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The present invention relates to a method for
electrolytically refining copper and its alloys as
well as for electrolytically treating copper- and
copper alloy-plated metals,

In refining impure copper the electrolysis is, as a
rule, effected in a solutlon of sulfate of copper.
This method presupposes the use of coarse copper
in which the traces of impurities are slight. Con-
siderable amcounts of forelgn metals which are not
s0 noble as copper, such as, for instance, zinc or
nickle, impair the efficlency of this method materi-
ally so that it was not advisable to treat copper al-
loys, such as bronze, brass, German silver, etc., ac-
cording to this method. If, for instance, an alloy
containing 85% Cu and 15% Zn is refined according
to an electrolytic method the copper sulfate elec-
trolyte is 50 considerably. contaminated with zinc
- after a rather short time that the deposit of solid
copper on the cathode {s materially impalred; fur-
thermore, the bath voltage Increases considerably
as a result of a decrease in the conductivity. A
separation of the zine from an electrolyte so eon-
taminated in the manner that the zinc precipi-
tates in any form as a chemical compound and
that the sulfate of copper remains in the solu-
tion is not possible in a solutlon of copper sulfate.
In this case the copper must first be completely
precipitated, for Instance, by electrolysls and
then the zinc sulfate must be crystallized out of
the solution by concentrating the latter by evap-
oration. A coiplete separation of the sulfate
of zine from the sulphuric acid to be produced is
only possible by concentratfing the acid to a very
considerdble extent. .

A further very gréat drawback of the above-
mentioned method is the fact that the electrolyte
becomes fapidly poor in copper if copper alloys
are employed. In the treatment of a copper-zine
alloy as, for instahce, above desctibed only 85
parts go anodically ifto solution, whereas 100
.parts are, however, deposifed on the cathode.
The result is that the electrolyte hecomes poor in
copper and that copper must ‘he continuously
added as copper sulfate or in any other form.

It has already been proposed to effect the elec-
trolysis in the electrolyte containing cuprous
chloride. When Using such solutions containing
chlorine ions the regeneration of the copper con-
tent of the solution may then be effected in a very
simple manner if care is taken to oxidize a por-
tlon of the cuprous chloride after leaving the elec-
trolysis to copper chloride, which, for instance,
may be accomplished by the aupp]y of air or chlo-
rine. This solution of copper chloride is then
brought in & suitable manner into contact with -
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copper metal or also with the alloy itself to be
treated, for instance, in the form of & granulated
metal. The regeneration of the copper content,
thus effected, is performed according to the equa-
tion: .

CuCla+Cu=2CucCl

In the case of an electrolysiz in a solution con-
taining cuprous chloride the treatment of the
solution rich in foreign metals presents, however,
also the same difficultles as encountered In the
copper sulfate solution.

It could be sscertalned that the treatment of
copper containing foreign metals by electrolysis
is readily possible and that in this case all disad-
vantages of the electrolysis presented In sour
solutions are eliminated if- the elecirelytic refining
of copper and its alloys as well as the electrolytic
treatment of copper- and copper alloy-plated
metals is effected in an ammeonium solution con-
taining copper in which the copper is dissolved
both in a bivalent and univalent form,

The effect of the method according to the in-
vention as to preventing an Impoverishment of
the copper content in the electrolyte is explained
by the fact, that during the electrolysis of a cop-
per alloy containing, for instance, 85% copper
and 15% =zine, not 85 parts of copper but 100
parts of copper go anodically into seclution and
this 1s accomplished by the additional chemical
dissolution of the anode alloy in the ammorniacal
solution. . The reaction occurs according to the
equation: . .
Cu’”’ +Cu=2Cu’

Consequently, considerably greater amounts of
cobper or of the alloy to be treated go anodically
into solution than would correspond to the elec-
trochemical equivalent. In this manner alloys
containing rather great amounts of foreign
metals, such as, for Instance, German silver hav-
Inig 70% Cu, 20% Ni, 10% Zn as well as brass hav-
ing 63% Cu 'gnd 37% Zn'may be treated.

In treating such alloys it is essential according
to the invention that tHe electrolyte has a suf-
ficlently high perceithie of freé amimonia in order
to sttain alwdys & rapid dissolutiol of the copper
a5 arl amineé compound. A content of more than
10 to- 15 g/1 proved favorable. An electrolyte
contalning 20 to 50 g free ammonia per liter was
employed to advantage. The higher the content
of NHj3, the more rapld and easier is effected the
reaction according to the above equatlon. Since
it 1s, however, important to maintain the copper
content as far as possible us great as at the be-
glhning of the electrolysis it 15 advisable to choose
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the above-indicated NHi percentages. In this
case the losses of ammonia by volatilization are
also kept at a low value., Besldes copper also all
other metals go into solution which are soluble
in ammonia, such as, {or instance, nickel, zinc,
cobalt,

In keeping constant the copper content in the
electrolyte it is important that the electrolyte is
always properly stirred, {or instance, by an agi-
tator or also by causing a very sirong circulation
of the electrolyte when the same s clrculated
through the baths. This intense stirring of the
electrolyte s necessary in order to aiways main-
tain as high as possible a percentage of free am-
monia In the immediate neighborhcod of the
anodes. Otherwise, the purely chemical and also
the electrochemical dissolution is impaired by
the NH; impoverishment.

The above-mentioned percentage of free NH3
as well as the stirring of the electrolyte are very
important for the treatment of copper- or copper
alloy-plated metals. It has been found that
copper and its alloys may be the more completely
separated from the basic metal the higher the
percentage of free ammonia in the nelghborhood
of the alloy to be treated. The separation of the
coating metal is effected the easler, the higher
the content of the actompanying metals in the
plated copper alloys. Thus, for instanee, tomhac
or brass separates much easler than pure copper.

In refining copper and its alloys as well as in
treating copper- or copper alloy-plated metals
it is, however, not only essential that the desired
reaction occurs at the anode, 1. e., the metals go
{nto solution or other metals remain undissolved
but that at the cathode a highly pure copper
deposit of such nature he produced as to meet
the requirements and to ensure the efficlency of
the method. Copper separated in spongy form
requires the additional work of the reducing re-
fusion in the flame furnace, since the copper
when removed from the electrolyte hath easlily
converts into oxlde.

According to the invention it has also been
possible to separate copper at the cathode in a
solid and compact form. Accordingly, a solid
and compact deposit of copper will be only pro-
duced at the cathode from an ammoniacal solu-
tion of carbonate of ammonium tontaining cop-
per if the copper is contained in the solution
both in the bivalent and in the univalent form.
It has been found that a solld copper deposit
cecurred if Instead of cupric salt a cuprous com-
pound, for instance, cuprous oxide was employed
in the electrolyte. It was also found that for the
production of solld and compact deposits it is
not necessary to employ a pure cuprous salt so-
lution but that it suffices if the electrolyte con-
tains besides cupric salt a univalent copper salt.
Thus, for instahce, by the use of an ammoniacal
cuprie salt solution as an electrolyte, provided
that during the electrolysls the electrolyte has
been thoroughly stirred, copper was first depos-
ited in a spongy to fine grained form in the case

of a cathedic current density of 100 amp/m?3. .

Only when the electrolysis has been continued
for some time, i. e, when cuprous copper has
been produced from the cupric copper by a thor-
ough stirring of the electrolyte the cathode de-
posit became more and more solid.
to dark red color of the deposit changed into
bright red. The copper became solid and com-
pact and could no longer be strinped.

The percentage of cuprous ions necessary for
the electrolysls Is malntained constant in the
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bath in a rather simple manner by stirring very
thoroughly the electrolyte. According to the
already above-mentioned reaction equation

Cu’’4Cu=2Cu’

a sufficient amount of cuprous ions will then be
always avallable. When circulating in operation
the electrolyte, for instance, through the baths
it has proved sufficient if the liquid in the elec-
trolyte tank is renewed every hour. The speed
of circulation is considerably higher than in the
case of the usual cycles in which the lguid is
renewed every 2% {o 3 hours. In order to pre-
vent oxidizing influences or to maintain as high
a cuprous ion concentration as possible in the
bath liquid and to prevent losses of ammonta
the bath is preferably poured on with oil which
should not form an emulsion therewith, notwith-
standing the intense agitation of the electrolyte.
PFor instance, the pouring on of the bath with
paraffin oil to a height of 1 to 2 cm proves suffi-
cient., This covering of the bath has, however,
still another important advantage In that the
volatilization of ammonia 1s theréby prevented
to a rather great extent. The losses of ammmonia
occurring as a result of the volatilization are so
low as to be negligible and depend only upon the
quantities of electrolyte which adhere to the
electrodes to be removed from the bath. By suit-
able measures It is, however, possible to regain
to a great extent these quantities of electrolyte.
For the deposit of good copper coatings it is
advantageous according to the invention that
the cathodic current density does not exceed 250
amp/m3, otherwise the copper deposlts are of a
gralned to spongy nature, The current densi-
ties may be chosen the higher, the higher the
percentage of univalent copper in the electrolyte.
For the deposit of the copper it is advisable
to choose cathodes of iron-, aluminum-sheet or
of any other metal which 1is insoluble in the elec-
trolyte to be used or Is only soluble to a slight
extent. Such sheets have the great advantage
that the copper may be removed in a simple
manner in thin sheets or also in plates if the
cathode edges are insulated, for instance, by
wooden ledges, rubber tube or the lke.
Ammoniacal copper solutions which produced
by dissolution of copper carbonate or copper
sulfate with the ald of an exactly necessary
amount of ammoniacal liquor or a slight excess
thereof, for instance, with a copper content of
T to 10 g/1 normally produce & bath voltage of
3.5 to 5.0 volts. To increase the efficiency of the
method according to the invention &s low a bath
voltage as possible is essential. Thus by adding
suitable carbonates it is possible to reduce the
bath voltage considerably, which is very impor-

tant for treating plated metals. A solution
which, for instance, containg ’
g/1
Cu . 20
(NHO)2COs oo e 100
NasCOs e 100
Pree NM __________ . _________________ 30

in the case of a distance between the cathodes
of 40 cm presents a voltage of about the order
of 1 volt and less. This measure proves then to
be very advantageous If the relatively wide anode
cages must be employed for treating plated
metals, sheet strips ete. .

It has been found that the electrolytic refining
of copper and its alloys as well as the electrolytic
treatment of copper- and copper alloy-plated
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‘and an ‘anodic current utilization of 87.6%

metals may be effected with a considerably higher
current utilization at the cathode 1f the elec-
trolysis In a solutlon of ammonla contalning
copper and ammonium carbonate and in which

the copper is contalned both in bivalent and uni- -

‘valent form has an alkali carbonate content of
more than 100 g/l electrolyte.

The effect of the higher percentage of alkali
carbonate may be so explained that the purely

chemical redissolution of the copper already de-

posited on the cathode 15 prevented owing to the
presence of alkall ¢carbonate in the ammoniacal
electrolyte, thls belng the more the case the
higher the alkali carbonate content. The separa-
tlon of the copper from plated iron is, however,
effected normally the more rapid, the lesser al-
kall carbonate is contained in the electrolyte. In
order to effect a proper electrolysls it is, however,
very essential that the electrolyte continuously

retain the same composition. This condition is,.

however, only to be fulfllled if it is feasible to
render a8 equal as possible both the cathodic
and anodic current utilizatlon. Thus, for in-
stance, a continuous increase of the copper con-
tent In the electrolyte occurs by an lncreased
anodic copper dissolution In the case of an elec-
trolysis with an anodic current utilization of
200% and a cathodic current utilization of only
35%. BSuch conditions as to the current utillza-
tlon are present, for instance, in an electrolyte
having a low percentage of alkali carbonate
(about 50 g/1). By the Increasing copper con-
tent considerable amounts of free ammonia and
ammonium carbonate are also chemically com-
bined in the electrolyte owing to the formation
of complex copper amine salts. It follows that in
the long run the electrolyte attains the maximum
percentage of copper, thereby preveniing com-
pletely an anodlc dissolution of copper.

To remove these difficultles it is in the long
run essential that the cathodic current utiliza-
tion be kept as high as possible in order to ap-
proach as far as posslble the anodic current
utilization.

A series of tests, carried out for improving the
cathodic current utilization in an electrolyte
containing 20 g/1 copper, 50 g/1 ammonium car-
bonate and 30 g/1 ammonia, gave the following
percentage cathodic current utilization by in-
creasing the content of carbonate of sodium:

Cathadle
current
utilization
in percent

Addition of NayCOy

BE88Zo
KRS ®m

The method according to the invention may be
adapted to the various requirements. Thus, for
instance, when employing an electrolyte con-
taining 200 g/1 carbonate of alkali iron parts
will be practically completely decoppered in the
case of an ahodic current utilization of about
1209,. If the electrolysis is effected for a some-
what longer time in the manner just described,
in which case a complete separation of cobper

occurs the current utilizations may be so ad- -

justed that they are practically of the same value.
Thus, for instance, with an electrolyte contain-
ing 20 g/1 copper, 100 g/1 carbonate of am-
monlum, 200 g/1 carbonate of sodlum and 15 g/1
ammonia g cathodic current utilization of 83.11%
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might be obtained.

It has hirther been found that by the addition
of other metal carbonates, metal oxides or metal
hydroxides soluble in the electrolyte a consider-
able increase ih the cathodic current utilization
may be attalned during the eleetrolysis. The

- above-mentioned or similar compounds must be
-present In a form which brings about an in-
10

creased tendency of free ammonia and am-
monium carbonate to the formation of corre-
spohding anmiine sdalts. Thus, for instance, the
cathodle current utilizatlion in an electrolyte con-
taining 20 g/1 copper, 100 g/! ecarbonate of am-

‘monlum, 100 g/l carbonate of sodlum and 30

g/1 ammonla might be Inereased by adding zinc
oxlde from 35.39% to 66.2%. In thls case the
solution éontalned 15 g/1 zine.

It must be noted, when adding other metatl
compounds besides the carbonate of alkall that
in the case of a very high percentage of earbonate

- of alkall, such as, for instance, 200 g/1 electrolyte,

a further increase of the cathodie current utiliza-
tlon no longer occurs,

Furthermore, it has been found that the tem-
perature of the electrolyte exerts a very consider-
able influence on the electrolysis. Thus it has
been found that temperatures between 25 and

.40° centigrade present particular advantages as

to the compact deposit of eopper or the produe-
tlon of smooth coatings. In the case of lower
temperatures of the electrolyte, for instance, of
about 20° centigrade, hitherto employed as a
rule, it is true that solid coatings are produced
which, however, present depending upon the
agitation of the electrolyte more or less great
exctrescences (warts, long threads etc.) which
fall off very easily from the cathodes and are be-

'sides a continuous danger as to the formation of
“short circufts.

Two electrolytic tests, in which according to

“the invention an alkali carbonate content of more

than 100 g per liter was employed and the elec-

trolyte temperature amounted to about 35° centi-

g’fade., gave thg following current utilizations:

—

Trst 1 Test 2
. . Per cent | Per eent
Cathodle carrent atillzation .. ... _______ 97.6 | £7.8
Anodie eurrent utilisation. ... . . (. ___ 8.1 100

The electrolyte employed in this case had the fol-
-lowing composition:

g/1
‘Copper as sulfate of copper.. . ___ 20
‘Carbonate of ammonfum_______.. S 5
Cerbonate of sodlum——__________ ... . ___ 200
Ammonia ool 30
The cathodic current density amounted to sbout
150 amp/m?3.

In the treatment of plated iron or aluminum
plates the electrolysis may be exactly controlled
by reference to the bath voltage; whereas at the
begihning the voltage amounts to about 0.6 to 0.8
volt and during the electrolysis increases to about
1 volt, the voltage increases at the end of the
electrolysis, i. e., when the coating metal is prac-
tically separated and attains values from 1.5 to 2
volts and more. If after the increase in voltage
oceurring at the end of the electrolysis constant
voltage values are agaln measured, this is a sign
‘that the coating metal, such as, for instance, cop-
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per or tombac, is completely separated from the
basic metal.

To produce the electrolyte suitable for the elec-
trolysls in a simple and economic form, it has
proved very suitable that a solution be employed
which contains in a dissolved state the copper as
cupric salt, for instance, as carbonate of copper
or sulfate of copper. This solution is then in-
timately agitated in the electrolyte container it-
self or in a particular container in which copper
or its alloys or also metals plated therewlth are
contained in a sufficient quantity so that accord-
ing to the above-mentioned equation the bivalent
copper is converted to the greatest extent into
the univalent form. If the desired percentage of
cuprous copper is attained, for instance, 10 g/1,
the electrolysis is Initiated, whereupon the copper
separates in a solld and compact form presenting
& bright red color.

Example 1

An alloy containing 63% Cu and 37% Zn is
subjected at a cathodic current denslty of 100
amp/m? to the electrolysis in a solution which

containg per liter

g/1
Cu 20
(NH)200s 100
NasCOy o 100
FreNH» _____________ ___ ___ _____._ 30

The alloy to be treated which, for instance, Is
used in the form of strips of sheet metal is in-
serted into the bath in a sultable manner with
the aid of {ron anode cages. The electrolyte is
thoroughly agitated by circulation, the speed of
circulation being maintained jn such & manner
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that the bath liquid is renewed in the electrolyte '

cell every hour. The bath voltage mounts
from 0.7 to 0.9 volts. The copper is deposited in
a solid and compact form onto the sheet iron
cathodes to be employed. In the case of a rela-
tively long duration of the electrolysis when the
copper sheet has attained, for instance, a thick-
ness of about 2 to 3 mm, the copper sheet is re-
moved from the iron base. The copper produced
shows a high purlty as is the case with electrolyt-
ic copper. The electrolytic conductivity of the
copper produced was the same as that of the

electrolytic copper produced in a known mahner.

during the electrolysis from & solution of sulfate
of copper.

Example 2

Copper-plated steel {ron cuttings are placed
in a basket surrounded with wire gauze and then
subjected to the electrolysls In the same manner
as in Example 1. By maintalning the cathodic

current density of Dx=100 amp/m? solid and

com-pact copper Is deposited onto the cathode
plate. The bath voltage amounts at the beginning
of the electrolysis from 0.7 to 0.9 volis. Only
towards the end of the electrolysis if practically
all copper has been deposited the voltage In-
creases to a slight extent. At voliages from 1.5
to 2 volts the separation of the copper from the
fron is terminated, thus leaving at the anode an
iron free of copper.

Example 3

Cuttings of copper-plated aluminum sheet
which Is employed, for instance, in the form of
strips are placed in a sulteble manner in an an-
ode cage and are subjected to the electrolysis as
jn Instances 1 and 2. The copper separates
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from the aluminum and Is deposited onto the
cathode in a solld form. At the beginning of
the electrolysis the voltage amounts to 0.6 volt.
When the voltage attalns a value from 1.9 to
2.0 volts the electrolysis is interrupted, since the
copper has then been completely separated from
the aluminum, thus leaving at the anode the alu-
minum sheet free from copper. The copper was
deposited as in the instances 1 and 2 on iron
cathodes and separated from the sheet when it
attained a sufficlent thickness after removing
the edge insulation. Instead of iron also alu-
minum cathodes are employed in this case in
which the removal of copper from the cathode
was effected in the same manner as in the case
of iron cathode plates.

In treating copper alloys, particulariy plated
metals, in ammoniacal lyes the solutions become
gradually rich in metals besides copper contalned
in the alloys, for instance, zinc and nickel. If
the solutions are rich in these foreien metals be-
yond a certain degree the copper electrolysis s
impalred. While pure ammoniacal copper solu-
tions or such poor in forelgn metals produce un-
der circumstances solid deposits the latter be-
come under the same circumstances but with
higher percentages of foreign metal more granu-
lar and brittle until finally they are converted In
the case of very great amounts of impurities into
a useless spongy form. To ensure a good deposit
of copper it Is therefore necessary to malntain
the solution as pure as possible; the electrolyte
must be freed of the foreign metals at given in-
tervals in order that its percentage of impurities
does not exceed the permissible maximum value.

According to the invention it is possible to pre-
cipitate in a very simple manner the forelgn
metals from the ammoniacal copper solution or
to purify the sglution to such an extent that it
causes no difficulties when used again for the
electrolysis. Varlous tests have shown that by
concentrating the contaminated ammoniacal
copper solution by evaporation a precipitation of
foreign metals in the form of hydroxides oceurs,
whereas the copper remains surprisingly in solu-
tlon. With an ammoniacal solution containing
20 g/1 copper and 30 g/l zinc a zinc hydroxide
precipitation sufficlent for the operation might
be attained if the solution had been concen-
trated by evaporation to 50% of the original
quantity. Under these circumstances 65.59% of
the zinc contalned in the solution could be pre-
cipitated, whereas at the same time only 1,1%
of the copper contained in the solution before
the concentration by evaporation was converted
Into hydrate deposit. The relationship between
the precipitation of zinc and the deeree of con-
centration by evaporation will be apparent from
the following table:

Derease  of  the
metal content in
per eent referred
Metal ocantents
Degree of conoentration | 0 the metal é]:: d:ﬁ‘,’t‘ihlgs;dl?é
by evaporation in por | JUABMEY before |\ BT
eont Ebe bconceutra- ’
ion by evapora-
tion
Copper Zine Copper Zine
'13 1 ég 5 3 2 378
. 5, , 2 7.8
17.7 a1 4.1 4.5

As will be seen from the above table it is pos-
sible by properly selecting the degree of con-
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centration by evaporation to precipitate to a
rather great extent the zinc concentrated in the
solution, while the percentage of copper remalns
practically constant. The ammonia volatilized
during the evaporation 1s then regalned in a par-
tlcular condensation system. A complete sepa-
ration of the zinc, as is required, for instance, in
analytic work is not required in this connection,
sinee 1t is only essential when using the electro-

Ivte in circulation to precipitate such a great
amount of forelgn metal that the copper elec-
trolysis may function without any disturbances.
According to the same method also other metals
besides zinc such as, for instance, nickel! and
cobalt which are soluble in an ammoniacal solu-
tion may be separated from the copper.

GUNTHER HANSEL.



