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ABSTRACT 0F THE DISCLOSURE 
A method for electrore?ning crude copper including 

antimony in a high concentration comprising subjecting 
the crude copper to electrolysis as the anode in an elec 
trolyte containing sulfuric acid and copper ion to thus 
deposit re?ned copper on the thin copper cathode, where 
in the anode and the cathode are connected to a direct 
current power unit provided with a polarity converting 
device and direct-current is fed to both electrodes of said 
cathode and said anode while periodically reversing the di 
rection of the current flow between both electrodes at se 
lected times, with the proviso that the period of time 
during which positive polarity is applied to the anode 
in each cycle of the total impression cycles necessary to 
complete re?nement of the crude copper is controlled in 
the range of not greater than 200 seconds and that the 
ratio of the durations for impression of both polarities 
is regulated so as to satisfy the following equation: 

the period of time for impression of negative polarity 
to the anode ( seconds)/ period of time for impression 
of positive polarity to the anode (seconds)==not less 
than 0.025. 

The crude copper includes from 0.1 to 3.0 wt. percent 
of antimony and at least 0.1 wt. percent of arsenic. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a method for electro 
re?ning crude copper containing antimony and arsenic. in 
high concentrations to thereby obtain copper of high 
purity. 

(b) Description of the Prior Art 
Among the products from the smelting process of heavy 

metals, there are many kinds of copper-rich by-products 
containing antimony and arsenic in high concentrations 
as accompanying elements. And, among natural copper 
ores, there are ores containing antimony and arsenic in 
high concentrations along with copper. It_has so far been 
very di?icult to obtain crude copper having a grade equiv 
alent to one popular for use in electrore?ning from these 
copper-containing by-products and copper ores, and to 
lower the contents of antimony and arsenic thereof so as 
to make it possible to employ same as the anode for use 
in electrore?ning copper. 
As for the contents of antimony and arsenic in partic 

ular among the impurities contained in the conventional 
anode for use in electrore?ning copper, the former is in 
the range of 0.002 to 0.09% or thereabout and the latter 
is in the range of 0.0003 to 0.06% or thereabout. 

In the case of crude copper obtained by smelting the 
foregoing copper~containing by-products and copper ores 
for the purpose of using them as the anode, however, 
antimony and/or arsenic remain therein to the extent of 
about 0.1% or more respectively. And, employment of 
an anode consisting of crude copper of such a grade in 
electrore?ning would give rise considerably to suspended 
slime and to develop the so-called passive state of an 

10 

15 

20 

25 

30 

40 

50 

60 

70 

2 
anode, entailing suspension or stoppage of operation of 
the electrolysis. 

SUMMARY OF THE INVENTION 

The present invention is intended to provide a method 
for electrore?ning crude copper including antimony and 
arsenic in such high concentrations as above to thereby 
yield a high-purity copper efficiently. ’ 
The inventors of the present invention have electro 

lysed crude coppers including antimony and arsenic in 
high concentrations by applying various conditions for 
electrolysis and come to the ?ndings as follows: 

(a) When a crude copper including antimony and/or 
arsenic to the extent of about less: than 0.1% respectively 
is electrolysed by applying a current density of 150 to 
180 amperes per square meter and under the condition 
of conventional electrolysis, there occurs no trouble even 
during a prolonged electrolysis. However, in case of a 
current density exceeding 200 amperes per square meter, 
no problems occur at the outset, but as the period of time 
for electrolysis exceeds 72 hours, a lot of suspended 
slime is generated to develop the so-called passive state 
of the anode and to bring about an abnormal voltage, 
whereby continuous operation of the electrolysis becomes 
dil?cult. 

(b) When a crude copper including antimony and ar~ 
senic in excess of 0.2% respectively is electrolysed, the 
higher is the content of antimony and arsenic and the 
higher is the current density applied to the electrolysis, 
the sooner there occurs an abnormal state of electrolysis 
(namely, passive state of anode) rendering it di?icult to 
continue the electrolysis. 
And the occurrence of this abnormal state is more con 

spicuous in the case of a crude copper high in antimony 
content than in the case of crude copper high in arsenic 
content. 

(c) When a crude copper including arsenic to the ex 
tent of 2% and antimony to the extent of less than 0.1% 
is electrolysed by applying a current density of 150 to 
200 amperes per square meter to the anode, there occurs 
no trouble. But, when a crude copper including antimony 
of 0.1% or more is electrolysed, the higher is the anti 
mony content, the sooner is the occurrence of said ab 
normal state. For instance, in the case of effecting elec~ 
trolysis by the use of a crude copper including 0.36% 
of antimony and 0.31% of arsenic while applying a cur 
rent density of 150 amperes per square meter to the 
anode, there occurs an abnormal voltage in about 100 to 
110 hours. In the case of electrolysis by applying the 
same current density as above and using a crude copper 
including 0.74% of antimony and 0.79% of arsenic, there 
occurs an abnormal voltage in about 90 hours, rendering 
it di?icult to continue the electrolysis any longer. When 
a similar crude copper including about 0.7% of antimony 
is electrolysed by applying a current density of 220 am 
peres per square meter, electrolysis becomes di?icult 35 
to 40 hours after the start of operation. And, in the case 
of a crude copper including about 1.6% of antimony, 
it becomes impossible to continue the electrolysis 10 to 
15 hours after the start of operation. 
As is evident from the foregoing, according to the con 

ventional electrolysis to be operated by applying a current 
density in the range of 200 to 250 ‘amperes per square 
meter, electrolytic treatment of crude copper including 
0.1% or more of antimony is difficult, and therefore, 
there has been a need ‘for development of an eifective 
method of treating crude copper of this sort. 

(d) When a crude copper having the above composi 
tion which gives rise to an abnormal state in the course 
of electrolysis rendering it dit?cult to continue the elec 
trolysis is subjected to electrore?ning as the anode, break 
of the electric current ‘for electrolysis for a short time or 
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temporary reversal of the direction of current ?ow can 
dispel said abnormal state and renders it possible to con 
tinue the electrolysis. 
The present invention has been accomplished on the 

basis of the foregoing ?ndings obtained through elec 
trolysis of crude coppers including 0.1% or more of 
arsenic and antimony in a high concentration under var 
ious conditions of electrolysis. 
To be precise, the present invention relates to a method 

for electrore?ning crude copper, which features a clever 
application of the process for a plating method known 
as the electroplating method of periodic reversal current 
to an electrore?ning of those crude coppers of high anti 
mony contents which have hitherto been considered ‘to 
be di?icult or impossible to electrolyse by the Kknown elec 
trore'?ning methods. That is, the process of making elec 
tric current ?ow in reverse directions at regular inter 
vals, thereby ef?ciently producing a high-purity copper 
having a grade equal to that of the conventional electro 
lytic copper from said crude coppers through electrore 
?ning. 
At the time of etfe'cting electrolysis by employing a 

crude copper including antimony and arsenic in high 
concentrations as Ithe anode, it is desirable to set both the 
period of time for regular ?ow of electric current and 
the period of time for reverse ?ow of electric current to 
be short, and it is preferable to set the ratio of the period 
of time for reverse ?ow of electric current '(seconds) to 
the period of time for regular ?ow of electric current 
(seconds) to be as small as possible. In this context, said 
regular ?ow of electric current means the case of apply 
ing an electric current by employing an electrode con 
sisting of crude copper as the anode, that is, the case of 
impressing positive polarity on said electrode consisting of 
‘crude copper, ‘while said reverse ?ow of electric current 
means the case of applying an electric current by employ 
ing an electrode consisting of crude copper as the cathode, 
that "is, Ithe case of impressing negative polarity on said 
electrode consisting of crude copper. For instance, in 
the case of electrore?ning employing a crude copper in 
cluding at least 0.l1% of antimony and at least 0.‘-l% of 
arsenic as the anode and effected by applying a current 
density of 200 to 400 amperes per square meter and var 
ious ratios of the period of time for reverse ?ow of elec 
tric current to the period of time for regular ?ow of elec 
tric current, that is, when the period of time for reverse 
?ow of electric current is set in the range of from ‘1 
second to about ll0 seconds while the corresponding period 
of time for regular flow of electric current is set in the 
range of from about 10 seconds to about 300 seconds 
so as to apply various ratios of the reverse flow of current 
to the regular t?ow of current ranging lfI'Ol’l’l 1/10 to V5, at 
the time of ‘applying electric current, there are observed 
such tendencies as shown in (a) to (d) below: 

(a) When the ratio of the duration of reverse current 
?ow to the duration of regular current flow is less than 
1/10 (t=0.02‘5), regardless of the length of said durations, 
recovery from the abnormal state of electrolysis tends to 
be slow.~ 

'(b) Even when the ratio of the duration of reverse 
current flow to the duration of regular current ?ow is 
?xed at 0.025 or more, in case the duration of the regular 
current flow is set to be long, say, at a value exceeding 
‘180 seconds, generation of the suspended slime tends to 
increase in a way, leading to a slow recovery from the 
abnormal state of electrolysis. Therefore, it is desirable 
to set said duration to be not greater than 200 seconds. 

*(c) [Even when the duration of the reverse current ?ow 
is set at a value considerably exceeding 1 second, the 
effect of recovery from the abnormal state of electrolysis 
is not necessarily enhanced in proportion to the increase 
in said value. Therefore, it is also obviously desirable to 
set it to be usually not more than 1 second from the view 
point of current e?iciency too. And, with a view to satis 
fying the aforesaid ratio of 0.025, when the duration of 
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the regular current ?ow is set to be 200 seconds for in 
stance, the duration of the reverse current ?ow is required 
to be at least 5 seconds for complete recovery from the 
abnormal state of electrolysis, and when the duration of 
the regular current ?ow is set to be 10- seconds, the dura 
tion of the reverse current ?ow is required to be at least 
0.25 second for the same purpose. _ 
(d) In the case of a crude copper including antimony 

in the range of [from 0.1% to less than 0.4% in concen 
tration, which has been considered unsuitable for a long 
spell of electrolysis by the conventional methods (which 
apply a current density of ‘200 to 250 amperes per square 
meter), lthe method of the present invention renders it 
possible to continue a normal operation of electrolysis 
for a long period of time even at as high a current density 
as 350 amperes per square meter. However, it becomes 
somehow dif?cult to continue the normal operation at the 
current density of 400 amperes per square meter. And, 
in the case of a crude copper including antimony of 0.4% 
or more in concentration, a long spell of electrolysis can 
be satisfactorily operated at a current density of 200 to 
‘250 amperes per square meter, while in the case of a 
crude copper including antimony exceeding 3%, restora 
tion of the normal state of electrolysis and operation ot a 
long spell of electrolysis become obviously di?‘icult. 
Though the arsenic content in a crude copper usually 

approximates the antimony content therein, it does not 
restrict the conditions of electrolysis so much as anti 
mony in the operation of electrolysis under the foregoing 
various conditions. However, a crude copper including 
more than 3% of arsenic tends to lower the grade of 
products, and, therefore, it is desirable to use a crude 
copper including less than 3%, preferably less than 2%, 
of arsenic to be subjected to treatment by the method of 
the present invention. 

In view of the foregoing tendencies, on the occasion of 
practicing the electrore?ning of crude copper as the anode 
according to the method of the present invention, it is 
most appropriate to employ a recti?er capable of convert 
ing the polarity from positive to negative and vice versa, 
to set the ratio of the duration of the reverse current ?ow 
(seconds) to the duration of the regular current ?ow (sec 
onds) at more than 140 preferably in the range of 1A0 to 
1A0, and, in the case of the anode consisting of a crude 
copper including arsenic of not less than 0.1% and an 
timony in the range of from 0.1% to less than 0.4%, to 
set the duration of the reverse current flow preferably at 
less than 10 seconds, more preferably less than 5 seconds, 
while setting the duration of the regular current ?ow pref 
erably at less than 200 seconds, and applying a current 
density of less than 400 amperes per square meter. When 
a crude copper including arsenic of not less than 0.1% 
and antimony in the range of from 0.4% to 3% is used as 
the anode, it is most appropriate to operate the electroly 
sis by setting the duration of the regular current flow at 
200 seconds or less in ?xing the aforesaid ratio of dura 
tions of current ?ows and by applying the regular current 
flow and the reverse current ?ow alternately at a current 
density of not greater than 250 amperes per square meter. 
As for the lower limit of the current density in this con 
nection, in case the current density applied is less than 
150 amperes per square meter, it would nullify the ad 
vantage of application of the method of the present inven 
tion, so that it is usual to adopt 150 amperes per square 
meter as the lower limit of current density. 
As for the temperature of the electrolyte at the time of 

electrolysis according to the present invention, the higher 
it is, the more it is e?ective for preventing the occurrence 
of the abnormal state of electrolysis, and yet, in case it 
is more than about 65° C., there would occur “rough 
deposit” on the surface of the produced electrolytic cop 
per. For this reason, it is desirable to hold the tempera 
ture of the electrolyte at the time of electrolysis according 
to the method of the present invention in the range of 
about 55 to 65° C. The present invention is, as set forth 
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above, a method capable of displaying an excellent effect 
in electrore?ning of crude coppers including antimony and 
arsenic in high concentrations, a method capable of pro 
ducing electrolytic copper in high e?iciency particularly in 
the case of a crude copper including antimony of, say, 
less than 0.4% at as high a current density as 350 amperes 
per square meter. But, when the content of antimony is 
especially high such as exceeding 1%, the grade of the 
resulting product electrolytic copper‘ tends to be somewhat 
inferior to that obtained from a crude copper including 
less than 1% of antimony. Consequently, when the quality 
of the product is taken into consideration, a crude copper 
including less than 0.6% of antimony is most suitable to 
be treated by the method of the present invention. 

In the present invention, the distance between the crude 
copper electrode (or anode) and the pure-copper electrode 
(or cathode) in an electrolytic cell is desirable to be main 
tained in the range of about 100 to 120 mm. And, the feed 
ing of the electrolyte to the electrolytic cell in the present 
invention is operated in such a fashion that the electrolyte 
is put in said electrolytic cell through one end of the cell 
and discharged through the opposite end thereof for re 
cycling. In this context, it is advisable to provide a ?lter 
for the electrolyte-cycling channel outside the electrolytic 
cell so as to remove the colloidal matters in the discharged 
electrolyte arising from electrolysis. Besides, addition of 
a small quantity of the powder of an appropriate ?ltering 
assistant such as diatomaceous earth to the electrolyte to 
be ?ltered has the effect of not only keeping the function 
of the ?lter in good order for hours but also imparting 
?ne appearance to the re?ned copper. . 

In the present invention, the conditions for electrolysis 
other than those described in the foregoing are much the 
same as those for the conventional electrolysis, and yet, 
it is desirable that, in the electrolyte for use in the present 
invention, the concentration of Cut+ ion is in the range 
of about 40 to 50 g./l., the concentration of H2804 is in 
the range of about 170 to 210 g./l., and it is further ad 
visable to add glue to the extent of from about 4 to 100 
g./ton electrolytic copper and thiourea to the extent of 
from about 50 to 150 g./ton electrolytic copper to said 
electrolyte. As for Cl- ion, it is appropriate to make its 
concentration in said electrolyte be less than 0.1 g./l. 

According to the present invention as described above, 
it is possible to obtain in high e?iciency an electrolytic 
copper containing more than 99.99% of copper, less than 
0.0002% of antimony and less than 0.0002% of arsenic. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereunder will be a further elucidation of the present 
invention by reference to some embodiments thereof. 

Example 1 

Electrore?ning was conducted by the use of a crude 
copper including 97.13% by weight of copper, 0.6% by 
weight of antimony and 1.6% by weight of arsenic as 
the anode. The electrolyte composed of 40 g./l. of copper 
and 200 g./l. of sulfuric acid (in concentration) was fed 
to the electrolytic cell by cycling at the rate of 18 to 20 
l./min. while its temperature being held at 59 to 61° C. 
When the electrolysis was effected by applying a current 
density of 200 to 220 amperes per square meter, there oc 
curred an abnormal state about 45 hours after the start 
of electrolysis, whereby electrolytic dissolution of the an 
ode became difficult and continuous operation of the 
electrolysis became impossible. At this juncture, the elec~ 
trolysis Was switched over to the method of the present 
invention. That is, upon setting the duration of the regular 
current ?ow to be 90 seconds and the duration of the re 
verse current ?ow to be 3 seconds by means a polarity 
converter (a manufacture of Hirao Denki K.K.), electric 
current was ?owed in opposite directions alternately. As a 
result, it became possible to perform the electrolysis very 
easily. 
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Example 2 

When electrolysis was conducted by the use of a crude 
copper including 95.84% by weight of copper, 0.7% by 
weight of antimony and 2.6% by weight of arsenic as the 
anode and under the conditions for electrolysis of 220 am— 
peres per square meter in current density, 59 to 61° C. 
in temperature of electrolyte, 100‘ mm. in electrodes dis 
tance, 18 to 20 l./min. in cycling rate of electrolyte, use 
of electrolyte consisting of 40 to 43 g./l. of copper, 190 
to 200 g./l. of sulfuric acid, 0.2 g../l. of antimony and 1.3 
g./l. of arsenic, duration of regular current ?ow set at 
90 seconds, and duration of reverse current flow set at 3 
seconds, normal operation of the electrolysis was possible. 
The cell voltage for electrolysis in this case was 0.28 v. 
in the early stage and 0.28 v. at the end. The current 
e?iciency was 99.3% for the regular current ?ow and 
93.0% for the total current ?ow. The impurities among 
the deposited substances were more than 0.0001% of an 
timony and 0.0002% of arsenic. ' 

Example 3 
When electrolysis was conducted by the use of a crude 

copper including 93.64% by weight of copper, 2.1% by 
weight of antimony and 3.4% by weight of arsenic as the 
anode and under the conditions for electrolysis of 220 am 
peres per square meter in current density, 59 to 61 ° C. in 
temperature of electrolyte, 100 mm. in electrodes distance, 
18 to 20 l./min. in cycling rate of electrolyte, use of elec 
trolyte consisting of 40 to 43 g./l. of copper, 190 to 200 
g./l. of sulfuric acid, 0.2 g./‘l. of antimony and 1.3 g./l. 
of arsenic, duration of regular current flow set at 180 
seconds, and duration of reverse current ?ow set at 9 
seconds, normal operation of the electrolysis was possible. 
The current e?iciency was 99.5% for the regular current 
flow and 89.6% for the total current ?ow. The impurities 
among the deposited substances were 0.0014% of anti 
mony and 0.007% of arsenic. 

Example 4 
As a result of continuous operation of electrolysis for 

about 2 months, using crude copper having copper con 
tent in the range of 99.0 to 99.2%, antimony content in 
the range of 0.1 to 0.19% and arsenic content in the range 
of 0.05 to 0.15% as the anode, under the conditions of 
350 amperes per square meter in current density, 62 to 
65° C. in temperature of electrolyte, 100 mm. in elec~ 
trodes distance, 15 to 20 l./min. in cycling rate of elec 
trolyte, use of electrolyte consisting of 38 to 42 g./l. of 
copper, 183 to 187 g./l. of H2804. 0.01 to 0.037 g./l. of 
Cl and 0.3 g./l. of antimony, ?ltration of electrolyte in its 
entirety, alternate application of regular current flow which 
duration was set at 16 seconds and reverse current flow 
which duration was set at 1 second, the state of electro~ 
deposition was satisfactory and the voltage of unit cell 
showed no abnormality. The concentration of antimony 
in the electrolyte which had been 0.35 g./l. at the begin 
ning attained a maximum of 0.55 g../l. 
The electrolytic copper obtained through this electrolysis 

contained less than 0.0001% of antimony and less than 
0.0001% of arsenic. And, the current et?ciency was 
95.0% for the regular current ?ow and 86% for the total 
current ?ow. 
What is claimed is: 
1. A process for the electrolytic re?ning of crude cop 

per, which comprises subjecting to electrolysis a ?rst elec 
trode of crude copper containing from 0.1 to less than 0.4 
Wt. percent of antimony and at leastO.1 wt. percent of ar 
senic to deposit puri?ed copper onto a second electrode, 
employing as the electrolyte an aqueous solution contain 
ing sulfuric acid and copper ions and maintaining the tem 
perature of the electrolyte in the range of about 55 to 65° 
C. during the electrolysis, the electrolysis being carried out 
by ?owing a DC. current, at a current density of from 
150 to 400 a./m.2, between said electrodes with positive 
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polarity being applied to said ?rst electrode for a period of 
time of less than 200 seconds, followed by reversing the 
polarities of said electrodes for a period of time such that 
the following equation is satis?ed 
time of applying negative polarity to first electrode 
time of applying positive polarity to first electrode 

=l to —1— 
10 40 

and then repeating the cycle until the puri?ed copper is 
deposited on the second electrode. 

2. A process according to Claim 1, in which the posi 
tive polarity is applied to said ?rst electrodefor at least 
10 seconds. 

3. The electrolytic re?ning process according to Claim 
1, wherein the crude copper includes arsenic in the range 
of from 0.1 to 3% by weight. 

4. A process for the electrolytic re?ning of crude cop 
per, which comprises subjecting to electrolysis a ?rst elec 
trode of crude copper containing from 0.4 to 3.0 wt. per 
cent of antimony and at least 0.1 Wt. percent of arsenic to 
deposit puri?ed copper onto a second electrode, employing 
as the electrolyte an aqueous solution containing sulfuric 
acid and copper ions and maintaining the temperature of 
the electrolyte in the range of about 55 to 65° C. during 
the electrolysis, the electrolysis being carried out by flow 
ing a DC current, at a current density of from 150 to 250 
a./m.2, between said electrodes with positive polarity being 
applied to said ?rst electrode for a period of time of less 
than 200 seconds, followed by reversing the polarities of 

,_ ., v ,_ .8 . 

said electrodes fora period of ‘time such that the following 
equation is satis?ed. ' . 

time of applying negative polarity‘ to first electrode ‘h 
time'of applying positive polarity to first electrode 

. v v . 1 .1, 

and then repeating the cycle until the puri?ed copper is 
deposited on the second electrode.v f v ' ‘ 

'5. A process according to Claim’4, in which the posi 
tive polarity is applied to 'said'?rst electrode for at least 
l0seconds._ _ “‘ j n L j, ' , ' _ 

6. The electrolytic re?ningprocess according to ‘Claim 
4, wherein the crude copper ‘contains arsenic in the range 
of from 0.1 to 3% by weight. ‘ ' ' ' ' 
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