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This invention relates to methods of electro-
plating copper on metal articles, and more par-
ticularly to methods of electroplating conduc-
tive layers of copper on steel wires.

In the manufacture of composite conductors
including a steel core and a conductive copper
covering enclosing the steel core, it has been
proposed in the past to form the copper cover-
ing by electrodeposition upon the steel core.
However, in the prior art methods it has been
impossible to produce economically a composite
conductor including steel wire having a thick,
fine-grained, nonporous, copper covering, be-
cause whenever the current densities used on
the core were sufficiently high to make the elec-
troplating process economically feasible, the re-
sulting coverings were coarse-grained and gen-
erally unsatisfactory.

An object of the invention is to provide new
and improved methods of electroplating copper
on metal articles.

A further object of the invention is to pro-
vide new and improved methods of electroplat-
ing copper on steel wires.

Another object of the invention is to provide
new and improved methods of electroplating
tenaciously adherent, fine-grained, nonporous,
thick copper coverings on steel cores at high rates
of speed.

An additional object of the invention is to pro-
vide new and improved methods of electroplat-
ing heavy, electroconductive layers of copper on
high strength steel wires to produce composite
conductors suitable for use in communication
systems, and the like.

A method illustrating certain features of the
invention may include electroplating a very thin,
fine-grained, copper flash deposit on a metal
article in an alkaline bath having a predeter-
mined low copper concentration therein, electro-
plating a heavier, protective deposit of copper
on the fine-grained deposit in a second alkaline
bath having a concentration of copper therein
substantially greater than that in the first-men-
tioned bath, and then electroplating a heavy de-
posit of copper on the article in an acid copper
plating bath. .

A complete understanding of the invention may
be obtained from the following detailed descrip-
tion of a method forming a specific embodiment
thereof, when read in conjunction with the ap-
pended drawing, in which:

Fig. 1 is a schematic view of an apparatus for
practicing a method forming one embodiment of
the invention, and

Fig. 2 is a longitudinal, vertical section of a
copper plating cell forming g portion of the ap-
‘paratus shown in Fig. 1.
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A wire I8 composed of high tensile strength,
high carbon steel is withdrawn from a supply
i1 thereof by a capstan {2. In order to prepare
the wire for electroplating copper thereon, it is
advanced continuously by the capstan 12 through
a degreaser {4, which applies trichloroethylene or
other suitable degreasing solvent, to the wire to
remove grease therefrom. The wire then passes
successively through an alkaline electrolytic
cleaning cell 15, which cleans the surface of the
wire, a water rinsing bath 16, which washes the
alklaine material from the surface of the wire,
an acid electrolytic cell 17, which preferably
contains sulphuric acid and further cleans the
surface of the wire 10, and a water rinsing bath
18, which rinses the acid from the wire.

The cell 15 preferably contains an electrolyte
consisting of a water solution of sodium orthosili-
cate having a concentration of from about 3.0 to
about 7.0 ounces per gallon of water. The elec~
trolyte in the cell 5 is kept at a temperature
within the range of from about 140° F. to about
200° F. Positive contact sheaves 19—i9 which
engage the wire 18 and a suitable cathode 20
cause an electric current to flow through the
wire and the electrolyte in the cell (5. The cur~
rent density on the wire in the cell {5 is main-
tained at a value within the range of from about
50 to about 200 amperes per square foot.

The cell {7 preferably contains an electrolyte
composed of a sulphuric acid solution having a
concentration of from about 5% to about 25%,
and the electrolyte is maintained at a tempera-
ture below 110° ¥. Positive contact sheaves
21—21 in engagement with the wire 18 and a
cathode 22 cause an elecfric current to flow
through the wire and the electrolyte at a cur-
rent density on the wire from about 400 to about
1000 amperes per square foot.

The degreaser {4, the cells 15 and {7 and the
baths 16 and {8 clean the surface of the wire
{0 thoroughly so that the wire is very smooth and
clean. The wire then is advanced as a cathode
through g flash plating cell 2§ having a low
copper concentration, alkaline cyanide electrolyte
to apply a very fine-grained, thin flash deposit
on the wire. This thin copper deposit is applied
at a cathode current density which, generally
speaking, is low but which is a high current
density for the copper concentration of the elec-
trolyte. The grain structure of the flash deposit
thus applied sets the pattern for subsequent
deposits of copper substantially independently of
copper concentration of the baths and current
densities employed in applying -those deposits.
This fiash deposit of copper adheres tenaciously
to the wire.

The wire then is advanced as a cathode through
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a plating cell 26 having a high copper concen-
tration, alkaline cyanide plating bath to apply a
further deposition of fine-grained copper on the
flash deposit. A high eathode current density is
maintainéd in the cell 28 to produce a high rate
of copper deposition to build up the copper de-
posit rapidly to a thickness sufficient for plating
thereon in subsequent acid plating baths with-
out galvanic deposition of copper thereon. The
wire is advanced continuously from the cell 28
through a water rinsing bath 28, and an acid
bath 29 to wash off and neutralize any alkali on
the wire. The wire then is advanced continuously
as a cathode through acid plating cells 31; 32, 33
and 34, which plate copper on the previous de-
posit with very high current densities on the wire
and very high rates of deposition.

The plating cell 24 may be constructed some-
what like that shown in Fig. 2, and consists of
a conductive anode compartment 38 having slots
37—37 in the end walls thereof through which
the wire I8 passes. A layer 38 of finely divided
copper, such as scrap copper or small copper
balls, rests on the bottom of the anode compart-
ment 36, and the electrolyte employed is fed into
the bottom of the compartment by means of in-
let pipes 38—38. The electrolyte flows from the
inlet pipes 39—39 through the layer 38 of finely
divided copper, and out of the compartment 38
through the slots 31—371. The overflow falls
into an outer compartment 48 from which it flows
into a suitable tank (not shown), which serves
as a reservoir frem which the electrolyte is
pumped through the inlet pipes 39—38.

The anode compartment 38 is connected to the
positive side of a scurce of D. C. potential, there-
by making the layer 38 of finely divided copper
the anode in the cell 24, and the anode compart-
ment is insulated from the outer compartment

48. The finely divided copper dissolves anodically 4

to replenish the electrolyte with copper ions as
copper is plated on the wire (0. Finely divided
copper is added to the layer 33 from time to time
to maintain an adequate supply of anode mate-
rial. Contact sheaves 242, which are con-
nected to the negative side of the D. C. source, are
engaged by the wire 18, whereby the wire is made
the cathode in the plating cell 24.

The copper concentration of the electrolyte in
the cell 24 is low so that a very thin, fine-grained,
fiash deposit of copper is applied to the wire (3.
This flash deposit is pure and very fine-grained in
structure due to the diluteness of copper in the
electrolyte in this cell, and it is tenaciously ad-
herent to the wire because of the purity, dense-
ness and fine-grained structure of the deposit.
The cathode current density, which is kept suffi-
ciently low for the low concentration of copper in
the cell 24, should not be greater than about 75
amperes per-square foot, and preferably should
be between about 20 and about 50 amperes per
square foot. The temperature of the bath is
maintained at from about 140° F. to about 180° F.

A highly satisfactory electrolyte for use in the
cell 24 is a mixed copper-potassium cyanide elec-
trolyte having a composition within approximate-
1y the following limits:

Oz. per gal.
Copper (as cyanide) .- 1.5 to 3.0
Potassium cyanide (free) .. 0.1 to 1.0
Potassium hydroxide (free) ______.___ 3.0 to 6.0
Potassium carbonate. - 6.0 to 7.5

The most important elements of this type of
electrolyte are the copper content and the free
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potassium cyanide content thereof. The pré-
ferred limits for the copper content are from
1.75 to 2.5 ounces per gallon, while the preferred
limits for the free potassium cyanide content are
from 0.3 to 0.7 ounce per gallon.

Negative contact sheaves 46—48 are provided
ndjacent to the cell 28 which is similar to the cell
24 and includes an anode 48 composed of divided
mistallic copper. A heavy deposit of copper is
applied to the wire 18 in the cell 28 to protect
the wire against galvanic cell copper deposition
thereon in the acid plating cells 31, 32, 33 and
34. A deposit of from about 0.0001 inch to about
0.0002 inch is applied in the cell 26 under a sub-
stantially higher current density than was used
in the cell 24. The deposit applied to the wire in
the cell 2§ is very finetgrained and dense inas-
much as the flash deposited on the wire in the
cell 24 had already set the crystalline pattern of
further deposits of copper.

A very satisfactory electrolyte for use in the
cell 26 is a mixed copper-potassium cyanide bath
having a composition within about the following
limits:

Oz. per gal.
Copper (as cyanide) . _____ 45 to 7.0
Potassium cyanide (free) .. _______ 0.0 to 1.0
Potassium hydroxide (free) .. ___._._ 3.0 to 6.0
Potassium carbonate.._.____ P 6.0 to 7.5

Here again, the concentrations of the copper
and of the frée cyanide are the most important
elements of the electrolyte. The cobper con-
cenhtration preferably is within the range of from
45 to 8.5 ounces per gallon, and the free cy-
anide content preferably should ba from 0.3 to 0.7
ounce per gallon.

The difference of potential between the con-
tact sheaves 46—48 and the arode 88, thie spac-
ing of the ancde from the path of the wire and
the electrical resistance of the electrolyte are
such that a cathede current density of from about
50 to about 200 amperes per square foot is main-
tained in the cell 28, the current density being
kept substantially higher than that in the cell
24. The cell 28 is kept at a temperature of from
about 140° to about 180° .

The wire I8 emerges from the ceil 26 having a
plated copper covering thereon which is suffi-
ciently thick to protect it ggainst galvanic deposi-
tioh of coppéer thereon. The water rinsing bath
28 and the acid bath 29 waih off or neutralize any
alkali carried by the wire from the cells 24 and
28. The acid bath 28 may be a hydroflioboeriz
acid solution at a concentration of from about 1.0
to about 10.0 ounces per gallon, or a sulmhutic
acid sclution at a concentration of from abkout
1.0 to about 10.6 ounces per gallon, depending on
the type of electrolyte employed in the cells &4,
32, 33 and 34. The bath 25 is held at a tem-
perature between about 66° ¥, and about 169° .
Since electrolyte used in the acid plating cells
31, 32, 33 and 34 may be a copper fiuohorate or
a copper sulphate solution, if ecopper fluchorate
is used as the electrolyte in these cells, the hydro-
fluohoric acid solution is used in the neutralizing

‘bath 28, while if copper sulphate is used in these

cells, the sulphuric acid -solution is tsed in the
bath 29.

The wire 10 is advanced continuously through
the cells 31, 32, 83 and 34 at a rate of speed be-

=3

tween about 20 feet per minute and abeut 100

feet per minute, and the electrolytes in the cells

_are recirculated with g high degree of turbulence.

Herice, high current denrsities .may be employed
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.suecessfully in plating copper on the conductor
without the deleterious action of hydrogen plat-
ing. The plating cells 31, 32, 33 and 34 are sub-
stantially like the cell 24 in construction, and
have finely divided metallic copper anhodes. The
copper ancdes dissolve electrolytically as the
plating progresses to maintain the desired copper
concentration therein. The wire in passing
through the acid plating cells engages contactor
sheaves 49—49.

A suitable copper fluoborate electrolyte for the
acid plating cells will have a composition within
substantially the following limits:

Oz, per gal.
Copper (as fluohorate) _.___________ 7.2 to 20.0
Hydrofluoboric acid (free) _._______ 25 to 8.6

The electrolyte preferably is operated at a tem-
perature of from about 115° F. to about 136° .,
and a cathode curfrent density of from about 500
to about 3000 amperes per square foot is pre-
ferred. A gocd concentration range for these
constituents is from about 15 to about 29 cunces
ber gallon of copper as flucborate, and from
about 3.5 to about 6.5 ounces per gallon of free
hydroflucboric acid. Good results are obtained
when a cathode current density of from about
1000 to about 2500 amperes per square foob is
employed. .

A satisfactory sulphuric aeid electrolyte for
the acid plating cells will have a composition
substantially as follows:

10

16
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Oz. per gal.
Copper (as sulphate) ___.____.____ 7.0 to 11.0
Sulphuric acid (free) —_._._________ 3.0 to 6.0 3°

The electrolyte preferably is kept at a tem-
perature of from about 60° F. to about 85° F.,
and the acid plating cells using this type of elec-
trolyte preferably are operated at a cathode cur-
rent density of from about 500 to about 1200
amperes per square foot. Excellent results are
obtained when the copper concentration is from
about 8 o about 10 ounces per gallon, the free
sulphuric acid coneentration is from about 4.5 to
about 5.5 ounces per gallon, and the eathode
current density is from about 750 to about 1000
amperes per square foot.

The thickness of copper deposited in the cells
31, 32, 33 and 24 in one particular example has

been from about 0.003 inch to about 0.004 inch. °

The deposit on the wire from the acid plating
cells was very fine-grained and dense, being
governed by the initial pattern of the grain of
the copper deposit in the cyanide cell 24, even
though a eathode current density as high as about
3000 amperes per square foot was used.

The covered wire i0 is advanced from the
cell 34 to a dragout recovery bath 50 having
water therein, and then through a rinsing bath
52. The water in the bath 58 washes any acid
on the wire from the cell 34, and forms a dilute
acid solution. This dilute acid solution is used
to replace the water that is lost from the acid
cells 31, 32, 33 and 34 from evaporation and other
causes, and water is supplied to replenish it, from
the bath 52, if desired.

Ezample I

In electroplating a high carbon, high tensile
strength, steel wire having a diameter of 0.032
inch in one successful utilization of the inven-
tion, the wire was advanced continuously through
the baths and cells 14, {8, i§, 17, 18, 24, 26, 28, 29,
31, 32, 33, 34, 58 and 52 at a rate of speed of 80

60
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feet per ‘minute. Trichloroethylene was used in
the degreaser i4, and removed substantially all
fats and grease from the wire. Any remaining
grease and any other contaminants on the sur-
face of the wire were removed by a sodium ortho-
silicate solution at a concentration of about 5.0
ounces per gal. in the cell {5, in which the wire
was immersed as an anode for 18 seconds at an
anode current density of 125 amperes per square
foot. The wire was immersed in the acid cleaning
cell IT for 13 seconds as an anode at a current
density of 550 amperes per square foot. The
electrolyte in the cell 1T was a 15% sulphuric
acid solution and was maintained at a temper-
ature of 80° ¥. The cell 17 cleaned oxides com-
pletely from the surface of the wire, so that it
was in excellent condition for the electrodeposi-

_tion of copper thereon.

Each portion of the wire was immersed in the
fash plating cell 24 for a period of 10 seconds at
a cathode current density of 50 amperes per
square foot, the period of time being just suffi-
cient to form a thin film or flash thereon. The
electrolyte was maintained at a temperature of
150° F. An alkali cyanide electrolyte having the
following composition was used as the electrolyte
in the cell 24:

Oz. per gal.
Copper (as eyanide) .-____.______________ 2.1
Potassium cyanide (free) ——— - 05
Potassium hydroxide (free) ... ___________ 5.0
Potassium carbonate. . ___________________ 6.0

-The flash deposit of copper produced on the
wire in the cell 24 covered the wire completely,
and was a thin, strongly adherent, fiash film,
which was very fine-grained in texture. This
film was too thin to measure accurately.

Each portion of the wire advanced through the
cell 26 was immersed therein for a period of 40
seconds at a cathode current density of 100 am-
beres per square foot. The cell was kept at a
temperature of 150° F. A smooth, dense, very
fine-grained deposit 0.00015 inch in thickness was
formed on the flash deposit. The electrolyte in

the cell 26 had the following composition:

Oz. per gal.
Copper (as eyanide) .._________________ 5.5
Potassium cyanide (free) _________________ 0.6
Potassium hydroxide (free) _.__.___________ 5.0
Potassium carbonate___ _— 6.0

The acid neutralizing bath 29 was a 4% hydro-
fluoboric acid solution, and was maintained at
room temperature (about 70° F.).

Each portion of the wire advanced through the
acld plating cells 31, 32, 33 and 34 was immersed
therein for a total period of 115 seconds at a
cathode current density of 1800 amperes per
square foot. The electrolytes in these cells were
held at a temperature of 128° ¥ A smooth,
dense, fine-grained deposit 0.003 inch in thick-
ness was formed on the wire. The electrolyte in
the cells 31, 32, 33 and 84 had the following com-

position:

. Oz. per gal.
Copper (as fluoborate) - 18
Hydrofluoboric acid (free) ————_ .o _______ 5.3

The entire deposit of copper on the wire was
uniform, nonporous, dense, tenaciously adherent
and fine-grained. - There was no “treeing,” and
the peripheriy of the ‘deposit was smooth. The
temper of the steel wire core was substantially
unaffected by the electroplating operation.
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“Exgmple! 11
A’high éatbon, high' tensxle strength, §téel Wite
having a diafetér of 0.032 ifich Was advanced

continuously” through “the baths afd eells l4 i5,
16, 17,:18, 24, 26, '28, 29,731,°32, '33,°34,750" and 52 -

at ‘a rate of speed of 80’ feet pér mintte. Tr1—
“chloroethylene in the degréaser (4 Temoved siib-
stantially all fats and gredsés from the wire, and

this cleaning was COmpl‘eted' in‘the ¢ell i5, having .
therein an aqiieous soliifion of sodium “orthosili-

cate at s concentration of “‘about 5.0 ‘ounces. per
gallon in” whiéh the ‘wife ‘wds immersed for 18
‘seconds as’an anode at'a “gdrrént density of 125
amperes per square foot. ThHe wire was immeérsed
in ‘the cell 17 for 13 seéonds ‘as-dn anode at a
currént dénsity of 550" amperes per “square foot.
The eléctrolyte in the” cell i7" Was a 15% solution
of sulphurlc acid, and was’ ‘kept at a -témperature
“of 180°"F. 'The" cell i1 ‘cléanéd- oxides” from. the
-suiface "of the Wite dnd polished the surface of
“the wire to 'a maftie cond1t1on

Immersion time of theWwire as'a “cathode in the
“flash ‘plating’ cell 24 was 10’ onfids, and-a cath-
ode current density of 50 : s‘per square “foot
‘iwas  employed. “This ~Ihihiérsion tinde was.just
-sufficient to ‘Torm a flash fln 4t the ¢uFrent den-~
sity employed. The temperature of the eléctro-
“lyte ‘was '150° F. An alkali cyanide electrolyte
‘Having the following coniposition was tsed in the
“cell 24:

— O3z. per: gal
“Copper (aseyanide) -
-Potassium  cyanide -(free) o _=-.- me
_Potassium hydroxide- (free) _za

Potassium carbonate_____-;;-__;_"_

The’ flash deposit of copper apphed ‘to" the w1re
in the cell 24-covered the: per1phery “of “the “wire
complétely, ‘and “was ‘a ‘thin, stréngly “adhiérent,
very fine=grained film.

‘Each portion of the'Wwife advanded through fhe
cell 26 was immerséd theréin: gs'a-cathiode for-a
period-of 40 seconds at a “eathode euitent density
of 100 amperes per squdre fodt. -The electrolyte

was ‘maintained:at -a ‘téiperature "of 150°°F, A 4

smooth,-dénise, veryfine-grained -deposit- 0708015
inch in thickness was formed on the flash deposit.
“Phe-eledtrolyte in the cell 26 had the following
“ecomposition:
’ Oz. per ‘gal.
“Copper (48 ¢yanite) - .. —aooa 5.
“Potassiuin hydroxide “(frée)
Potassium -carbonate o ._._:.iacw
Potassium -cyanides . cosioco e cose o T0

The acid neytfalizing bath - 29 consisted of a.‘

10% sulphiitic-aeid solution,” an_d Yyas Tnaintained
‘at & téniperdre of ‘about 70° F.

Each’ portionn-of the wire advanced as a cathode
“through ‘the amd plating éells 31, 32,33 and 34
‘was itiiiersed in thése célls fora total’ perlod of
230 seconds at -a cathode current density of 900
ampereés per “$qitare foot and ata bath termpéra-
“ture ‘of 70° ‘F. A &mooth uniféri, dense, fine-
grained ‘déposit "0.003 irich in thlckness was
formed on the wire. The electrolyte in the cells
31, 52,-38-and 34 had the following composition:

Oz, per:gal.
Copper (as sulphate) - o 9.0
‘sulphuric ‘acid (FFée) oo oo 5.0

THe eistive ‘deposit -of scopper-on the wire was :

uniforn, -dense tenzciously ‘adherént and “fine-
grained. 'The periphery -of -the ‘déposit Was
smooth-and -free-of :nodes and ‘other: projections,
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tgnd -economical.
gramed ‘dense, copper deposit-on a steel®

_unsatisfactory for
‘When the grain pattern of-the-deposit is estab-
-lished in a low copper concentration-cyanide bath

’8

-~t1on of- the steel wire ‘core Was practleally nat-
‘fected by the -electroplating” operatmn

“The «above=described methods are very “rapid
They prov;de a very “fine-
icle
1n a very short perlod of twne, and’ the dep051t

~'tensne strencth gteel wire ‘'may be used as the

steel core {1 without impairing the- cordition’of
anneal thereof by the above-describéd methods,

“inasmuch -as the electtoplating -opérations ‘are

conducted at reldtively low temperatures. ‘These

results have been uncbtainable by the use of
-processes heretofore known.

The resulting composite wire has-a very mgh

‘tensile strength, and also is electrically conduc-

tive, the conductivity of the ‘wire pfoduc'éd in‘ac-

-cordance with' the-above- ottlinéd’ specmc exam-

ples ‘eing “about 309 of that 'of ‘a pure coppel
wire of the same size. The composme wirs may
be used for communication’purposes, and is‘ex-
cellent for the manufacture ‘of drop “wire, lite

“Wire, and other wires Where a “high 'tensile
25"

Strength wire Having good conductivity s Te-
quired.

“Whiie it is possible to ‘electroplate heavy coat-
ings of copper upon -cores solely -by the use of
cyanide baths, the copper deposits thus ‘formed

“tend to be brittle, and ffomposwe conductors hav-
‘ing ‘a “steel eore ‘provided ‘with ‘a-heavy ‘¢opper

covering deposited from ¢yaunide Baths-alone are
communication purposes.

in accordance with the methods described here-

-inabove, and the steel core 'is protécted from re-

action with an acid plating bath’in the manner

-desceribed hereinakbove, a ' heavy deposit of copper

may be formed ‘upon a stéel core-quite rapidly
by the use of dn acid blating bath, and the de-
posite thus formed will not have the tendency

to be brittle that is evident when a cyanide bath

is employed to produce the copper plate.
Although in the spécific €inbodiments:outlined

“hereinabove, -hydrefiucboric ‘aéid "and “sulphuric
‘géid ‘eopper -plating baths have been described,

satisfactory results may Pe ‘obtaineéd “whén -the

‘plating perforimed in an“acid bath is cdrried out

in‘other baths that are acid in natlre. For ex-
ample, instead of hydrofluoboric ‘acid or ‘a sul-
phuric adid bath, an acid coppér plating bath

‘Having -as its principal constituent ‘anothér suit-
:gble ‘acid, such as sulfariic acid, Auosilicic acid,
‘acetic acid or a sulphonic ‘acid,
-phenolsulphonic acid or benzene=di-sulphonic

for example,

acid, may be used.
What ‘is claimed is: o
1. The method of electroplating coppér on steel

‘wires, which comprises continuously advancing a

steel wire as a cathode seriatim through an alka-
line cyanide Tash coating bath containing cop-
per -dissolved therein ‘at 'a c¢oncentration within
the range of Trom about 1.5 to about 3.0 ounces

‘DEr gallon a ‘second alkahne cyamde bath con—
‘taifiing copper ‘dissolved thérein at a concen-

tration within the range of from about 4.5 ‘to
about 7.0 ounces per-gallon,-and an acid plating
bath contammg a stlll h1gher c_oncentratlon of
anide flash bath a cathode current. -density with-
in the range of from about 20 to ‘about 756 am-

‘peres-per square foot for a period of time suffi~

cient to deposit a very thinand very fine-grained

‘flash ‘coating of ‘coppér which sets-a Size pattern
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that causes subsequent deposits on the wire to
be similarly fine-grained, maintaining in the sec-
ond cyanide bath a cathode current density sub-~
stantially higher than the current density in the
flash coating bath to deposit a fine-grained cop-
per coating substantially thicker than the fiash
coating of copper, and maintaining in the acid
plating bath a still higher cathode current den-
sity to form a thick copper deposit which in-
creases materially the electrical conductivity of
the resulting composite wire.

2. The method of electroplating copper on steel
wires, which comprises continuously advancing
a steel wire as a cathode seriatim through an
alkaline cyanide flash coating bath containing
copper dissolved therein at a concentration with-~
in the range of from about 1.5 to about 3.0 ounces
per gallon, a second alkaline cyanide bath con-
taining a higher concentration of copper dis-~
solved therein, and an acid plating bath contain-
ing a still higher concentration of copper dis-
solved therein, maintaining in the eyanide flash
bath a cathode current density within the range
of from about 20 to about 75 amperes per square
foot for a period of time sufficient to deposit a
very thin and very fine-grained flash coating of
copper which sets a size pattern that causes sub-
sequent deposits on the wire to be similarly fine-~
grained, maintaining in the second eyanide bath
a cathode current -density within the range of
from about 50 to about 200 amperes per square
foot to deposit a fine-grained copper coating sub-
stantially thicker than the flash coating of cop-
per, and maintaining in the acid plating bath a
still ‘higher cathode current density to form a
thick copper deposit which increases materially
the electrical conductivity of the resulting com-
posite wire.

3. The method of electroplating copper on
steel wires, which comprises continuously ad-
vancing a steel wire as a cathode seriatim through
an alkaline cyanide flash coating bath contain-
ing copper dissclved therein at a concentration
within the range of from about 1.5 to about 3.0
ounces per gallon, a second alkaline cyanide bath
containing a higher concentration of copper dis-
solved therein, and a series of acid plating baths
containing a higher concentration of dissolved
copper than the concentration in the second al-
kaline cyanide bath, maintaining in the cyanide
flash bath a cathode current density within the
range of from about 20 to about 75 amperes per
square foot for a period of time sufficient to de-
posit a very thin and very fine-grained flash
coating of copper which sets a size pattern that
causes subsequent deposits on the wire to be
similarly fine-grained, maintaining in the second
cyanide bath a cathode current density within
the range of from about 50 to about 200 amperes
per square foot to deposit a fine-grained copper
coating substantially thicker than the flash coat-
ing of copper, and maintaining in the acid plat-
ing baths a cathode current density within the
range of from about 500 to about 3000 amperes
per square foot to form a series of increments of
a thick copper deposit which increases materially
the electrical conductivity of the resulting com-
posite wire.

4. The method of electroplating copper on
steel wires, which comprises advancing continu-
ously a steel wire as a cathode seriatim through
an alkaline cyanide, grain-pattern-setting bath
having copper dissolved therein at a concentra-
tion within the range of from about 1.5 to about
3.0 ounces per gallon, an alkaline cyanide plat-
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ing bath having copper dissolved therein at a
concentration from about 4.5 to about 7.0 ounces
per gallon and an acid plating bath having cop-
per dissolved therein at a high concentration,
maintaining a current density on the portion of
the wire in the grain-pattern-setting bath with-
in the range of from about 20 to about 75 am-
peres per square foot and for such g period of
time as to just form a very thin, fine-grained,
copper, flash deposit on the wire, maintaining a
current density on the portion of the wire in the
cyanide plating bath within the range of from
about 50 to akout 200 amperes per square foot
to form a fine-grained copper deposit on the
flash deposit te protect the wire against galvanic
action in the acid plating bath, and electroplat-
ing a heavy deposit of copper on the second-
mentioned deposit in the acid plating bath at a
high cathode current density.

5. The method of electroplating copper on
steel wires, which comprises advancing continu-
ously a steel wire as a cathode seriatim through
an alkaline cyanide, grain-pattern-setting bath
having copper dissolved therein at a concenftra-
tion’ of about 2.1 ounces per gallon,; an alkaline
cyanide plating bath having copper dissolved
therein at a concentration of about 5.5 ounces per
gallon and an acid plating having copper dis-
solved therein at a very high econcentration,
causing an electric current of such magnitude to
flow through the grain-pattern-setting bath that
the current density on the portion of the wire in
that bath is from about 20 to about 75 amperes
per square foot whereby a very thin, fine-grained,
copper flash deposit is formed on the wire, caus-
ing an electric current of such magnitude to flow
through the cyanide plating bath that the cur-
rent den51ty on the portion of the wire in that
bath is from about 50 to about 200 amperes per
square foot to form a fine-grained copper de-
posit on the flash deposit, and electroplating s
heavy deposit of copper on the second-men-
tioned deposit in the acid plating bath at a very
high cathode current density.

6. The method of electroplating copper on
steel wires, which comprises advancing continu-
ously a steel wire as a cathode seriatim through
an alkali cyanide -grain-pattern-setting bath
having copper dissolved therein at a concentra-
tion from about 1.5 to about 3.0 ounces per gal-
lon, through an alkali cyanide plating bath hav-
ing copper dissolved thereinh at s concentration
of from about 4.5 to about 7.0 ounces per gallon
and through an acid plating ‘bath having copper
dissolved therein as copper fluoborate at a copper
concentration of from about 7.2 to about 20.0
ounces per gallon, causing to flow through the
grain-pattern-setting bath an electric current
of such magnitude that the current density on
the portion of the wire in that bath is from about
20 to about 75 amperes per square foot and for
such a period as to form a very thin, fine-
grained, copper, flash deposit on the wire, caus-
ing to flow through the cyanide plating bath an
electric current of such magnitude that the cur-
rent density on the portion' of the wire in that
bath is from about 50 to about 200 amperes per
square foot to form a protective, fine-grained,
copper deposit on the flash deposit, and electro-'
plating a heavy deposit of copper on the second-
mentioned deposit in the aeid plating bath at a
cathode current density of from about 500 to
about 3000 amperes per square foot.

7. The method of forming an electroconduc-
tive layer of copper on steel wires, which com-
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prises-advancing a-steel- wire- continuously.-as a
cathode through a-cyanide: ﬂash bath containing
from about 1.75 to-about-2.5 ounces per: galTOn
of-copper-as cyanide.and from -about -0.3-t0-0.7
ounce: per gallon . of . free- potassium cyanide,
through 2 cyanide plating bath containing from
about 4.5 to 6.5-ounces per-gallon of copper as
cyanide and from about 0.3 to 0.7 ounce per gal-
lon.of -free potassium cyanide, and then through
an acid plating bath containing. from about 15
to- 20 ounces per gallon of -copper- as- fluchorate
and-from about 3.5 to about.6.5 ounces per .gal-
lon of  free hydroﬁuobonc acid, electroplating
each-increment of -the wire passing through the
cyanide flash bath at.a cathode current density
of ;from about 20 to about-75-amperes per square
foot for a-period:sufficient to .form .only-a-thin,
fine-grained, flash-deposit on . the- wire, .electro-~
plating each increment- of- the wire. passing
through.the. cyanide -plating bath at.a-cathode
current’density. of. from-about-50-to about:-200
amperes per.square foot for a-period sufficient to
form a fine-grained, protective-deposit-of.copper
on the fAash deposit, .and. eléctroplating each-in-
crement of the: wire passing. through- the aeid
plating: bath .at.a cathode -current :density- of -at
least-500 . amperes per -sguare -foot .for. a-period
 sufficient to form -a- deposit .of copper on-the pro-
téctive: deposit sufficiently thick . to. materially
increase the electrical ‘conductivity. of the resuli-
ing- composn:e wire. .

8. The method of electfoplating.copper-on steel

wires, - which . comprises advancing- continuously

a steel wire as-a.cathode seriatim-through-a cya-
nide - grain-pattern-setting- bath- having. cop-
per: dissolved. therein -as-cyanide-at a-concentra-
tlon of 2.1-ounces.of copper-per: gallon, free potas-~
sium cyanide-at a conecentration-of- 0.5- ounce
per gallon, free potassium-hydroxide at a con-
centration-of-5.0-ounces-per galion and potassium
carbonate- at -a- coneentration of-6.0- ounces: per
gallon,- through-a cyanide- plating bath- having
copper dissolved therein-as cyanide at-a-copper
concentration of 5.5 cunces per-gallon; free-potas-
sium-cyanide at:a concentration-of :0.6: ourice per
gallon; free potassium-hydroxide-at a concentra-
tion-of:5.0-ounces -per-gallon-and: potassium-car-
bonate at:a:concentration of 6.0-ounces pér-gallon
and:through-an acid:plating bath having copper
dissolved therein-as copper-fluoborate at-a copper
concentration-of: 18 -ounces:of:copper per gallon;
and free. hydrofluoboric acid: at’g: concentration
of-about5.3-ounces per-gallon; electropidting each
portion -of: the wire in:theé~grain-pattern-setting
bath:for about:10-seconds:at- a . current density
of: about. 50 -amperes: per square” foot whereby a
very thin;. fine-graihed; copper: flash- deposit:is
formed- on-thewire, eléctroplating each: portion
of therwire in:the cyanidé: plating-bath for about
40- seconds &t~ & current’ density: of about™ 100
amperes per: square foot to form a:fine-grained
copper deposit-on the flashrdeposit;-and electro-
plating-each-portion:of-the wire in:theacid plat-
ing bath for-about:1ll5:secondsat dicurrent: den-
sity- of- about 1800" amperes: pef: sliare” foot to'
form a:heavy- déposit: of° copper o the:second~
mentioned deposit:-

9;. The metheod ‘of electroplating coppei on-steel
wires;. which comprises: advancing: continuously
a-steel- wire as-a’ cathode: seriatiii- through an
alkalirescyamide grain-pattern-setfing bath hav-
ing cobper dissolved therein gt a-concentiation
of from about:1:5 to abeut:3:0° ounices: per gdllon,
through:ax:alkaline:cygride platiiig Bath having
copper” dissolved® therein 4t a concentration: of
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from--about 4.5 to.about.7.0..ounces.per.gallon
and through a-sulphuric-acid ‘plating. bath.hav-
ing .copper dissolved .therein at.a.concentration
of from -about 7.0 to.about.11.0 ounces.per-gal-
lon, maintaining a low.current density on the
portion of .the wire in the grain-pattern-setting
bath for such a period of time as-to.form on the
wire a -very thin, fine-grained, copper, flash de-
posit, maintaining a- higher current.density. on
the portion .of. the:wire.in the-cyanide plating
bath for such a period.of.-time as to form on the
wire a fine-grained.copper deposit on-the-ilash
deposit to. protect the wire-against galvanic.dep-
osition in the acid -plating-bath, and . electroplat-
ing -a heavy deposit: of- copper. on.. the second-
mentioned deposit in the.sulphuric-aeid plating
bath at a cathode-current density of.from about
500 to about 1000 amperes:per square fool..

10. The method of-electroplating.a:conductive
layer of.copper.on steel wires, whichcomprises
advancing a steel wire-continuously-as:a-cathede
through a - cyanide. flash- bath containing: from
about 1.75 to-about:2.5-ounces per-gallon.of cop-
per.as cyanide and from.-about 0.3 t00.7 - ounece
per gallon -of -free -potassium- cyanide, through.a
eyanide plating: bath . containing.from about 4:5
to 6.5 ounces per gallon-of.copper-as cyanide-and
from about 0.3 to 0.7 ounce-per.galion of free po-
tassium cyanide, and then through.an acid.plat-
ing bath containing: from.about-8:to-about- 10
ounces per.gallon-of copper.as-sulphate and from
about 4.5 to about-5:5.-ounces-per gallon of: free
sulphuric acid, electroplating:each -inerement of
the wire passing through -the-flash-cyanide-bath
at a cathode current: density -of -from about:20:to
about 75 amperes -per: square-foot for. a- period
sufficient to form-only-a:thin, fine-grained, flash
deposit on the wire, electroplating each. incre-
ment -of the-wire- passing through-the-:cyanide
plating. bath at-a-cathode. current density of
from about 50-to-about-200 -amperes:-per- square
foot for a period sufficient -to form-a- fine-grained;
protective deposit of-copper on:the flash deposit;
and: electroplating: each- increment- of- the wire
passing through the acid-plating:bath at-a-cath-
ode current density:of at:least 500 amperes:per
square foot for-a-pericd sufficient to-form a-de-
posit of copper on:the: protective deposit. suf-:
ficiently thick to materially:increase: the- elec+
trical - conductivity - of: the  resulting: composite
wire.

11. The method: of electroplating copper: on
steel wires, which:comprises:advancing: continu-
ously a:steel wire: asra: cathode:seriatim through
a ¢yanide grain=patternm-setting bath having cop=-
per dissolved therein as cyanide at a:copper con-
centration: of 2.1.ounces’ .per’ gallon; free potas-
sium’ cyanide: at: a- concentrations of 0.5 ounce
ver gallon, free’ potassium:hydroxide at a  con=-
centration: of: 5.0 ounces per gallon and potas-
slum carbonate:at & concentration of 6.0 ounces
per gallon, through:a-cyanidé plating bath hav-
ing copper dissolved:therein as'cyanide at'a cop=
per:concentration-of gbout 55 ounces per gallon,
free:potassium.cyanidé ata- concentration of 0.6
ounce per ggllon,- free-potassium hydroxide at' a
concentration of'5.0 ounces per gallon and potas=
sium carbonate at a concentration of 60" ounces:
per gallon, and through' a sulphuric acid plating
bath having copper dissolved therein:as: copper
sulphate at a copper concentration of 9.0 ounces
per gallon and free:sulphuric-acid at a concen=
tration of 5.0 ounces: pergallon, maintaining in’
the gram-pattern-setting bath" a- cathode cur=
rent density of* 50  amperes ‘per-square foot for'a
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period of 10 seconds to form on the wire a very
thin, fine-grained, copper, flash deposit, main-
teining in the cyanide plating bath a cathode
current density of 100 amperes per sguare foot
for a period of 40 seconds to form on the wire g
fine-grained copper deposit on the flash deposit
to protect the wire against galvanic deposition
in the acid plating bath, and maintaining in
the acid plating bath a cathode current density
of 900 amperes per square foot for a period of
230 seconds to form a heavy deposit of copper
on the second-mentioned deposit.
GUY E. MURRAY.
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