhFP9léaﬁ§ér§F69Iensbﬁéeth@rﬁﬁ¢e fpawene @amsT ally in the
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t he probl ens assoila ed t he conventi onal _ne r the production of
wire and rod by BtPFIE3i kK eESHVlﬁﬁgﬁgsé+ﬁgt?6+9tV&rEPoP§éses
: ] electrolytic deposition to a large diameter rod

(about 20 mm). It is claimed that the process
may be operated at high current densities
without contamination of the refined rod By the
normal impurities found in the anocde sglime
10 residues. '
U.S. Patent No. 4,395,320 also
discloses an electroplating apparatus to engross
a wire consisting of a cascade of electrolytic
batbs separated by rollers pressing on the wire
15 being engrossed in order to smooth its rouéh
surface caused by the high'current densities
utilized in the process. , _
U;S. Patent No. 3,676,322 diséloses an
apparatus and method for continuocusly producing
20 an electrolytically plated wire which comprises
passing a single wire repeatedly in and out of
an electrolyte contained in tanks positioned
N between extermal guide rolls. The rolls pass
the wire continucusly through the tanks in a
25 stepwise manner back and forth between the guide
rolls with the wire as the cathode and anode
electrodes to effect electrolytic plating.
U.S. Patent No. 4,891,105 shows a
method and apparatus for engrossing a'single
30 copper wire by passing the wire a plurality of
times around electrical conducting external
motorized shafts to form at least a pair of wire
curtains in the tank. The wire traverses a
number of léngthwise passageways a number of
35 times in opposite directions during the
engrossing process. ‘

" U.S. Patent No. 3,929,610 shows the



_
whereby a pure copper starting wire is engrossed by paSS|ng the wire as a
cat hode throough a tank containing el ectrol yte and, ushi aen - or

| ead as the anode. Many patents have been issued ove it his
area but the need exists for nore efficient electrol g
processes and apparatus which are comrercsakly and economcally feasible

3 U S Patent No. 1,058,048 describes el ectrodepositing copper onto mnre by
advanci ng t he mnrelentaOﬁarmsﬁlepeeﬁr@hyaélnn ateemdsnwdusinsbin e of

end| ess travel|'”ﬂe£§€ﬁsbyuc§ntE§h5ﬁE NeectrB8Lp324 c3l0AWS, £ e €T T NUOUS

el ectrolytic plating of netal u5|n% novi ng .cat hodes and anodes 1 n the form
of sheets or on a conductive strip hav1ng a narrow, closed- . _

loop plating surface.

5 U.S. Patent No. 4,353,377 is not
directed to producing wire and is of interest to
show the electrodepositing of cdpper onto a
cathode under conditions of non-turbulent
electrolyte flow achieved by means of a venturi

10 section and a gsingle cathode-anode pair.

The disclosures of all of the above
patents are hereby incorporated by reference.

While tﬁe prior art has made many
advances in thié'art, the need exists for

15 improved methods to commercially producé copper
wire and it is an object of the present
invention to provide apparatus and processes for
effectively and efficiently engrossing large
quantities of wire electrolytically.

20 : : Other objects and advaﬁtages-of the
invention will be readily apparent from the’
following description which will be directed for
convenience to the engrossment of copper wire
with copper.

25 It has now been discovered that a -
starting material such as wire may effectively
and efficiently be engrossed electrolytically by

" employing an apparatus in which the wire is
transported ﬁorizqntally through the apparatus

30 in the form of vertical curtains and which has a
number -of improvements over the prior art. 1In
one embodiment at least one set or pair of
external drive shafts iccated at opposite ends
of 3 tank are used upon thch at least two wires

35 are transported and are passed repeatedly in and
out of a specially designed electrolytic plating -

ank at a desired speed and/or current density



pFates. U K Patent No. 1,172,906 is directed to produm ng copper wre by
el ectrodeposition in a conti nuous process conprisingT erFI@pdn ng
an el ongated nenber by el ectrodeposition on a noving

stripping the menber fromthe cathode surface and pasdi

el ectrolyte adjacent to anodes to build up its thickness. U K Patent No.
1,398, 742 shows a contlnuous process for électrodep03|t|ng copper onto wire
by guiding the wr ZS a cat hode throu%h t he aath by, a pIurallty of rolls
describi ng any ad@&ﬁ PE PHPRSANGE BRSACEYRGihg o RaHF hitdtZPassi ng the
wi re through washiengrosaed. wilr8s E&beabthle.nee, 19&;;0591&:1:553& oses a nethod
and an apparatus fo ontl uous?_ g_tr CI n arat i.,n_copper wires as
a cathodic starting or-base’ str ofte pass réu ral t%nk for
refining inpure ceppéltsancéeebtpégksdi hrertb.b)umg-reom mylﬁa&p:ﬂ.a\n res by

el ectrolytic gepogibi-@?nkOwlres thereon for ehgrossment. In

either single or multiple shaft embodiments,

converging rollers may be used to alter the bath
of the wire and to pack the wire curtains
horizontally closer together. Another

10 embodiment employs wire converging rollers and
uses the rollers in conjunction with multiple
sets of specially placed, e.g., angularly or
triangularly, external drive shafts, which
embodiments minimize the tank size needed to

15 process a particular number of wires.

FIG. 1 illustrates the-tcp view of one
embodiment for the electrolytic plating of
copper wire and the production of engroésed wire
in accordance with the principles of the present

20 invention.

FIG. 2 illustrates a cross-sectional
side view of said apparatuz taken f£rom the

4 perspective of section 2-2 'in FIG. 1.

FIG. 3 illustrates the top view of

25 another embodiment of the invention.

FIG. 4 illustrates the top view of an
embodiment of the invention showing only the
-Qire converging rollers and multiple external
triangularly placed drive shafts.

30 FIG. 5 is a top view of an embodiment
of the invention showing multiple extermal drive
shafts employing converging rollers and drive
shafts angularly disposed to the axis of the
‘tank. '

35 The present invernition relates to a
method and apparatus for the continuous

production of engrossed wire by



Farge dianeter rod (about 20 mm. It is clained thaf'fE;_BFBE€§§~ﬁEY‘B€
operated at high current densities without contani natifShest Hastbeen mbaagd r od

by the normal inpurities found in the anode slinme resi : ent No.
4,395; 320 al so discloses an el ectroplating apparatus t re
ers

consisting of a cascade of electrolytic baths separated by ro ressing
on the wire being engrossed in -order to shooth its rough surface caused by

e 01 g1 cu T ont EOtibRap UMl LISk uAlE, PEREESR clhgpalent N0 L
an el ectrol yti cal $yaptimgdwire using impure metal or inert ..
materials such as lead for the anode and will
be, for convenience, directed to copper metal
.5 and copper starting wire. .
' FIGS. 1 andlz illustrate top and side
cross-gectional views of one embodiment of the
present inventiom. References are made herein
to all of these figurés concurrently. The
10 embodiments shown in the figures are only
exemplary in nature, but the drawings and
accompanying description illustrate the
principles of the present invention. Similar
numerals designate similar items in all figures.
15 A tank 10 made from a suitable
material such as PVC, high deﬁsity polyethylene,
fiber reinforced‘polyester or other synthetic
materials and polymer concrete and having end
walls 10a and :0b and inside walls 1l0a’ and 10b’
20 holde the (electrolyte) electrolytid bath 11. A
preferred material of construction is polymer
concrete. Anodes 12 (groupé.of four are shown)
. - are arranged in rows as in FIG. 1, forming
unigterrupted parallel channels or passageways
25 . 16 for the wire 13 (shown as four (4) separate
wires 13a, 13a’, 13b and 13b’) to pass through
the tank. The anodes 12 may be of varying
.height to compensate for any sagging of wires 13
in the tank. ‘A nonconductive separatinglmeans.
30 27, e.g., strips, on the anode 12, usually up to
1" thick depending on the size of passageway 16
may be employed to minimize shorts caused by
contact of the wire 13 with the anode 12. The
strips may be placed in any convenient form on
35 the anbde-~usually vertically or positioned
‘above and below the wire curtain to keep the

anodes spaced from the wire. Strips 27 are



rolls pass the wire continuously through the tanks .in 37

back and forth between the guide rolls with the wire a

wire which conprises passing a single wire repeatedl y'm
el ectrolyte contained in tanks positioned between exter he uﬁgg rolls

anode electrodes to effect electrolytic_pLating. U S. Paten %1 105
shows a nethod and apparatus for engrossihg a single copper wire b assi ng

the wire a pIuralghgwﬂflhlgggsarguggdebect§h83L nggg%tlg%'ex er nal

notori zed shafts to format | east W e cartans i & tank. The
wire traverses a R8nBepdoRs| éﬁgﬁﬁmﬁ%tbasgagem&ismhrﬁanbemam‘—bte mes in

- opposite dlreCtlOéﬁpﬂﬂ?éﬂgbbﬂﬁe@ﬂgEﬁéskﬂgepi9céﬁa ablodes e fNO
in

3,929,610 shows the eIectroEornatlog metallic stran inite length
by conti nuous minimize sludge and/or gas contamlnatlon of the

5 wire. An anode buss bar 23 and connecting bars
23a provide electricity for the anodes 12 and
are preferably removable with anode supports 24
to allow removal of the wire 13 for cleaning of
the tank, repair of wire breaks, etc. FIG. 1

10 shows one electrolytic cell and when multiple
cells are employed, groups or bénks of each cell
may be electrically wired in parallel circuit to
allow repair of an individual cell or its
auxiliary equipment. .

15 Pure copper wires 13a, 1l3a’, 13b and
13b’ are passed a plurality of times through the
tank 10 and around sets of electrically
conductive shafts 14 (shown as two (2) sets of
shafts 1l4a and l4a‘’, and 14b and 14b’) forming

20 four curtains 25 of wires. As shown in FIGS. 1
and 2, separate wires l3a and 13b are vertically
disposed on the set of gshafts 14a and 14b and

. separate wires 13a’ and 13b’ are vertically
disposed on the set of shafts 1l4a’ and 14b’.

25 The electrically conductive shafts may be
independently driven by motors 28 (shown as .
motors 28a and 28b). The shafts may be grooved
”for, among other advantages, ease of removal of
the wire and the shafts from the tank as an

30 integral unit.to repair wire breéks, starting
the process, etc. The starting base copper
wires 13a, 13a‘’, 13b and 13b’ act as cathodes
and are delivered to the rotating shafts from
payoff coils or reels 17 (shown as 17a and 17b

35 with 17a’ and 17b’ not being shown), preferably
twisted on the fly in order to impart axial

rotation, and are transmitted thereby into and



el ectrodeposition of.metal on a conductive strip having a narrow,

cl osed-loop plating surface. U S. Patent No. 4,053, 37TMS$wansﬂ& e ed to
producing wire and is of interest to show the electrod ‘ﬂper
ento a cat hode under conditions of non-turbul ent elect |eved
by nmeans of a venturi section and a singlg cathode-anode

di scl osures of all of the above patents are hereby incorporated by

reference. Wile tdig i Gindldadios TG B, AR ANGRS idhddlignart, the need -
exi sts for inproved thods to comercially roduce copper re and it is

an object of the pf t19%weftd 'on 10b and “10b. A double walled
tank as shown in FIGS. 1 and 2 enables the

electrolyte leaking out through walls 1l0a’ aﬁd
5 - 10b’ to be trapped in the doﬁble wall and
recycled, e.g., to the tank 10 through pipes 18.
Sludge and/or electrolyte may be removed through
pipe 19 and valves 22 control flow of the
electrolyte 11 or sludge to a recovery and/or
10 purification section or recycled to tank 10. A
bottom sloped tank 10 is shown which facilitates
collection and removal of the sludge. The wires
engrossed by the eledtrolytic action are taken
off shafts 14 (shown as 14a, 14a‘, 14b and 14b’)
15 and wound in coils or reels on takeup 20 (shown
as 20a, 20a’, 20b and 20b’) and may be driven by
the same motors actuating the shafts on
fespective ends of the tank.
The tank walls 10a and 10b and 10a’
20 and 10b’ have openings 15 which may be of any
configuration and size necessary to allow the
wire to pass therethrough. Usually, for a
" circular wire the openings 15 will also be
circular and of a size large enough to allow the
25 wire to paés through without undue friction.
For some applications however, it is desirable
to enhance the electrolyte circulation in the
' tank, e.g., to minimize diffusion layer’
boundaries and thus inhibit current density
30 effects, and the openings 15 in walls 10a‘’ and
10b’ are specially sized to permit the passage
of electrolyte therethrough at controlled rates.
The size of the openiﬁgs 15 may, for example,
increase from the bottom to the top of tank 10
35 to generate a uniform flow pattern in the tank.
The wire-electrolyte interphase may also be

agitated by, e.g., resonance vibrations of the
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for effectively and efficiently engrossing |arge quant ifyis@feePfias\BeérntReplaced

el ectrolytically. Other objects and advantages of the in I
feadily apparent fromthe foll ow ng description which w n“] for
conveni ence to the engrossnent of copper gvl re with coppet™™ HE

| NVENTION It has now been di scovered that a starting nmaterial such as wre

may effectively 3nd&f il | G 055Gk 4l oGl NAly/ LRI LY2 Y- el oYi ng
an ‘apparatus in Ich the wre Is transportecf' orizontally through the -

apparatus in the 3 AW WA o &e (we9s inRtead Of ks@radfber of
| nprovement s oveloddiinyd Oretid twidth Qe wbodiiendlsd hpLast One set or pair
of increase toward the top of the tank for a '
5 uniform electrolyte flow. .Fo; embodiments from

which the wire and external drive shafts may be

removed from the tank as an integral unit as .

discussed above the walls 10a, 10a‘’, 10b and

10b* will have glits to enable removal from the

10 tank. '

Another feature of the invention is to
prevent electrodeposition on the wire 13 until
the wire is effectively cleaned, for example, by
the action of the electrolyte, e.g., by one or

15 more such passes through the tank 10. This may
be accomplished, for example, by passing each
wire 13 entering the tank 10 through a
dielectric conduit (pipe) positioned in the tank '
or by passing the wire above or below the

20 effective anode surface. |

| A hoist used to replace the corroded
(depleted) anodes is not shown in the figures.

B With regard to replacing the anodes,.it is
preferred to protect the cathode wire curtains

25 25 by shielding them during the replacement
operation by, for example, inserting inverted U-
shaped nonconductive protectors over the wire
curtains during anode replacement.

FIG. 3 shows an embodiment of the

30 invention wherein the wires to be engrossed are
passed around auxiliary converging rollers 30

. which act to equalize stretching of the wire and
to alter the direction of the wires and
consequently, alter the spacings of the wires 13

35 in the tank 10 relative to the anodes 12 and

taﬁk side walls 31. For many processes a close

anode to wire spacing is desirable, e.g., to



external drive shafts |ocated at opposite ends of a tank are used upon
which at least two wires are transported and are passed Thi a&gguge %g
out of a specially designed electrolytic plating tank at

and/ or current density and/or nunber of passes until the

engrossed wires are obtained. In another ;enrbodi nent, nultiple

external drive shafts are enployed with single or nultlple startlng mﬁres

thereon for engrossaees . uka Sléééfléhﬂgbﬁeﬂjy”yla&hﬂl*@dsIE@f%: | ment s,
converging rollers e.used to alter the EY h of the wire an o] pack

the wire curta|nsah5?¥§oﬂta???rEP6§€rcPEQ%Fh ARSPAZLNGNESS ment enpl oys
Wi re converging r@éleigea@ﬂoySEﬁrbhghrehéebathn CORpUBBh@RHIHY Mul tiple

sets of specially ngul a or_triangularly, external drive
shafts, \/\hich_enbf)%i 5?33 %?¥1§8 ?ﬂga#iﬁk°§l 9%%Reeded to process a

particul ar nusberinteyshaggeable to control the anode-cathode
spacings. Spacing may also be controlled by -
positioning the anodes on the anode supports 24.
In one embodiment, double rows of anodes 26 (as
shown in FIG. 3) may be used to form passageways

10 16, with each row being positioned laterally
relative to the wire curtains for maximum
current gfficiency, The anodes may also be
moved during the procéss to maintain the desired
anode-cathode spacing. This variable anode-

- 15 cathode spacing also has the effect of
minimizing ohmic heating which causes the
temperature of the electrolyte to increase.

However, when the employed current
density and/or the electrical resistance through

20 the bath are relatively low the electrolyte
losing heét by convection to the ambient air
cools from its normal temperature of about 50 to
60°C. In one embodiment thermic covers 32 are
provided as shown in FIG. 1 (partially) and FIG.

25 2 (the.complete cover) to cover the top of the
tank during operation and if being used to
electrowin copper, such covers additionally caﬁ

'be semi-permanently affixed thereby effectively
controlling the bothersome acid mist resulting

30 from the liberation of oxygen at the anodes.

FIG. 2 also shows vertical support 29
- usually located at about the mid center of the
tank in each passageway'and made from PVC or
other suitable material and having apeftures to

35 thread the wires therethrough and act to

sEabilize the position of the curtains.

In another embodiment, converging .
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FIG 1 illustrates the top view of one enbodiment fBi Iﬁﬁﬂﬁﬁk layeyi €
pl ati ng of copper wire and the production of engross ﬂ

ordance
with the principles of the present invention. FIG 2 &
cross-sectional side view of said apparatus _ t aken fromthe P tive of
section 2-2 in FIG 1. FIG. 3 illustrates“the top view of another

enbodi ment of therbnyepki 88 mEyCoetubkliUshr 8bRJubbeibAPWY LW Of an
enbodi nent of

triangular spacing of the external shafts 14 and
-with spacing of the anodes 12 to enable
‘minimization of the tank size needed to produce
5 the engrossed wire. FIG. 4 shows such a
configuration using additional shaft 14a" and
wire 1l3a" (note there is only one wire on each
shaft) and it will be noted that the tank sgize
needed to engross the wires may be less than .

10 other configurations not employing converging
rollers 30 and spaced external shafts 14,
particularly triangularly spaced, since the
wires are packed horizontally closer together.

According to this aspect of the

15  inventiom, it is advantageous to maximize the
cathodic surface area exposed to electrolysis in
a given section of tank in order to minimize the
capital cost of the commercial installation and -

_optimize the efficiency of the system. In this

20 regard, it is econocmically advantageous to
optimize the wvertical distance between the wires
in a curtain and the spacing between each wire
curtain and the adjacent anode. For a given
anode current density, as defined in the

25 beginning of this disclosure, the foregoing
concepts result in the -highest quality deposit
of copper on the sgstarting wire and the most cost

~ effective operation of the system. Expressed in
different terms, an important ocbjective of the

30 invéntion is to design the system so that the
ratio of cathode current density to anode
current density which ig typically greater than
1, is minimized and is typically less than 15,
preferably between 1 and 10. For example, a

35 system employing a cathode current density of
120 amps/ft2 and an anode current density of 18

2

amps/£ft“ has demonstrated to be practical and



the invention showing only the wire converging rol

external triangularly placed drive shafts. gFISCJi 5 :Iﬁgﬁle@tq—ﬂs ee" ¢

enbodi ment of the invention showing nultiple extern mﬂnﬂw m

énpl oyi ng converging rollers and drive shafts angul o the

axis of the tank. DETAILED DESCRI PTI ON Of THE | NVENTI ON The present

I nvention relates to a nethod and appa'ra s for the continuous producti on

of ~engrossed W re, b)‘:ta%lect rodeposition of metal onto a cathodic starting
a

Wi re using |rrpure e or inert materials such as lead for the anode and
will be, for convenience, &% editarnadivgpmmboddmentaef ddpper starting

wire. FIGS. 1 andpgddditi hieérdQD @Y mdnliR CldS isReidnal i yheyg of one
enbodi ment of the present invention. References
a given tank is maximized is shown in FIG. 5.

5 The external shafts 14 (l4a and 14a‘’) are
aligned on an axis angularly disposed to the
longitudinal dimension of the tank. Converging
rollers 30 are placed to direct the wires 1l3a
and 13a' (note there is only cne wire én each

10 shaft) in a parallel closely spaced disposition.
Although the size of the tank 10,
wires 13, sets of shafts 14 and number of anodes
12 may vary widely, it is expected that most
users will employ starting wires up to about 4
15 mm diameter, usually 1 to 2 mm diameter and
produée finished wires up to about 6 mm diameter
usually about 2 to 4 mm diameter. A preferred
engrossment of the wire is up to about 150%,
based on the weight of the starting wire.
20 Usually the wire will be engrossed about 25% to
200% or more, e.g., 100% to 150%.
While the embodiments shown in FIGS.
. 1-3 employ two sets of shafts and two starting
' wires on each set of shafts, a single wire or
25 additional wires may also be engrossed on each
set of shafts and/or by-ﬁtilizing additional
_ sets of shafts and anodes 12 as shown in FIG. 4.
| The size of the tank 10 will vary
depending'on the engfossment desired and the
30 number of wires to be simultaneocusly
electroplated, as well as on the throughput to
be achieved. For a design as shown in FIG. 1,
the length of the tank 10 may be up to 40 feet,
or longer and up to 5 feet high, or higher. The
35 drive shafts 14, 14a7, etc., are preferably made
of an electrical conductive corrosion resistant '

material such as copper or stainless steel and



7 are nmade herein to-aII of these figures concurren_tITi.s é& nbodi ment s
; \ : !
shown in the figures are only exenplary in nature, bu’Hﬁm ﬁ:ﬁﬁﬁ%d

acconpanyi ng description illustrate the principles of

rnvention. Simlar nunerals designate simlar itens i A tank
10 made froma suitable material such as PVYC, high.density polyethylene,

fi ber reinforced pol yester ar other synfh%?ié mat eri al s and pol yner

ol ds-the- (el oot r aryt oF arecirar: S Uy say piiteds; Croks ot ra: Bbean of
construction is pdiyaugh dite etell gedescyl Bulmtupsiatlyour are -
.depending on the length of the cell, the number
of starting wirés, the degree of'engrossment and
5 the current densgity used. :
It is an important feature of the
invention that the shaft diameter be correlated
to the wire size and the degree of engrossment
to avoid undue stresses which may cause breaking
10 of the wire during the engrossment process. 1In
general, the ratio of the shaft diameter to the
engféssed thickness of the electrodeposit
defined as the final diamete; minus the starting
diameter value divided by éﬁo-will be greater
15  than about 100.
The following TABLE 1 shows some
sample wire engrossments for a starting wire of
.AWG 15 (1.45 mm) and the resulting shaft
diameter to plating thickness ratio (Ratio).

20 TABLE 1
Finish  Plating ' Ratio (B/A)
Diameter Thickness(a) % Shaft Diameter_(BL
(mm) (mm) Engrossment 101.6 mm - 304.8 mm
25 1.776 .163 - 50 626 1878
2.292 .421 150 . 241 723
2.511 .531 200 191 573

For the preferred mode of operation,
30 the wire will be engrossed from a wire size of
about 1 to 2 mm to a finished wire size of about
1.8 to 3.2 mm. The preferred shaft diameter is
about 100 to 350 mm. |
Increased throughput and operating
35 efficienéies will generally result by increasing
the number of wire windings on the shafts 14 for
each wire size being engrossed and the humber of

windings per shaft is limited by the current



shown) are arranged in rows as in FIG 1, forn1ng unfnt rr Hfd arall el
channel s or passageways 16 for the wire 13 (shown as | e
wres 13a, 13a', 13b and 13b') to pass through the_t;} iﬂ E FﬁZ may
be of varying height to conpensate for any saggi ng of [ he tank
A nonconductive separating nmeans 27, e.g., strips,:on the anode 12, usually
up to 1" thick depending on the size of ﬁ3§§hg€may'16 may be enpl oyed to

hor t d t f the 1 h 12. Th
SLri ps may be. pl acoRSPRCHEY EonFEREEnEORErRCon PRESEAAG:. SAd y |

vertically or positaboudt aE@VWLaddnbelpnmtheamtnagcwmralmawohkeep t he
anodes spaced fron1%3% & SETEQEt%Z ggecagggn erEk@§1 %ﬁ¥gr2 Anode

baskets may al so be u as known in the a Menbranes may be enpl oyed
between the wire 13sP3¢imso@ds the FérﬁﬁnfﬁFEénglGégecaﬁ&ﬁmn%ykﬂ the

contami nation ok theaWhncRie PAsBAGEHaPESIshaE 48 :8B02500ARERY Reh may
be used with a spacing of about 2 to 14 mm,
e.g., 5 to 12, generally employed.

It may be desired for many
applicationé to monitor the current efficiency
10 of the process by continually measuring the
diameter of the wire at in least one point in
the process. Commercially available optical or
laser devices 21 such as a Cogtrologic
noncontact gauging device would measure the wire
15 diameter and compare the measured value with a
predetermined value. Based on the comparison,
the current efficiency can be determined and
appropriate action taken when the current .
efficiency is less than a desired ievel. For
20 example, the current efficiency is affected by
shorting between the anocde and the cathode and
by the composition of the electrolyte and a low
value may be cdmpensated for by temporarily
reducing the wire speed Until the cause of the
25 low current efficieﬁcy is corrected.

Another process control feature
monitors the wire feed speed and the wire
removal speed for breakage detection. Based on
a comparison of these two speeds, breakage may

30 be detected and corrective action taken. Wire
tension measurement and the monitoring of
electrical conductivity may also be employed as
process control features.

It is another embodiment of the

3s invention to wash the wire 13 when exiting the
tank 10 (past walls 10a and 10b) and to employ
the wash water to wash ;he shafts 14 by, for



bars 23a provide electricity for the anodes 12 and are preferably renD bIe

w th anode supports 24 to allow renoval of the wire 13 r[fhgrs}l@tmme

tank, repair of wire breaks, etc. FIG 1 shows one elec Fnd
when nmultiple cells are enployed groups or banks of eac

electrically wired in parallel circuit _tqgallow repair o |n i"vi dua
cell or its auxiliary equipment. 8 Pure copper wires 13a 13a', 13b and

13b' are passed aeﬂﬂ;sﬁéltﬂ@édih@ﬁs tRLSUBNst ke t aPKed@ a3d around sets of
electrlcally condu tlve sh 1 %sho ﬁZA J_ets gf shafts 14a and
14a', and 14b andci gﬁ? ng-¥o ?gfﬂSMQS P =
shafts free of metallic build-up and reduczng :
the electrical resistance of the wire to shaft
5 contact. Wires exiting tankaio for take-up on
reels or coils 20 are preferably air vacuum
dried. _
_ - Another feature of the invention
utilizes annealing of the wire in at least one
10 point during the process. The annealing tends
to modify the crystal structure of both the
startlng Wire and the plated copper resultlng in
a process which has increased operatlng
efficiencies (less wire breaks, etc.) and which
15 produces a plated product having enhanced
physical and electrical properties. The
conventional annealer is not shown and annealing
will generally be performed on the engrossed
wire which wire will then be drawn to the
20 desired size for sale and/or as feed wire_for _
' the process. It is also contemplated to perform
annealing and drawing operations between cells
providing a stepwise process to obtain the

.desired sized finished product.



of wires. As shown in FIGS. 1 and 2, separate wires- 13a and 13b are

vertically disposed on the set of shafts 14a and 14b hse 538
13a, and 13b' are vertically disposed on the set of. sh w b

The el ectrically conductive shafts nmay be independentl| t or s- 28

(shown as notors 28a and 28b). The shafts may be grooved ot her
advant ages, ease of renoval of the wire Bhd-the shafts: fronlthe tank as an

integral unit to repair W re breaks, rtjn he process, etc. The
starting base copper wires 13a, 13a—ik§bia-|4§— 3b' act as cathodes and are

delivered to thelrotating shafappdraameaimd fpmmdsing cepperIv¥ifahown as
5 Ihorder " B e dn el MR 56 2,
out of the tank soppgraMime ¢faid mppadatngiremndisirgn: 10a', 10b and 10b
A doubl e wal ked tank as show) | tdH0Sheah AL t?d’]p&)i:?é an :
electrolytic bath;
(b) anode means in said bath forming
passageways along the length of the tank;
(c) means for passing at least two
10 wires through passageways in said tank said
means comprising either:
i) one set of twe drive shafts
each positioned externally at opposite ends of
. the tank means and being used to transpoxt at
15 least two_startiﬁg wires through the passageways
in the tank means by the wires being fed to the
shafts and wound in a continuous manner about
the shafts and extending back and forth
therebetween and through the tank means or
20 : i1i) multiple sets of drive
' shafts, each set of two shafts being positioned
- externmally at opposite ends of the tank means
; and each set of shafts being used to transport
at least one wire through the corresponding
25 passageways in the tank means by the wire 6r
wires being fed to each'pair of shafts and wound
in a continuous manner about the respective
shafts and extending back and forth therebetween
and through the tank means and means for
30 withdrawing the wires eledtrodeposited with
copper;
| (d) means for applying an electrical
current between the anode means and the copper
wires acting as cathode means; and
35 . - (e) means for feeding the starting
wires and for collecting the electrodeposited

% T e L oM s %

copper wire.




the electrolyte | eaking out through walls 10a' and.10p' _to be tr in

t he doubl e WZ"/{II and recycled, e.g., to the tank 10 tﬂ?‘ ceh R a{%gdSI udge
and/ or el ectrolyte may be renoved through pipe 19 and Hu r ol
flow of the electrolyte 11 or sludge to a recovery an on-
section or recycled to tank 10. A bottom sloped tank 10 is shown which
facilitates collection and renoval of thel8ludge. The wires engrossed by
the electrolytic action are taken off shafts 14 (shown as 14a, 14a', 14b
and 14b') and wourd in coil SSRE 3RRAZR G (kSR D ¥ sHERATEin2GRe 20a', 20b

and 20b') and nay teakimiesis bs tdensae At s et ewéi @gakhgighafts on

respective ends of, the tank., e, (AN YAl A J08, 208, 10, and 182" and 10b

pass through and the shafts are positioned to
'5 provide a substantially paraliel path'for the
wire in the passageways of the tank means.
3. The apparatus of claim 1 or 2, wherein
the anode means are spaced to provide a single
anode row adjacent each length of wire as it
10 passes through the tank means.
4. : The apparatus of claim 3, wherein
there is a double anode row in the space between
lengths of the wire passing through the tank
means except in the passages adjacent the side
15 walls of the tank. ‘
5. The apparatus of any one of claims 1-
4, wherein auxiliary converging shafts are
provided between the drive shafts and the tank
means to alter the path of the wire in the tank
20 means and to decrease the distance between said
wire paths.
6. The apparatus of any one of claims 1-
. 5, wherein the anode means have nonconductive
separating means thereon. _
25 7. The apparatus of claim 6, wherein the
starting wires are fed from flyer pay-offs.
8. The apparatus of claim 7, wherein
' dielectric conduit pPipes are positioned in the
course of the first passage of each starting
30 wire through the tank and inserting the wire
therethrough.
9. The apparatus of claim 8, wherein
inverted U-shaped nonconductive protectors are
placed vertically about the horizontal paths of
35 the wires in each passageway in the tank.
10. The apparatus of claim 9, wherein a

vertical support means with apertures is

A R




openi ngs 15 which may be of any configuration and size
the wwre to pass therethrough. Usually, for a circul ar
will also be circular and of a size |large enough to all
t hrough wi t hout undue friction. For sone applications h

=

fros
n
[EEY
(6]

desirable to enhance the electrolyte cirgulation in the tank, e.g., to
m nim ze diffusion |ayer boundaries and &fus i nhibit current density

permit tho passade ST ara 1Y FecRrn, A8fpudwitn Bh8 R

ecially sized-to

ﬁ§frates. The

size of the openihergtlss nayse tbreadedprbrongbrease fromthe bottomto the
top of tank 10 tojgenerate '@hH%{:?&E&EhQ%E%i&iﬁ 19, thgetanty The

wire-electrolyte interphase nay also be_agitated by, e.

resonance

vi brations of theth@yeRl|inpniatiprgappale %F?’{‘SiﬁthBrﬂéﬂildsele&l and 10b'

may al so be used tnstessl of thectghk. ‘

12. The apparatus of any one of the

preceding claims, wherein multiple sets of drive

shafts are employed and there is a slit in the

inner walls of the tank to enable removal of the

10 drive shafts and wires as an integral unit from

the tank.

13. The apparétus of claim 11, wherein the

drive shafts have grooves.

14. The apparatus of claim 5, wherein

15 multiple sets of drive shafts are employed and

there are at least three sets of drive shafts

and the drive shafts are triangularly disposed.

1s5. The apparatus of claim 5, wherein

multiple sets of drive shafts are employed and

20 the drive shafts are angularly disposed to the

longitudinal dimension of the tank.-

1s6. A method for producing copper wire by

. electrodepositing copper onto a starting copper

wire comprising:

25 - (a) providing a bath of electrolytic

fluid with dissolved copper therein;

(b) pfoviding a plurality of anode

means arranged in spaced and parallel relation

with respect to one another in said bath and

30 defining spaced parallel passageways;

(¢) providing at least one set of

external drive shafts, each shaft being

positioned at oppos{te ends of the tank;

' (d) introducing at least two starting

35 copper wires into said bath either by

i) introducing two. wires on the

same set of drive shafts and threading said

o+ € L M o-8§ x



openings, the width of the slit also may increase tovvanﬁst’.hlaeﬁt:1
tank for a uniformelectrolyte flow For enbodinents: fr @
and external drive shafts nmay be renpved fromthe tahk unlt
as discussed above the walls 10a, 10a', 10b and 10b' ‘w II ave sI its to
enabl e renmoval fromthe tank. Another featg{e of the inventionis to

prevent el ectrodeposition on the wire 13 u 1" the wire is effectively

cl eaned, for exanpl 0 e el.ectraly one or
nor e such passes thr outg&% ttﬁ%c’?%&k%% fb?h and %B“oggctc‘:%r?pl %S%Pbgw%sfs
exanpl e, by passi ngwe&éxh mchewa‘eemr@rwerxglme th&nklaﬁ@m a dielectric

conduit (‘pi pe) posi bleRadn RH@d2RE FhalkkgRassi Ng the wire above or bel ow
the effective anode surface. A hoist used to replace the corroded
(depl et ed) ii) when more than one set of

5 drive shafts is present intréducing at least one
starting copper wire into said bath on each set
of externmal drive shafts and threading said
wires through the bath and along the passageways
with each wire traversing the passageways

10 between the set of shafts;

(e) continuously passing each wire
through said bath-between the set of shafts
including the steps of withdrawing each wire
from the bath after each passageway is traversed

15 and reintroducing each wire a plurality of times
into said bath so that copper is
electrodeposited on each wire as it travels
along each corresponding pésgageway between the
shafts;

20 (£) simultaneously applying an
electrical current to each starting wire and to
said anode means so that the wires act as a
cathode and copper ions are electrodepogited on
the wires, thereby progressively incréasing the

25 cross-éectional area thereof; and

(g) continuously withdrawing the
engrossed copper wires from said bath as they
reach the desired engrossed size.

17. The method of claim 16, comprising

30 water washing of the engrossed wire or wires
issuing from the electrolytic tank and employing'
the wash water to wash the external shafts.

18. The method of claim 16 or 17,
comprising continuously monitoring the engrossed
3s wire size as it issues from the tank.

19. The method of any of claims 16-18,

comprising continuously- monitoring the
O A



it is preferred to protect the cathode wre curtarns

during the replacenent operation by, for exanple, ins
‘U- shaped nonconductiveé protectors over the wire curta
repl acenent. FIG 3 shows an enbodi nent of the |nvent|on mherern the W res
to be engrossed are passed around auxi l-i &1y -converging rollers 30 which act

.10 anodes is not shown in the figures. Wth regard to r Iﬂ31 ﬁ ‘ﬁnodes

to equalize stretchin

t hem

of the wiire and to alter the direction of the wires

and consequent |y, ®2aPEEF1EAL SPREFAGEVAFYIRE HRPeCRFTOEF A& izmhIEa0

relative to the anedessiesabBgdomaBkestdakwal | s 31. For

cl ose anode to

10

15

20

25

wherein the electreolytically engrossed wires are
drawn and/ér annealed using és lubricant or
cooling means a solution containiné some of the
reagents or additives normally incorporated into
the electrolyte during copper electro-refining
or electrowinning operations.

21. The method of any of claims 16-20,
wherein the wire is engrossed up to about 200%
by weight of the starting wire.

22. The method of any of claims 16-21,
wherein the ratio of the shaft diameter to the
engrossed thickness of the electrodeposit is
greater than about 100. ' .

23. The method of any of claims 16-22,

wherein the ratio of the cathode current density

to anode current density is less than about 15.

24. . 'The method of any of claims 16-23,
wherein wire produced in accordance with the
method of any one of said claims is reintroduced
into said electrolytic tank after it has been
drawn and annealed sc as to again engross it to
a desired finished state.

25. The copper wire produced using the
method of claim 16. |

many processes a
20. - The method of any of claims 16-19,

* c L M $ *



wire spacing is desirable, e.g., to reduce the electrical energy required
to produce a unit of engrossed copper by mnimzing the voltage drop

t hrough the bath. The converging rollers 30 may be novabl e or size
interchangeabl e to control the anode-cathode spacings. Spacing may al so be
controlled by positioning the anodes on the anode supports 24. In one
enbodi nent, double rows of anodes 26 (as shown in FIG 3) nay be used to

f orm passageways 16, with each row being pegitioned laterally relative to
the wire curtains for maxi numcurrent efficiency. The anodes nay al so be

ﬁguanode4cathode spaci ng.

e eBect of mnimzing ohmc
Ar®yte to increase.

or the -

-

Thi s vari abl e anode-cat hode $pact,ng
heati ng whi ch causes the tenpera®
However, when the enpl oyed cur r eNt
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el ectri cal

resi stance through the bath are relatively low the electrolyte
| osi ng heat by convection to the anbient air cools fromits nornal
tenperature of about 50[err] to 60[err]C

I n one enbodiment therm c covers
32 are provided as showmn in FIG 1 (partially) and FIG 2 (the conplete
cover) to cover the top of 11 the tank during operation and if being
used to el ectrow n copper,

such covers additionally can be sem -
permanent|ly affixed thereby effectively controlling theybothersone acid

mst resulting fromthe liberation of 0x3/§en at the anodes. FIG 2 also
shows vertical support 29 usually |l ocated at about the nmid center of the
<
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f&#om PVC or

anot her

12 to enable mnimzation of t

W re.

ot her

enbodi nent ,

sui tabl e materi al

FIG 4 shows such a gonfj
wire 13a" (note there is ony %
that the tank size needed to e
configurations not enpl oyLng CONVET

shafts 14, particularly tgl

hori zontal |y cl oser togel heg [TACEST

S

)y

il
il

and havi.ng apertures to thread the
wi res therethrough and act to stabilize the .position of the curtains.
converging rollers 30 may be used in conjunction with
tTiangul ar spacing of ‘the external :shafts 14 and wi th spacing of the anodes
' needed to produce the engrossed
I ng addi ti onal
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gdch shaft) and it will
i%¥es may be | ess than ot her
|l ecs 30 and spaced external
rl yrspaced—& nce the wires are packed
thi$§ aspect of the invention,

be not ed



advant ageous to maxi m ze the cathodic surface area exposed to electrolysis
in a given section of tank in order to minimze the capital cost of the
comercial installation and optinize the efficiency of the system In this
fegard, it is economically advantageous to optimize the vertical distance
between the wires in a curtain and the spacing between each wire curtain
and the adj acent anode. For a given anode current density, as defined in

t he begi nning of this disclosure, t he jf/@regoi ng concepts result in the

hi ghest quality deposit of copper on the starting 12 wire and the nost

cost effective operation of the system Expressed||1cﬂ@&erent:iprns an
| nportant objective of the
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Lnvention is to design the systemso that the ratio of cathode current .
density to anode current density which is typically greater than 1, is

mnimzed and is typically less than 15, preferably between 1 and 10. For
'xanpl e, a system enploying a cathode current density of 120 anps/ft2 and
an anode current density of 18 anps/fiadrgacdenonstrated to be practi cal
and suitable. An alternative enbodi nent of the invention wherein the nunber
of wire curtains in a given tank is maxim zed as shown in FIG 5. The
external shafts 14 (14a and 14a') are aligned on an axis angul{@i9pré dposed

to the | ongitudinal ?@gﬁgﬁ%qﬁgng BERAPHK - FERWEBE OENBCTROL.878c30 are placed

to direct the wires note there is onI¥Rone W re on each

~shaft) in a parallel closely BERORUQTEPNpGE| EPBRER AWERBUgh the size of t he
tank 10, wires 13, sets of : '

A method and apparatus are disclosed for producing
copper wire by electrolytically engrossing a copper
starting wire (13). The invention utilizes an electrolytic
tank (10) employing a pair or pai:s of shafts (14)
positioned externally of the tank upon which.a nminimum of
one but generally at least two starting wires (13a, 13a’,
3b and 13b’) are transported on each pair for transfer of
the wires through the tank. Multiple tanks, e.g. 10 to
1000 or more, may be used in a single facilify for refining
or electrowinning prdcesses depending on the quantity of
copper wire desired to be produced.
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shafts 14 and nunber of anodes 12 may vary widely, it is expected that nost
users'will enploy starting wires up to about 4 mmdianeter, usually 1 to 2
nm di anet.er and produce finished wires up to about 6 nm di amet er y 8y
about 2 to 4 mmdianeter. A preferred efdgrossnent dSuhsituig pheets- G% f@

about 150% based on the weight of the starting wire. Usually the wre WI¢|‘
be engrossed about 25%to 200% or nore, e.g., 100%to mmimp\apﬁ@mts

enbodi ments shown in FIGS. 1-3 enploy tw sets of shafts and i _ bai@ng
Wi res on each set of shafts a single W|re or addltlonal W ra m a be

engrossed on each. set of M g ad nal sets of ..

shafts and anodes 12 EE EEBiﬁQ | 0 E!S ﬂ ° RPN

BACKGROUND OF THE INVENTION

The present invention relates to a continuous
commercial electrolytic process for the engrossment of wire
and, in particular, to a method and an apparatus for the
electrorefining or electrowinning of metals, particularly

coppe_r', by electrodepositing _the metal .onto a metal si:artin‘g
wire during the process. '

The conventional method of producing copper wire used
throughout industry starts with pure copper plates commonly
named “cathodes" which are about 3.3 £t (1000 mm) square and
about 5/8 inch (15 mm) thick. The cathodes are formed during
electrorefining or electrowinninq operations by
electrodeposition of pure copper on thin starting sheets of
refined copper or on a metal such as stainless steel from which
the deposit is stripped. These starting sheets, also measuring
about 3.3 £t square but about 0.04 inch (1 mm) thick, have to be
intermittently introduced into the electrolytic tanks as the
engrossed refined cathodic plates are removed as finished
product, both operatiocns using manual work. In addition, the
electrolysis is generally carried out at low current densities
which is defined as the amperage applied to the tanks spread
over the immersed surface area of the total number of the
cathodic starting sheets present (cathode current density), or
expressed in terms of the_ wetted areas of the crude copper 1
anodes being refined or inert anodes in electrowinning
operations (anode current density). Low densities are generally
inefficient since the quantity of copper deposited is directly
proportional to the,amount of current applied. Notwithstanding,
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13 The size of the tank 10 will vary depending on the engrossnent desired
and the nunber of wivres to be sinultaneously electroplated, as well as on
t he throughput to be achieved. For a design as shown in FIG 1, the |length

of the tank 10 may be up to 40 feet, or 2 onger and Sybstiute sheet hil §H2/9%§
hi gher. The drive shafts 14, 14a', etc., are preferably made of an

el ectrical conductive corrosion resistant material sucﬁh%sisqﬁgpep\aoemem shaet
stainless steel and are up to about 600 mm di aneter. The

W I € sSRE t ugh
the cell can vary substantially depending on the | ength of thhfgeﬁfa, ‘p%@
nunber of starting wires, the degree of engrossnent an@dWe current density

used. It i ' t f I | t tihe ¢haf | ter .
be correl :ﬂsigg Iltl'Jo 'Q[ﬁ%é:te\%gr %ng}f%{%sn %x:[eh ggaegéréxgge%%m Md brgé&ﬁg
art to improve throughput and decrease the cost of producing a
unit of copper as the quality of the plated metal thereby
obtained in conventional tanks would be debased and/or the

resulting roughness of the product become undesirable.

To manufacture wire the cathodes then have to be
melted, cast and hot rolled in a separate and complex facility
to produce rod which is normally 5/16 inch (7.94 mm) ;n
diameter. This rod is then converted to wire, e.g., electrical
wire. The first step in this process is the "rod breakdown"
where the rod is cold drawn to about AWG #14. (1.628 mm). The
intermediate wire after "rod breakdown" is further cold drawn to
the final product size. During the cold drawing operation the
wire must be periodically annealed.

Thus, the conventional method of copper wire
production starting with an electrorefining or electrowinning
proéess consumes much energy and requires extensive labor and
capital costs. The melting, casting and hot rolling operations
also subject the.product to additional oxidation and potential
contamination from foreign materials such as refractory and roll
materials which can subsequently cause problems to the wire
drawers generally in the form of wire breaks during drawigg.

The prior art has attempted to overcome the problems
associated with the conventional methods for the production of
wire and rod by utilizing continuous electrolytic processes
whereby a pure copper starting wire is engrossed by passing the
wire ‘as a cathode through a tank containing electrolyte and
using impure copper or lead as the anode. Many patents have
been issued over the years in this area but the need exists for
more efficient electrolytic wire making processes and apparatus
which are commercially and economically feasible.



engrossnment to avoid undue stresses which may cause breaking of the wire
during the engrossnent process. In general, the ratio of the shaft dianeter
to the engrossed thickness of the el ectrodeposit defined as the final

di aneter minus the starting dianeter val3ie di vi ded Sybstitutevsheetoe18/2/98er

t hars about 100. The follow ng- TABLE 1 shows sone sanple.w,re TS Rt
for a starting wire of AWG 15 (1.45 mm) and the resHBV§H%h§%§¥@ﬂglang?er t'o-

plating thickness ratio (Ratio). TABLE 1 Finish Pl at § 098
Ratio (B/'A) Di ameter Thi ckness(A) : % D haf'!r%iﬁgrgreg er (B)
(mm Engr ossnent 101.6 mm 304.8 mm 1.776

. 163 50 U.S. Patentg2M®. 1,058,648 destyibes electrgdepositing
igg coppetd bnto wire /ByY advahking the wiFslin a vat of ePéftrolyte

in’ a’ continuous series of endless travelling loops. U.S. Patent
No. 4,097,354 shows the continuous electrolytic plating of metal
using moving cathodes and anodes in the form of sheets or '
plates. U.K. Patent No. 1,172,906 is directed to producing
copper wire by electrodeposition in a continuous process
comprising continuously forming an elongated member by
electrodeposition on a moving cathode surface, stripping the -
member from the cathode surface and passing it through'
electrolyte adjacent to anodes to build up its thickness. U.K.
Patent No. 1,398,742 shows a continuous process for
electrodepositing copper onto wire by guiding the wire as a
cathode through the bath by a plurality of rolls describing any
adequate path and, upon emerging from the bath, paSéing the wire
through washing means. U.S. Patent No. 4,196,059 discloses a
method and an apparatus for continuously introducing separate

. thin copper wires as a cathodic starting or base surface for one
pass through a tank for refining impure copper anode blocks
thereby engrossing said wires by electrolytic deposition to a -
large diameter rod (about 20 mm). It is claimed that the
process may be operated at high current densities without

contamination of the refined rod by the normal impurities found
in the anode slime residues.

U.S. Patent No. 4,395,320 also discloses an
electroplating apparatus to engross a wire consisting of a
cascade of electrolytic baths separated by rollers pressing on
the wire being engrossed in order to smooth its rough surface
caused by the high current densities utilized in the process.

U.S. Patent No. 3,676,322 discloses an apparatus and



14 For the preferred node of operation, the wire will be engrossed froma
wire size of about ¥ to 2 nmto a finished wire size of about 1.8 to 3.2
nm " The preferred shaft dianeter is about 100 to 330 nm .l ncreas ;

t hroughput and operating efficiencies wall general 9b§%§5?9%8 TﬁgV%§%§ng

t he-nunber of wire windings on the shafts 14 for each wire size bein
engrossed and the nunber of windings per shaft is Fgiédke Fplacrment;
capacity of shaft contact. Generally, up to about 160 wi ndings p starting
wire may be enployed. A center to center vertical paig SRR®@ %&BO he wires
formng the curtains in the cathode passageways 16 .

method for continuously producing an electrolytically plated
wire which comprises passing a single wire repeatedly in and out
of an electrolyte contained in tanks positioned between éxternal
guide rolls. The rolls pass the wire continuously through the
tanks in a stepwise manner back and forth between the guide
rolls with the wire as the cathode and anode electrodes to

. effect electrolytic plating. ’

U.S. Patent No. 4,891,105 shows a method and
apparatus for engrossing a single copper wire by passing the
- wire a plurality of times around electrical conducting external
motorized shafts to form at least a pair of wire curtains in the .
tank. The wire traverses a number of lengthwise passageways a

number of times in opposite directions during the engrossing
process. 7

U.S. Patent No. 3,929,610 shows the electroformation
of metallic strands of infinite length by continuous
electrodeposition of metal on a conductive strip having a
narrow, closed-loop plating surface.

U.S. Patent No. 4,053,377 is not directed to
producing wire and is of interest to show the electrodepositing
of copper onto a cathode under conditions of non-turbulent

electrolyte flow achieved by means of a venturi section and a
single cathode-anode pair. '

The disclosures of all of the above patents are
hereby incorporated by reference.

While the prior art has made many advances in this
art, the need exists for improved methods to commercially
produce copper wire and it is an object of the present invention



of up to about 20 mm may be used with a spacing of about 2 to 14 nm e.g.,
5 to 12, generally enployed. It nmay be desired for nmany applications to

monitor the current efficiency of the process by continually neaSUééﬂg t he
di ameter of the wire in at |east one poisit in the Substitute shaater b 8

avaid abl e optical or |aser devices 21 such as a Control ogic non af sheet
gaugi ng devi ce woul d neasure the wire dianeter and cdhbaﬁéhﬁﬁgpﬁgggﬁred

value with a predeternm ned val ue. Based on the conparison,“izﬁFﬁﬁrwam
efficiency can be determ ned and appropriate action 3%5@% e current
efficiency is less than a desired |level. For exanpl €& e. current

eL ficiencyol g;abiaetﬁpbi»aﬁiwahangrb@égw fidre eXfedeivally tdved cat-hode and by
t he conposit,l. I be conpensated for
by tenpor %rflkll')% g'reggﬁ%i %nﬁf%ivn\n@r )'e&g‘ﬂ%e &éﬁllqe\éab%ewgg¥

unti | the cause of the | ow current
ef fi ci encpliestrolytically.

Other objects and advantages of the invention will be
readily apparent from the following description which will be

directed for convenience to the engrossment of copper wire with
copper.

I ON

It has now been discovered that a starting material
such as wire may effectively and efficiently be engrossed
electrolytically by employing an apparatus in which the wire is
transported horizontally'through the apparatus in the form of
vertical curtains and which has a number of improvements over
the prior art. 1In one embédiment at least one set or pair of
external drive shafts located at opposite ends of a tank are
used upon which at least two wires are transported and are
passed repeatedly in and out of a specially designed
electrolytic plating tank at a desired speed and/or current

_density and/or number of passes until the desired size engrossed
wires are obtained. In another embodiment, multiple sets of
external drive shafts are employed with single or multiple
starting wires thereon for engrossment. In either single or
multiple shaft embodiments, converging rollers may be used to
alter the path of the wire and to pack the wire curtains
horizontally closer together. Another embodiment employs wire
converging rollers and uses-the rollers in conjunction with-
multiple sets of specially placed, e.g., angularly or
triangularly, external drive shafts, which embodiments minimize
the tank size needed to process a particular number of wires.



corrected. Another process control feature nonitors the wire feed speed and
the wire renoval speed for breakage detection. Based on a conparison of
these two speeds, breakage may be detected and corrective action taken.
Wre tension neasurement 15 and the ngnitoring @ubstiute shee¢t - 18/2/98
conductivity may al so be enployed as a process control features. It is ,
anot her enbodi nent of the invention to wash the wire Ihisdsethecsepldacement shoet

tank 10 (past walls 10a and 10b) and to enploy the wash water, to ﬁgsﬁpahe'
shafts 14 by, for exanple, flooding. This has the effe&“f d&aﬁ g e
wires and al so of )

BRIEF DES PTION OF RAWING

FIG. 1 illustrates the top view of one embodiment for
the electrolytic plating of copper wire and the production of

engrossed wire in accordance with the principles of the present
invention.

FIG. 2 illustrates a cross-sectional side view of

said apparatus taken from the perspective of section 2-2 in
FIG. 1.

FIG. 3 illustrates the top view of another embodiment
of the invention.

FIG. 4 illustrates the top view of an embodiment of
the invention showing only the wire converging rollers and
multiple external triangularly placed drive shafts.

FIG. 5 is a top view of an embodiment of the
invention showing multiple external drive shafts employing

converging rollers and drive shafts angularly disposed to the
axis of the tank.

D ILED I ON OF T TON

Thé éresent invention relates to a method and
apparatus for the continuous production of engrossed wire by
electrodeposition of metal onto a cathodic starting wire using
impure metal or inert materials such as lead for the anode and

will be, for convenience, directed to copper metal and copper
starting wire.

FIGS. 1 and 2 illustrate top and side cross-sectional
views of one embodiment of the present invention. References



keeping the shafts free of netallic build-up and reducing the electrical

resi stance of the wire to shaft contact. Wres exiting tank 10 for take-up
on reels or coils 20 are preferably air vacuumdried. Another feature of

the invention utilizes annealing of theMire in at $uhstitutmeheet ni8d249&g
the process. The annealing tends to nodify the crystal structure of both
the starting wire and the plated copper resulting in dT@BO&é@%'WM?QﬁW?ﬂ%?h..t
i ncreased operating efficiencies (less wire breaks, etc.) and gﬂkﬁa.mga
produces a pl ated product havi ng enhanced physical and ctrl

properties. The conventional annealer is not shomn and ealing w ||

general | YaE'% ﬁaaEOhaEQ;ﬁmté *H‘he%r eResd ﬂ Jéfﬁ Slirkenthl| THED be drawn
to the desj shnﬁ fOé sal e %ﬁﬁ g as fe W re ftor thng gcess S

al so cont & BEOES pROYR AR Hhfe Fﬂﬁe%rﬂf’%%yn@‘&ﬂ??% ] %‘E‘%‘e%n cells
provi di ngbut the drawxngs and accompanying description illustrate the

principles of the present invention. Similar numerals designate
similar items in all figures.

A tank 10 made from a suitable material such as PvVC,
high density polyethylene, fiber reinforced polyester or other
synthetic materials and polymer concrete and having .end walls
10a and 10b and inside walls 10a; and 10b, holds the |
(electrolyte) electrolytic bath 11. A preferred material of
construction is polymer concrete. Anodes 12 (groups of four are
shown) are arranged in rows as in FIG. 1, forming uninterrupted
parailel channels or passageways 16 for the wire 13 (shown as
four (4) separéte wires 13a, 13a‘’, 13b and 13b’) to pass through
the tank. The anodes 12 may be of varying height to compensate
for any sagging of wires 13 in the tank. A nonconductive
separating'means 27, e.g., strips, on the anode 12, usually up
to 1" thick depending on the size of passageway 16 may be
employed to minimize shorts caused by contact of the wire 13
with the anode 12. The strips may be placed in any convenient
form on the anode--usually vertically or positioned above and
below the wire curtain to keep the anodes spaced from the wire.
Strips 27 are shown in FIGS. 1 and 2. Anode baskets may aiso be
used as known in the art. Membranes may be employed betweén the
wire 13 and anodes 12 to minimize sludge and’/or gas
contamination of the wire. An anode buss bar 23 and connecting
bars 23a provide electricity for the anodes 12 and are
preferably removable with andde supports'24 to allow removal of
the w1re 13 for cleaning of the tank, repair of wire breaks,
etc. - FIG. 1 shows one electrolytic cell and when multiple cells
are employed, groups or banks'of each cell may be electrlcally
wired in parallel circuit to allow repair of an individual cell
or its auxiliary equipment.



a stepwi se process to obtain the desired sized finished product. 16
CLAIM5S 1. An apparatius fer producing copper wire by el ectrodepositing
copper onto a starting copper wire said apparatus conprising: (a) t ank
nmeans for holding an electrolytic bath; 8(b) anodSubstibste shessi-d1$/:2/88
form ng passageways along the I ength of the tank; (c) one set of two

drive shafts each positioned * external |y at oppogiii & ﬁﬂﬁ&pﬁﬁcemﬁé\tt?m

means and :
base: o) 8 FEB 1998
Pure copper wires 1l3a, 13a‘’, 13b and 13b’ are passed
_a plurality of times through the tank 10 and around sets of
electrically conductive shafts 14 (shown as two (2) sets_of
shafts l1l4a and 1l4a’, and 14b and 14b’) forming four curtains 25
of wires. As shown in FIGS. 1 and 2, separate wires 13a and 13b
are vertically disposed on the set of shafts 1l4a and 14b and
separate wires 1l3a. and 13b’ are vertically disposed on the set
of shafts 14a’ and 14b’. The electrically conductive shafts may
be independently driven by motors 28 (shown as motors 28a and
28b). The shafts may be grooved for, among other advantages,
ease of ;eﬁoval of the wire and the shafts from the tank as an
integral unit to repair'wire breaks, starting the process, etc.
The starting base copper wires 13a, 13a’, 13b and 13b’ act as
cathodes and are delivered to the rotating shafts from payoff
' coils or reels 17 (shown as 17a and 17b with 17a’ and 17b’ not
being shown), preferably twisted on the fly in order to impart
axial rotation, and are transmitted thereby into and out of the
tank a plurality of times through walls 10a, 10a’, 10b and
10b’. A double walled tank as shown in Figs. 1 and 2 enables-
the electrolyte leaking out through walls 10a’ and 10b’ to be
trapped in the double wall and recycled, e.g., to the tank 10
through pipes 18. Sludge and/of electrolyte may be removed
through pipe 19 and valves 22 control flow of the electrolyte 11
or sludge to a recovery and/or purification section or recycled
to tank 10. A bottom sloped tank 10 is shown which facilitates
collection and removal of the sludge. The wires engrossed by
the electrolytic action are taken off shafts 14 (shown as 1l4a,
14a‘’, 14b and 14b’) and wound in coils or reels on takeup 20
(shown as 20a, 20a’, 20b and 20b’) and may be driven by the same
motors actuating the shafts on respective ends of the ténk.

The tank walls 10a and 10b and 10a’ and 10b’ have



being used to transport at |least two starting wires through the passageways
In the tank neans by the:wires being fed to the shafts and mnund in a

conti nuous manner about the shafts and extendi ng back * : ?é&&

t her ebet ween and t hrough the tank neans9and means ﬁb\bsW‘fWo?"éﬁﬁtng %ires
el ectrodeposited with copper; (d) means for applying an electrical

current between the anode neans and the copper w resTMsuSH@@mémt
means; and (e) means for feeding the starting wires and for collecting
the el ectrodeposited copper wire. paiec 1 8 FEB 1988

openings 15 which may be of any configuration and size necessary
to allow the wire to pass therethrough. Usually, for a circular
wire the openings 15 will also be circular and of a size large
enough to allow the wire to pass through without undue

friction. For some applications however, it is desirable to
enhance the electrblyte circulation in the tank, e.g., to
minimize diffusion layer boundaries and thus inhibit current
density effects, and the openings 15 in walls 10a’ and 10b‘’ are
specially sized to permit the passage of electrolyte
therethrough at controlled rates. The size of the openings 15
may, for example, increase from the bottom to the top of tank 10
to generate a uniform flow'pattern in the tank. The
wire-electrolyte interphase may also be agitated by, e.g.,
resonance vibrations of the wires in the curtains. A slit in
the walls 10a’ and 10b’ may also be used instead of discrete
openings, the width of the slit also may increase toward the top
of the tank for a uniform electrolyte flow. For embodiments
from which the wire ahd external drive shafts may be removed
from the tank as an integral unit as discussed above the wallé-

10a, 10a’, 10b and 10b’ will have slits to enable removal from
the tank.

Another feature of the invention is to prevent
electrodeposition on the wire 13 until the wire is effectively
cleaned, for example, by the action of the electrolyte, e.g., by
one or more such passes through the tank 10. This may be
accomplished, for example, by passing each wire 13 entering the
tank 10 through a dielectr%c conduit (pipe) positioned in the

tank or by passing the wire above or below the effective anode
surface.

A hoist used to replace the corroded (depleted)



17 2. The apparatus of claim 1l wherein the tank nmeans is doubled walled at

- the ends with openinys in-the inner walls for the wires to pass through and
the shafts are positioned to provide a substantially parallel path for the

wire in the passageways of the tank neamn®. 3. The aPpbstiute sbeetl di8/2498

wherein the anode neans are spaced to provide a single
each length of wire as it passes through the tank meansrﬁg Q‘%q_ﬁ%‘%{@&gﬁéﬁ{‘%ﬂ

of claim 3 wherein there is a double anode row in the space betmeen I ths
of the wire passing through the tank nmeans except in tmasségasfﬁﬂiﬂ
the side walls of the tank. 5. The apparatus of claim 1l wherein aUX|I|ary«=v~

conver gi ng Hdds’ 13 hok’ SHbGE i PN Pfrigu.]gs dr i e Bala$a?0d ;:gflacing
the anodes, it is preferred to protect the cathode wire curtains
25 by shielding them during the replacement operation by, for
example, inserting inverted U-shaped nonconductive protectors
over the wire curtains during anode replacement.

FIG. 3 shows an embodiment of the invention wherein
the wires to be engrossed are passed around auxiliary converging
rollers 30 which act to equalize stretching of the wire and to
alter the direction of the wires and consequently, alter the
spacings of the wires 13 in the tank 10 relative to the anodes
12 and tank side walls 31. For many processes a close ancde to
wire spacing is desirable, e.g., to reduce the electrical
energy required to produce é unit of engrossed copper by
minimizing the voltage drop through the bath. The converging
rollers 30 may be movable or size interchangéable to control the
anode-cathode spacings. Spacing may also be controlled by
positioning the anodes on the anode supports 24. In one
embodiment, double rows of anodes 26 (as shown in FIG. 3) may be
used to form passageways 16, with each row being positioned
laterally relative to the wire curtains for maximum current
efficiency. The anodes may also be moved during the process to
maintain the desired anode-cathode spacing. fThis variable
anode-cathode spacing also has the effect of minimizing chmic

heating whlch causes the temperature of the electrolyte tc
increase.

However, when the employed current density and/or the
electrical resistance throdgh the bath are ‘relatively low the
electrolyte losing heat by convection to the ambient air cools
from its normal temperature of about 50°to 60°C. In one
embodiment thermic covers 32 are provided as shown in FIG. 1
(partially) and FIG. 2 (the complete cover) to cover the top of



tank.-means to alter the path of the wire in the tank neans and to decrease
t he distance between' said-wire paths. 6. The apparatus of cla|n11 mhereln
t he anode neans- have nonconductive separating means_t her eon.

apparatus of claim6 wherein the starting wires ar esﬂwlﬁ‘#tﬁﬁhﬁ??erm/z’gs

pay-offs. 8. The apparatus of claim7 wherein diel ecL ik Gs wg&p;&qmqﬁssm
positioned in the course of the first passage of eac

the tank and inserting the wire therethrough. 9. The appar at1u8 FEB 4438 m 8
wherein inverted 18 Substitute sheet - 1B&98 B

the tank during operétion and if being used to electrowin
copper, such covers additionally can be semi- permanently.
affixed thereby effectively controlling the bothersome acid mist
resulting from the liberation of oxygen at the anodes.

FIG. 2 also shows vertical support 29 usually located
at about the mid center of the tank in each passageway and made
from PVC or other suitable material and having apertures to

thread the wires therethrough and act to stabilize the position
of the curtains.

In another embodiment, converging rollers 30 may be
used in conjunction with triangular spacing of the external
shafts 14 and with spacing of the anodes 13 to enable
minimization. of the tank size needed to produce the engrossed
wire. FIG. 4 shows such a configuration using additional shaft
14a" and wire 13a" (note there is only one wire on each shaft)
and it will be noted that the tank size needed to engross the
wires may be less than other configurations not employing '
converging rollers 30 and spaced external shafts 14,

particularly triangularly spaced, since the wires are packed
horizontally closer together.

According to this aspect of the invention, it.is
advantageous to maximize the cathodic surface area exposed to
electrolysis in a given section of tank in order to minimize the
capital cost of the commercial installation and optimize the
efficiency of the system. 1In this regard, it is economically
advantageous to optimize the vertical distance between the wires
in a curtain and the spacing between each wire curtain and the
adjacent anode. For a given anode current density, as defined
in the beginning of this disclosure, the foregoing concepts
result in the highest quality deposit of copper on the starting

starting wre through_:



U- shaped nonconductive protecCtors are placed vertically about the

hori zontal paths of the wires in each passageway in the tank. 10. The
apparatus of claim9 wherein a vertical support means with apertures is
provided in the tank through which the Wire | engt hsSubstitute sheel- 46/ o
11. The apparatus of claim 10 wherein thermal insul atiThif ScipdapiRcamentsamat
provided on the top of the tank. 12. A nmethod for producing copper wire by
el ectrodepositing copper onto a starting copper wre | Si

kR
providing a bath of electrolytic fluid with dissolved Copper ﬂefégnm@_p)
providing a plurality of anode neans arranged in spaced and parall el '

relation Wrihe’&i@aHte nidbst@o8B0bFELcE e JpdrReion AW iR isyshansPaced

parall el Expressed in diffefent terms, an important objective of the
invention is to design the system so that the ratio of cathode
current density to anode current density which is typically
greater than 1, is minimized and is typically less than 15,
preferably between 1 and 10. For example, a system employing a
cathode current density of 120 amps/f’c2 and an anode current

density of 18 amps/ft2 has demonstrated to be practical and
suitable. : ’

An alternative embodiment of the invention wherein
the number of wire curtains in a given tank is maximized as
shown in FIG. 5. The external shafts 14 (14a and l1l4a’) are
aligned on an axis angularly disposed to the longitudinal
dimension of the tank. Converging rollers 30 are placed to
direct the wires 13a and 13a’ (note there is only one wire on
each shaft) in a parallel closely spaced disposition.

Although the size of the tank 10, wires 13, sets of -
shafts 14 and number of anodes 12 may vary widely, it is
expected that most users will employ starting wires up to about
4 mm diameter, usually 1 to 2 mm diameter and produce finished .
wires up to about 6 mm diameter usually about 2 to 4'mm .
diameter. A preferred engrossment of the wire is up to about
150%, based on the weight of the starting wire. Usually the

wire will be engrossed about 25% to 200% or more, e.g., 100% to
150%.

While the embodiménts shown in FIGS. 1-3 employ two
-sets of shafts and two starting wires on each set of shafts, a
single wire or additional wires may also be engrossed on each

set of shafts and/or by utilizing additional sets of shafts and
anodes 12 as shown in FIG. 4.



passageways; (c) providing a set of external drive shafts, each shaft being
positioned at opposit'e ends of the tank; (d) introducing at |east two
starting copper wires into said bath on the set of drive shafts and

threadi ng said wires through the bath anti3al ong t he $ulsstitgtavalsetnt fl B/2/88h

W re-traversing the passageways between the set of shafts; (e) continuqusly
passi ng each wire through said bath between the set Thissbahe $eplAceMentR™Phe

st eps of 19 withdrawi ng each wire fromthe bath after each

18 FEB 1998

The size of the tank 10 will vary deﬁending on the
engrossment desired and the number of wires to be simultaneously
electroplated,'as well as on the throughput to be achieved. For
a design as shown in FIG. 1, the length of the tank 10 may be up
to 40 feet, or longer and up to 5 feet high, or higher. The
drive shafts 14, 14a’, etc., are preferably made of an
electrical conductive corrosion resistant material such as
copper or stainless steel and are up to about 600 mm diameter, _
The wire speed through the cell can vary substantially depending
on the length of the cell, the number of starting wires, the
degree of engrossment and the current density used.

It is an important feature of the invention that the
shaft diameter be correlated to the wire size and the degree of
engrossment to avoid undue stresses which may cause breaking of
the wire during the engrossment process. In general, the ratio
of .the shaft diameter to the engrossed thickness of the
electrodeposit defined as the final diameter minus the starting
diameter value divided by two will be greater than about 100.

The following TABLE 1 shows some sample wire
engrossments for a starting wire of AWG 15 (1.45 mm) and the
resulting shaft diameter to plating thickness ratio (Ratio) .

IABLE 1
Finish Plating —Ratio (B/2A) -
Diameter Thickness(A) % ' Shaft Diameter (B)
- {mm) ' {m) Engrossment 101.6 mm 304.8 mm
1.776 .163 50 626 1878
. 2.292 .42 150 241 723

2.511 -531 200 191 573




passageway is traversed and reintroducing each wire a plurality of tines
into said bath so that copper is el ectrodeposited on each wire as it
travel s al ong each correspondi ng passageway .between the shafts; (f)

si mul taneously applying an el ectrical cddrent to eaShubstitate ishgetv r@&/2/88t o
sai d anode neans so that the wires act as a cathode and copper .io rhoet
el ectrodeposited on the wires, thereby progressivel yThiadsé%F%a?eﬁée'ﬁ
cross-sectional area thereof; and (g) continuously w thdraw ng the
engrossed copper wires fromsaid bath as they reach h_'destéb&EBn sed
size. 13. The nethod of reintroducing into said elec tic tank the wre

produced by the nethod of claim 12 after it has been drawn and anneal ed and
agai n engrossi ng it tPor the preferred mode of operation, the wire will be

engraossed from a wire size of about 1 to 2 mm to a finished wire

size of about 1.8 to 3.2 mm. The preferred shaft diameter is
about 100 to 350 mm.

Increased throughput and operating efficiencies will
generally result by increasing the number of wire windings on
the shafts 14 for each wire size being engrossed and the number
of windings per shaft is limited by the current capacity of
shaft contact. Generally, up to about 160 windings per starting
wire may be employed. A center to center vertical wire spacing
of the wires forming the curtains in the cathode passageways 16
of up to about 20 mm may be used with a spacing of about 2 to 14
mm, e.g., 5 to 12, generally employed.

It may be desired for many_applications to monitor -
the current efficiency of the process by continually measuring
the diameter of the wire in at . least one point in the process.
Commercially available optical or laser devices 21 such as a .
Contrologic noncontact gauging device would measure the wire
diameter and compare the measured value with a predetermined’
value. Based on the comparison, the current efficiency can be
determined and appropriate action taken when the current
efficiency is less than a desired level. For example, the.
current efficiency is affected by shorting between the anode and _
the cathode and by the composition of the electrolyte and a low
value may be compensated for by temporarily reducing the wire

speed until the cause of the low current efficiency is
corrected.

Another. process control feature monitors the wire
feed speed and the wire removal speed for breakage detection.
Based on a comparison of these two speeds, breakage may be
detected and corrective action taken. Wire tension measurement



a desired finished size. 14. The method of claim 12 conprising water
washi ng of the engréssed:wire or wires issuing fromthe electrolytic tank
and enpl oyi ng. the wash water to wash the external shafts. 15. The_ nethod of

claim 12 conprising continuously nonitotSng the enubstiddtapheetsi }3/2458%
i ssues fromthe tank. 16. The nmethod of claim 12 conjhissisriyedepRrafEl 3
nmonitoring the electrical conductivity of the engrossed wire as it issues

fromthe tank. 17. The nethod of claim 12 wherein the eI‘[@tFEB Mally
engrossed- wires are drawn and/ or anneal ed using as IEH?’%aﬁt or cooling -
nmeans a sol ution containing some of the

and the monitoring of electrical conductivity may also be
employed as a process control features.

It is another embodiment of the invention to wash the
wire 13 when exiting the tank 10 (past walls 1l0a and 10b) and to
employ the wash water to wash the shafts 14 by, for example,
flooding. This has the effect of cleaning the wires and also of
keepihg the shafts free of metallic build-up and reducing the
electrical resistance of the wire to shaft contact. Wires

exiting tank 10 for take-up on reels or coils 20 are preferably
air vacuum dried. '

Another feature of the invention utilizes annealing
of the wire in at least one point'during the process. The
annealing tends to modify the crystal structure of boﬁh the
starting wire and the plated copper_resulting in a process which
has increased operating efficiencies (less wire breaks, etc.)
and which produces a plated product having enhanced physical and
electrical properties. The conventional annealer is not shown
and "annealing will generally be performed on the engrossed wire’

~ which wire will then be drawn to the desired size for sale _
and/or as feed wire for the process. It is also contemplated to
perform annealing and drawing operations between cells.proyidin@
a stepwise process to obtain the desired sized
finished product. '



reagents or additiveg normal Iy incorporated into the electrol yte during
copper electro-refining or electrow nning operations. 18. The net hod of
claim 12 wherein the wire is engrossed up to about 200% by wei ght of the
starting wire. 19. The nethod of claim 1B wherei n tPibstiuie sheet hd B4RH]
dianmeter to the engrossed thickness of the electrodepggd fs {

about 100. 20. The nmethod of claim 12 wherein the ratioso t%é%?gt egggﬁ&t

current density to anode current density is |less than about H§1§3&1 \rhe
copper wire produced using the nethod of claim12. 2Daten aép r s tor

produci ng copper wire by el ectrodepositing copper onto a starting copper'
W re said apparatus conpri sing: CLAIMS

1. An apparatus for producing copper wire by
electrodepositing copper onto a starting copper wire said
apparatus comprising:

(a) tank means for holding an electrolytic bath;

(b) anode means in said bath forming passageways along
the length of the tank;

(c) one set of two drive shafts each positioned
externally at opposite ends of the tank means and
being used to transport at least two starting wires
through the passageways in the tank means by the
wires being fed to the shafts and wound in a

" continuous manner about the shafts and extending back
and forth therebetween and through the tank means and
means for withdrawing the wires electrodeposited with
copper:;

(a) means for applying an electrical current between the.
anocde means and the copper wires acting as cathode

means; and

(e) means for feeding the starting wires and for
collecting the electrodeposited copper wire.

-
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(a) tank neans for holding an electrolytic bath; (b) anode neans in
said bath fornming passageways along the length of the tank; (c) mul tiple
sets of drive shafts, each set of two shafts being ppsipioned'externall% at
opposi te ends of the tank neans and eachizet of shafSubsHtuteshests 18/2/9
transport at |.east one wire through the correspondi ng 21 passageways in
the tank nmeans by the wire or wwres being fed to eachypgi % tbé rspia{:ergeahw
wound in a continuous manner about the respective shafts and extendi ng back
and forth therebetween and through the - 18 FEB ﬁbﬁ

Date
2. The apparatus of claim -1 wherein the tank means is
doubled walled at the ends with openings in the inner walls for
the wires to pass through and the shafts are positioned to
provide a substantially parallel path for the wire in the
passageways of the tank means.

3. The apparatus of claim 1 wherein the anode means
are spaced to provide a single anode row adjacent each length of
wire as it passes through the tank means.

4. The apparatus of claim 3 wherein there is a double
anode row in the space between lengths of the wire passing

through the tank means except in the passages adjacent the side
walls of the tank.

5. The apparatus of claim 1 wherein auxiliary
converging shafts are provided between the drive shafts and the
tank means to alter the path of the wire in the tank means and
to decrease the distance between said wire paths.

6. The apparatus of claim 1 wherein the anode means
have nonconductive separating means thereon.

7. The apparatus of claim 6 wherein the starting
wires are fed from flyer pay-offs.

8. The'appa:atus of claim 7 wherein dielectric

conduit pipes are positioned in the course of the first passage

of each starting wire through the tank and inserting the wire
therethrough. '

9. The apparatus of claim 8 wherein inverted

/
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tank means and neans for withdrawi ng the el ectrodeposited wire from each
set of shafts; (d) * neans for applying an electrical currené be;meen t he
anode means and the copper wires acting as cathode neans; an e S
for feeding the starting wires and for Jd& | ecting tPHPLEE] Ftlﬁétp'()g_?t’ggfgI
copper wire. 23. The apparatus of claim22 wherein the tank neans is -
doubl ed wal l ed at the ends with openings in the innghiss the replacement,shent
to pass through and each set of shafts is positioned to provide Eﬁ@
substantially parallel path for the wire in the pasigaemays1d}F£ e nk
means. 24. The apparatus of claim 22 wherein the an ans are spaced to

provi de ausishgped’ A¥hebnAIORAE 3toReSBbrSatts IARGR Fbrti8atiyCaBsut t
passes th%%%ggogggoﬁégf EE%HE“of the wires in each passageway in the
tank. )
' 10. The apparaﬁus of claim 9 wherein a vertical
support means with apertures is provided in the tank through
which the wire lengths are threaded through.

11. The apparatus of claim 10 wherein thermal
insulating sealed means are provided on the top of the tank.

12. A method for producing copper wire by
electrodepositing copper onto a starting copper wire comprising:

(a) providing a bath of electrolytic fluid with dissolved
) copper therein;

(b) providing a plurality of anode means arranged in
spaced and parallel relation with respect to one

‘another in said bath and defining spaced parallel
passageways:;

kc) providing a set of external drive shafts, each shéft
being positioned at opposite ends of the tank:;

(4d) introducing at 1éast two starting copper wires into
said bath on the set of drive shafts and threading
said wires through the bath and along the passageways
with each wire traversing the passageways between the
set of shafts; .

(e) continuously passing each wire through said bath
between the set of shafts including the steps of

[
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25. The apparatus of_ claim 24 wherein there is a double row of anodes in
t he space between | engths: of the wire passing through the tank means except
in the passageways adjacent the side walls of the tank. 26. The apparat us
of claim 22 wherein auxiliary convergi ngd®hafts ar eSpbstifutedhieet wek8/2/98

drive shafts and the tank neans to alter the path of the wre i% the { nk =
means and to decrease the distance between said wire 'Pit ifsihe replagesion gﬂgﬁ

apparatus of claim 22 wherein the anode neans have a nonconductive
separating means thereon. 28. The apparatus of clai mpg3garherein there is a

| 18 FEB 1998
withdréwing each wire from the bath after each
passageway is traversed and reintroducing each wire a
plurality of times into said bath so that copper is
electrodeposited on each wire as it travels along
each corresponding passageway between the shafts;

(f) simultaneously applying an electrical current to each
starting wire and to said anode means so that the
wires act as a cathpde and copper ions are
electrodeposited on the wires, thereby progressively
increasing the cross-sectional area thereof; and

(g) continuously withdrawing the engrossed copper wires

from said bath as they reach the desired engrossed
size. - e

13. The method of reintroducing into said
electrolytic tank the wire produced by the method of claim 12

after it has been drawn and annealed and again engrossing it to
a deésired finished size.

14. The method of claim 12 comprising water washing
of the engrossed wire or.wires‘issuing from the electrolytic
tank and employing the wash water to wash the external shafts.

15. The method of claim 12 comprising continuously
monitoring the engrossed wire size as it issues from the tank.

16. The method of claim 12 comprising continuously
monitoring the electrical conductivity of the engrossed wire as
it issues from the tank. '

* c L M s *



"slit in the inner wal | s of the tank to enable rempval of the drive shafts
and wires as an integral wunit fromthe tank. 29. The apparatus of claim 28
wherein the drive shafts have grooves. 30. The apparatus of claim 26

wherein there are at least three sets of2@rive shaf$ubsiifyte sbegt i i8/328 1t s
are triangul arly di sposed. 31. The apparatus of cl aim. | S&LKE
shafts are angul arly disposed to the |ongitudinal d?ﬁ%ﬁgﬂﬁg?%ﬁégﬁégﬁan

32. A nethod for producing copper wire by electrodepositiag QFE@qgg@nto a
starting copper wire conprising: (a) providing a baDhieaf __gc olytic fluid

wi th di ssolved copper therein; (b) providing a plurality of anode neans
arranged in 17. The method of claim 12 wherein the

electrolytically engrossed wires are drawn and/or annealed using
as lubricant or cooling means a. solution containing some of the
reagents or additives normally incorporated into the electrolyte
during copper electro-refining or electrowinning operations.

. '18. The method of claim 12 wherein the wire is
engrossed up to about 200% by weight of the starting wire.

19. The method of claim 12 wherein the ratio of the
shaft diameter to the engrossed thickness of the electrodeposit
is greater than about 100.

20. The method of claim 12 wherein the ratio of the

cathaode current density to anode current density is less than
about 15.

21. The copper wire produced using the method of
claim 12. '

) 22. An apparatus for producing copper wire by
electrodepositing copper onto a starting copper wire said
apparatus comprising: o

-(a) tank means for holding an electrolytic bath;

(b) anode means in said bath férming passageways along
the length of the tank;

(c) multiple sets of drive shafts, each set of two shafts
being positioned externally at opposite ends of the
tank means and each set of shafts being used to

. transport at least one wire through the corresponding

-
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spaced and parallel relation wi th respect to one another in said bath and
defini ng spaced parallel passageways; (c) providing at |east two sets of
two ‘external drive shafts each, the shafts of each set being positioned at

opposite ends of the tank; - 23 (d) irg@¥oducing anbsasmteosl'mait-aTWZlﬂgS

copper wire into said bath on each set of external : e.g?it?é‘f
threading said wires through the bath and along the %é§sagema

a@é?ﬁent shest
s"wWwth each

W re traversing the passageways betmeen t he set of shafts; 1 8_FEB‘B98

Daied

passageways in the tank means by the wire or wires
being fed to each pair of shafts and wound in a
continuous manner about the respective shafts and
extending back and forth therebetween and through the

tank means and means for vithdrawing.the

electrodeposited wire from each set of shafts:

() means for applying an electrical current between the
anode means and the copper wires acting as cathode

means; and

(e) means for feeding the starting wires and for

collecting the electrodeposited copper wire.

23. The apparatus of claim 22 wherein the tank means
is doubled walled at the ends wiph openings in the inner walls

for the wires to pass through and each set of shafts is

positioned to provide a substantially parallel path for the wire

in the passageways of the tank means.

24. The apparatus of claim 22 wherein the anode means
are spaced to provide a single row of anodes adjacent each

length of the wire as it passes through the tank means.

25. The apparatus of claim 24 wherein there is a
double row of anodes in the space between lengths of the wire
passing through the tank means except in the passageways

adjacent the side walls of the tank.

26. The apparatus of—claim 22 wherein auxiliary
converging shafts are provided between the drive shafts and the
tank means to alter the path of the wire in the tank means and

to decrease the distance between said wire paths.

* c 'L M S *



(e) continuously pa55| ng each wire through said bath between each set of
shafts including the 'steps of withdrawi ng each wire fromthe bath after
each passageway is traversed and reintroducing each wire a plurality of
times into said bath so that copper is el2@tr.odeposi SaBstituteahidet/ 118/2398 t

travel s al ong each passageway between the shafts; anq gj sﬁ,er%ﬁ?%@mﬁgu
applying an electrical current to each starting wire and to sa anod

nmeans so that the wires act as a cathode and copper ions are g\ g 998
el ectrodeposited on the wires, thereby progressively Datief easi ng the
cross-sectional area thereof; and (g) continuously wthdraw ng the
engrossed copper w re¥. orheaappdfitusas et Beyin ez lwHdreite thecdneagr ossed

Sl ze. means have a nonconductive separating means thereon.

_ 28. The apparatus of claim 23 wherein there is a
slit in the inner walls of the tank to enable removal of the
drive shafts and wires as an integral unit from the tank.

29. The apparatus of claim 28 wherein the drive
shafts have grooves.

30. The apparatus of claim 26 wherein there are at
least three sets of drive shafts and the drive shafts are .
triangularly disposed. '

31. The apparatus of claim 26 wherein the drive

shafts are angularly disposed to the longitudinal dimension of
the tank.

32. A method for producing copper wire by
elgctrodepositing copper onto a starting copper wire comprising:

(a) providing a bath of electrolytic fluid with dissolved
copper therein;

(b) providing a plurality of anode means arranged in
spaced and parallel relation with respect to one
another in said bath and defining spaced parallel
passageways; )

(c) providing at least two .sets of two external drive
shafts each, the_shéfts of each set being positioned
at opposite ends of the tank;



33. The nethod of reintroducing into said electrolytic tank the wire
produced by the nethod of claim32 after it has been drawn and anneal ed and
again engrossing it to a desired finished size. 34. The ne;%$d<ﬁ é¢§$ﬁ1
conprising water washing of the engros28i wire or WPsttyteghess -l Re
el ectrolytic tank and enpl oying the wash water to gh{ﬁyqqmqbenmmks

24 35. The nethod of claim 32 conprising continuou nnnitoriga.@@g _
engrossed wire size as it issues fromthe tank. 36. The ne\ﬁb& f aim 32
conprising continuously nonitoring the electrical pawductivity of the

engrossed wire 48)

(e)

(£)

(9)

introducing at least one starting copper wire into
said bath on each set of external drive shafts and
threading said wires through the bath and along the
passageways with each wire traversing the passageways
between the set of shafts; '

continuously passing each wire through said bath
between each set of shafts including the steps of
withdrawing each wire from the bath after each
passageway is traversed and reintroducing each wire a
plurality of times into said bath so that copper is
electrodeposited on each wire as it travels along
each passageway' between the shafts; and

simultanecusly applying an electrical current to each
starting wire and to said anode means so that the
wires act as a cathode and copper ions are
electrodeposited on the wifes, thereby progressively
increasing the cross—-sectional area thereof; and

continuously withdrawing the engrossed copper wires

from said bath as they reach the desired engrossed
size.

33. The method of reintroducing into said

electrolytic tank the wire produced by the method of claim 32

-after it has been drawn and annealed and again engrossing it to
a desired finished size.

34. The method of claim 32 comprising water washing

of the engrossed wire or wires issuing from the electrolytic
tank and employing the wash water to wash the external shafts.

3
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It issues fromthe tank: 37. The nethod of claim 32 wherein the

el ectrolytically endrossed wires are drawn and/ or anneal ed using as

| ubticant or cooling nmeans a solution containing some of the reagents or
additives normally incorporated to the 2#ectrol yt e Subhstitytesheet - 18/2/98

el ectro-refining or electrow nning operations. 38. The nmethod of claim 32
wherein the wire is engrossed up to about 200% by vveim%]ié)fhétt@\wemt
wire. 39. The nethod of claim32 wherein the ratio of the shaft dianeter to
t he engrossed thickness of the el ectrodeposit is greater than_about 0.

40. The nethod of claim 32 wherein the ratio of the chal®dde ‘:&“ Fgat nsi.ty
to anode current density is |l ess than about 15. 41. The copper wre
produced using the nethod of '

'35. The method of claim 32 comprising continuously
monitoring the engrossed wire size as it issues from the tank.

36. The method of claim 32 comprising continuously
monitoring the electrical conductivity of the engrossed wire as
it issues from the tank.

37. The method of claim 32 wherein the _
electrolytically engrossed wires are drawn and/or annealed using
- as lubricant or cooling means a solution céntaining some of the
reagerits or additives normally incorporated to the electrolyte
during copper electro-refining or electrowinning operations.

38. The method of claim 32 wherein the wire is
engrossed up to about 200% by weight of the starting wire.

39. The method of claim 32 wherein the ratio of the
shaft diameter to the engrossed thickness of the electrodeposit
is greater than about 100.

40. ' The method of claim 32 wherein the ratio of the

cathode current density to anode current density is less than
about 15.

41. The copper wire produced using the method of
claim 32.



cl ai m 32.

L3

25 Substitute sheet - 18/2/98

This is the replacement sheet

A8 FEB 1338

METHOD AND APPARATUS FOR THE
ELE£3I!MEXI1CjE!2DLEI£KINSH&£KNHH§&EZH§E
A&Eﬂ1y59112315532E¥312§UEHE

- A method and apparatus are disclosed for producing
copper wire by electrolytically engrossing a copper'starting
wire. Basically the invention utilizes an electrolytic tank
employing a pair or pairs'of shafts positioned externally of the
tank upon which a minimum of one but generally at least two
starting wires are transported on each pair for transfer of the
wires through the tank. Multiple tanks, e.g., 10 to 1000 or
more, may be used in a single facility for refining or
electrowinning processes depending on the quantity of copper
wire desired to be produced.

(Fiéure 1)



