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(57) Abrégée/Abstract:

A method of purifying copper electrolytic solution being circulated in a copper electrorefining system wherein a portion of the
solution Is withdrawn and Is recycled to the system after purification treatment in which hydrosulfide Is added to the solution
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(57) Abrege(suite)/Abstract(continued):

withdrawn to generate only the necessary quantity of hydrogen sulfide gas on the spot and the hydrogen sulfide gas generated Is
utilized for purification treatment. One process comprises dividing the solution withdrawn into two portions, adding sodium
hydrosulfide to the first portion to precipitate and separate metals as sulfides from the first portion, further adding excess sodium
hydrosulfide to the first portion for reaction with residual sulfuric acid in the solution to generate hydrogen sulfide gas, contacting
the second divided portion with the hydrogen sulfide gas thus produced to precipitate and separate metals in the form of sulfides,
and recycling the filtrate to an electrorefining system. There Is also provided a process comprising contacting the solution with
hydrogen sulfide gas to separate and remove Cu, As, Sb and Bi In the form of sulfides from the solution, dividing the solution into
two portions, wherein the first portion Is recycled to the electrorefining system, whereas excess sodium hydrosulfide Is added to the
second portion to separate and recover Ni as nickel sulfide from the solution, while resulting hydrogen sulfide gas Is used for
contact with solution to be treated.
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ABSTRACT
A method of purifying copper electrolytic solution being
circulated in a copper electrorefining system wherein a
portion of the solution is withdrawn and 1is recycled to the
system after purification treatment in which hydrosulfide 1is
added to the solution withdrawn to generate only the
neCessary quantity of hydrogen sulfide gas on the spot and
the hydrogen sulfide gas generated is utilized for
purification treatment. One process comprises dividing the
solution withdrawn into two portions, adding sodium hydro-
sulfide to the first portion to precipitate and separate
metals as sulfides from the first portion, further adding
excess sodium hydrosulfide to the first portion for reaction
with residual sulfuric acid in the solution to generate
hydrogen sulfide gas, contacting the second di\iided portion
with the hydrogen sulfide gas thus produced to precipitate and
separate metals in the form of sulfides, and recycling the
fFiltrate to an electrorefining system. There is also provided
a process comprising contacting the solution with hydrogen
sulfide gas to separate and remove Cu, As, Sb and Bi in the
form of sulfides from the solution, dividing the solution 1into
two portions, wherein the first portion 1is recycled to the
electrorefining system, whereas excess sodium hydrosulfide is
added to the second portion to separate and recover Ni as
nickel sulfide from the solution, while resulting hydrogen

sulfide gas is used for contact with solution to be treated.
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SPECIFICATION
Method of purifying copper electrolytic solution

BACKGROUND OF THE INVENTION

This invention relates to a method of purifying suifuric
acid-containing copper electrolytic solution being circulated
in a copper electrorefining system in which crude copper 1s
electrolyvtically refined to high purity electrolytic copper,
and particularly a method of purifying such copper electro-
lytic solution being circulated with removal of metals such as
copper, arsenic, antimony, bismuth and the like which are
gradually built up in the solution and also purifying method

by which such metals, especially nickel can be separated and

recovered.

In a system for electrorefining crude copper to high
purity electrolytic copper, the progress of electrolysis
entails gradual buildup of copper, arsenic, antimony, bismuth
and the 1like that have dissolved from the copper anode into
the copper electrolytic solution being circulated. The
increases in concentrations of the impurity metals such as
arsenic, antimony, and bismuth lead to deterioration of the
quality of the product copper. Moreover, the presence of
excess copper adversely affects the properties of the electro—
lytic copper produced. With a copper electrorefining system,
therefore, it is common practice to purify the electrolytic

solution at regular intervals.

A widely used method of purification comprises heating
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a copper electrolytic 'solution to concentrate it and
separating and removing copper as copper sulfate £rom the
solution by taking advantage of the differences 1in the
solubilities of the components, causing electrodeposition of
the copper, arsenic, antimony, and bismuth remaining 1in the
solution by electrowinning, and finally cooling the solution
and separating and recovering nickel as nickel sulfate
taking advantage of the solubility difference and returning'
back to a electrolytic tank the filtrate that has resulted
from the separation and recovery of nickel sulfate.

But, this method, which depends on electrowinning for
the removal of arsenic, antimony, and bismuth, has the
disadvantage of evolving highly toxic arsine gas (As;H)
during electrolysis. An additional demerit is unusually large
power consumption involved in the electrowinning.

Japanese Patent Application Kokai No. 57-5884 describes
a method of treating a copper electrolytic solution whereiln
the copper electrolytic solution having subjected to copper
electrorefining is first treated to remove copper and then the
copper-removed electrolytic solution is heated to no less than
40°C and hydrogen sulfide gas is blown into the solution to a
given potential to precipitate the metal wvalues 1in the
solution as sulfides, followed by filtration resulting in the
precipitate to be used as raw material for copper refining and
the filtrate to be recycled as copper electrolytic solution.
Many problems, however, involve in the handling of highly
toxic hydrogen sulfide gas in a large quantity as indicated in
this method. That is, this method necessitates the transport
and storage of highly toxic, high-priced hydrogen sulfide gas

in a large quantity and does not assure safe Operation which
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means that this method is an industrially unfeasible method.

In view of the above, the object of this invention is to
establish an industrially feasible method wuseful as a
purifying method of a copper electrolytic solution being
circulated in a copper electrorefining system which takes the
place of the separation method of arsenic, antimony, and
bismuth depending on electrowinning and evolving highly toxic
arsine gas and by which the transport and storage of highly
toxic, high-priced hydrogen sulfide gas in a large quantity

is not necessitated and assures safe operation.

BRIEF SUMMARY OF THE INVENTION

After intensive research, in place of the separation
method of arsenic, antimony, and bismuth depending on electro-
winning evolving highly toxic arsine gas, an attention was, 1in
turn, paied to potential utility of the method of precipitat-
ing and separating these metals as sulfides. As stated above,
however, the blowing of hydrogen sulfide gas into an electro-
lytic solution to precipitate and remove these metals as
sulfides necessitates the transporting and handling of highly
toxic hydrogen sulfide in a large quantity, further in a gas
form and so is industrially unfeasible.

As an industrially effective separation method by
sulfide precipitation capable of overcoming those demerits,
perceiving the fact that the copper electrolytic solution
contains sulfuric acid, a new method has been hit upon wherein
low-priced sodium hydrosulfide (NaHS) is added to a copper
electrolytic solution containing sulfuric acid to generate

oniy the necessary amount of high-priced hydrogen sulfide
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(H,S) gas on the spot, which 1s to be blown 1into a copper
electrolytic solution to be treated so as to contribute to
the separation reaction. Thus, by using 1low-priced sodium
hydrosulfide to generate high-priced hydrogen sulfide gas
only in the necessary amount on the spot, namely then and
there, an electrolytic solution may be treated efficiently
and safely.

Actually, it has been found that this method may be
usably conducted | by dividing an electrolytic solution
withdrawn from an electrorefining system into two portions,
adding sodium hydrosulfide to the first portion of the
solution to separate and remove copper, arsenic, antimony, and
bismuth in the form of sulfides from the first solution,
further adding excess sodium hydrosulfide for reaction with
residual sulfuric acid in the solution to generate hydrogen
sulfide gas, and contacting the second solution with the gas
thus produced and separating and removing copper, -arsenic,
antimony, and bismuth in the form of sulfides from the Second
solution and recycling the filtrate from the second solution
to the electrorefining system.

Under the above background, this invention, in its first
aspect, provides a method of purifying copper electrolytic
solution being circulated in a copper electrorefining system
wherein a portion of the electrolytic solution is withdrawn
from the system and is recycled to the system after having
been subjected to purification treatment for preventing the
buildup of impurities in the copper electrolytic solution
characterized in that sodium hydrosulfide is added to the

copper electrolytic solution to generate only the necessary

amount of hydrogen sulfide gas on the spot and the hydrogen
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sul fide gas generated is utilized for purification treatment.
This invention also provides a method of purifying
copper electrolytic solution being circulated in a copper
electrorefining system wherein a portion of the electrolytic
solution is withdrawn from the system and is recycled to the
system after having been subjécted to purification treatment
for preventing the buildup _ of‘ impurities in the copper
electrolytic solution comprising dividing the electrolytic
solution withdrawn into two portions, adding sodium hydro-
sulfide to the first divided portion of the solution to
precipitate and separate metals such as copper, arsenic,
antimony, and bismuth in the form of sulfides from the first
solution, further adding excess sodium hydrosulfide to the
first divided portion of the solution for reaction with
residual sulfuric acid in the' solution to generate hydrogen
sulfide gas, and contacting the second divided portion of the
solution with the hydrogen sulfide gas thus produced to
precipitate and separate metals such as copper, arsenic,
antimony, and bismuth in the form of sulfides from the second
solution and recycling the filtrate from the second solution
to an electrolytic system. it is advantageous that slaked
lime or calcium carbonate is added to the (first divided
portion of the solution to which sodium hydrosulfide was
added for its reaction with free sulfuric acid to form and
precipitate gypsum, and then the solution from which the
gypsum has been removed is adjust ed to pH 8 to 10 by the
addition of sodium carbonate or caustic soda, so that
impurities such as nickel, iron, etc. which could not have

removed to the full are separated ‘and removed as neutralized

precipitate.
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1t 1is preferable to 'divide the copper electrolytic
solution after having recovered almost‘ copper from the
electrolytic solution withdrawn by electrowinning. It 1is
better to passing the copper electrolytic solution through an
ion exchange resin to allow a portion of antimony and/or
bismuth to adsorb on the resin for separation before recdver-—-
almost copper in the electrolytic solution withdrawn Dby
electrowinning. It is also recommended to heat the eleCtro-
lytic solution to evaporate water and to precipitate and
separate copper as copper sulfate.

However, in the above method, as copper, arsenic,
antimony, and bismuth are separated and removed in the form of
sulfides from the first divided portion of the solution by the
addition of sodium hydrosulfide, part of the nickel content
too is separated and removed as nickel sulfide. While nickel
is an impurity from the viewpoint of purification, nickel is
a valuable metal and its high rate separation and recovery 'as
nickel sulfide from the system is desirable.

In view of the above, "the research has been further
continued for its object to provide a method whereby nickel
can be separated and recovered at a high rate from the copper
electrolytic solution being circulated in a copper electro-
refining system for the production of high purity electrolytic
copper from crude copper.

As the result,

(1) Contacting a copper electrolytic solution with hydrogen
sulfide gas separates and removes copper, arsenic, antimony,
and bismuth in the form of' sulfides from the solution, but
nickel remains unremoved; and

(2) When sodium hydrosulfide is added to the copper electro-
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1lytic solution after the separation and removal of copper,

arsenic, antimony, and bismuth as sulfides, the nickel that
can be separated and recovered as nickel sulfide, although
its proportion is not so large, includes 1little impurities
excepting sulfur, and so the recovered nickel sulfide, ~once
freed from excess sulfur, would generally have a high enough
quality level to be directly put on the market as a final
product.

Then, this invention provides, in its second aspect, a
method of purifying copper electrolytic soiution being
circulated in a copper electrorefining system wherein a
portion of the electrolytic solution is withdrawn from the
system and is recycled to the system after having been
subjected to purification treatment for preventing the
buildup of impurities in the' copper electrolytic solution
comprising contacting the copper electrolytic solution with
hyvdrogen sulfide gas to separate and remove copper, arsenic,
antimony, and bismuth in the form of sulfides from the
solution, and then dividing the solution into two portions,
wherein the first portion of the solution is recycled to the
electrorefining system, whereas excess sodium hydrosulfide is
added to the second portion of the solution to separate and
recover nickel as nickel sulfide from the solution, while
resulting hydrogen sulfide gas is utilized for contact with
the copper electrolytic solution to be treated next.

It is also possible, after the separation and recovery
of nickel as nickel sulfide by the addition of sodium
hydrosulfide, to add slaked lime or calcium carbonate to the
copper electrolytic solution for reaction with sulfuric acid

in the solution to form gypsum and separate and remove the
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gypsum from the solution, and thereafter add sodium carbonate

or caustic soda and separate and recover residual nickel as
nickel carbonate or nickel hydroxide, respectively, from the
solution.

As in the first method, a part of copper may be
separated and recovered from the copper electrolytic solution
by electrowinning or thermal concentration of the solution
prior to the separation and removal of copper, arsenic,
antimony, and bismuth in the form of sulfides from the
electrolytic solution through the contact of the solution
with hydrogen sulfide gas. The procedure brings the advantage
of reducing the consumption of sodium hydrosulfide and
hydrogen sulfide gas and also decreasing the amounts of the:
sulfides such as of copper formed.

The tefm "copper electrolytic solution" is wused to
comprehensively mean a copper electrolytic solution as
withdrawn from an electrorefining system and the copper
electrolytic solution from a part of copper has Dbeen

separated and recovered in advance by electrowinning.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

Fig. 1 is a flow sheet of a process for purification otf
a copper electrolytic solution according to the first aspect
of this invention.

Fig. 2 is a flow sheet of a process for purification of
a copper electrolytic solution while recovering nickel

according to the second aspect of this invention.

DETAILED DESCRIPTION OF THE INVENTION

In copper electrorefining, the concentration of copper
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in the electrolytic solution gradually increases since the
quantity of copper diésolved from an anode 1is generally
larger than that of copper deposited on a cathode. The
increase of copper concentration beyond a predetermined level
prevents the optimum electrorefining. On the other hand, |
arsenic, antimony, bismuth, iron and the 1like included 1in the
copper anode dissolved into the electrolytic solution. When
these impurity ions build up beyond a certain level, they
precipitate on the cathode to 1lower the grade of the
electrolytic copper produced. Further, nickel functions to
rise electrolytic voltage and. antimony exhibits adverse
actions such as floating due to hydrolysis. For the reasons,
it becomes important to conduct the purification of copper
electrolytic solution being circulated in a copper
electrorefining system wherein a portion of the electrolytic
solution is withdrawn from the electrolytic tank and 1is
recycled to the tank after having been subjected to
purification treatment.

Fig. 1 is a flow sheet of a process for purification of
a copper electrolytic solution according to the first aspect
of this invention. An electrolytic solution from an electro-
refining factory (which is herein indicated as a copper
electrolytic solution from which a part of copper has been

separated and recovered by electrowinning step, but this step

may be omitted.) is divided into two portions. The first
divided portion of the solution (solution I) 1is passed to a
sodium hydrosulfide adding tank while on the other hand
second divided portion of the solution (solution II) is
passed to reaction tank. In the sodium hydrosulfide adding

tank, an industrial grade of sodium hydrosulfide is added to
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the solution I to precipitate and separate metals such as
copper, arsenic, antimony, and bi'smuth in the form of sulfides
(sulfide I) from the solution I, and excess industrial grade
of sodium hydrosulfide is further added to the solution I for
reaction with residual sulfuric acid in the solution 1 to
generate hydrogen sulfide gas. The hydrogen sulfide gas
generated is passed to the reaction tank containing the
solution II to precipitate and separate metals such as copper,
arsenic, antimony, and bismuth in the form of sulfides
(sulfide 11) from the solution II and the filtrate from the
solution II is recycled to an electrolytic system. Further,
it is advantageous that 1in a neutralization equipment, slaked
lime or calcium carbonate is added to the first divided
portion of the solution (solution 1I) to which sodium
hydrosulfide was added for its reaction with free sulfuric
acid to form and precipitate gypsum, and then the solution
from which the gypsum has been removed is adjusted to pH 8 to
10 by the addition of an alkali agent such as sodium carbonate
or caustic soda, so that impurities such as nickel, iron, etc.
which could not have removed to the full are separated and
removed as neutralized precipitate. The precipitate 1is send
to the refining process as a byproduct, whereas the filtrate
is drained off.

The division volume ratio of the first divided portion
of the solution (solution I) to the second divided portion of
the solution (solution II) from which recycling electrolytic
solution is to be produced may range from 1:2 to 1:10. When
the volume of the solution II is too much, the quantity of the
recycling electrolytic solution becomes insufficient. When

the volume of the solution II is excessive, the necessary

1 O



02199788

amount of hydrogen sulfide gas can not Dbe produced. The
electrolytic solution from which copper has removed treatment
typically contains, all per liter, about 5 to 20 grams copper,
about 1 to 10 g arsenic, about 0.1 to 1 g antimony, about
0.05 to 1.0 g bismuth, about 5 to 20 g nickel, and about 150
to 300 g free sulfuric acid. According to the quantities of
impurities involved, the necessary amount of hydrogen sulfid-e
gas is decided from which the division ratio can be decided.
Since the hydrogen sulfide gas is generated in the
sodium hydrosulfide adding tank by allowing to react 1low-

priced sodium hydrosulfide with sul furic acid remaining 1in

passed to the reaction tank, there becomes no necessity for
transporting and storing high-priced hydrogen sulfide gas
in large quantity, and safe operation can be carried out. It
is preferable that the sodium hydrosulfide adding tank and
the reaction tank are mounted side by side.

Since copper constitutes the 1largest metallic .content
in a copper electrolytic solution, direct contact of the
solution with sodium hydrosulfide produces much copper
sul fide which is to be returned back to the coéper refining
process. Therefore, it is preferable to remove copper before
the sulfide precipitation treatment with sodium hydrosulfide.
As the method of the preliminary separation and recovery of
copper, the electrowinning process by which electrolytic
copper having more than 99% purity is obtainable and
concentration process under heating for separation as copper
sulfate are suitable. In the case where the electrowinning
is adopted, in order to enhance the purity of the electrolytic

copper to be obtained, it is found that the electrowinning

1 1
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is preceded by pretreatment of the copper electrolytic
solution with an ion exchange resin to remove antimony and/or
bismuth.

Fig. 2 is a flow sheet of a process for purification of
a copper electrolytic solution while recovering nickel
according to the second aspect of this invention.

(1) Preliminary recovery of copper by electrowinning

Similarly to the case of Fig. 1, a part of copper 1is
separated and recovered in advance from a copper electrolytic
solution by electrowinning. In this way, electrolytic coppér

with a purity of 99 % or more can be obtained. Since copper

constitutes the largest metallic content in a copper electro-
lytic solution, direct contact of the solution with hydrogen
sulfide gas produces much copper sulfide along with other
sul fides. The process involves large hydrogen sulfide gas
consumption and sulfide production. These are advantageously
lessened by the preliminary separation and recovery of copper
by electrowinning. The electrowinning 1is also herein
preferably preceded by pretreatment of the copper electro-
lytic solution with an ion exchange resin. It prevents the
contamination with impurities such as antimony and bismuth
and accordingly enhances the purity of the resulting
electrolytic copper to a greater advantage.

After the treatment the electrolytic solution typically
contains, all per liter, about 5 to 20 grams copper, about 1
to 10 g arsenic, about 0.1 to 1 g antimony, about 0.05 to 1.0
g bismuth, about 5 to 20 g nickel, and about 150 to 300 g
free sulfuric acid.

Alternatively, the copper electrolytic solution may be

concentrated with heat so that the copper content can partly

1 2
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be separated and recovered as copper sulfate in advance.

(2) Removal of copper, arsenic, antimony, and bismuth

The copper electrolytic solution from which part of
copper has been separated and removed in the step (1) above
is then brought in contact with hydrogen sulfide gas for
reactions with copper, arsenic, antimony, and bismuth 1in the
electrolytic solution. The reaction products formed and
precipitated as sulfides are separated and removed by a
conventional filtration technique from the solution. The
quantity of hydrogen sulfide gas to be used depends on the
arsenic and other impurity 'con-tents. Usually it 1is 1larger
than the theoretical quantity required for the formation of
the sulfides by about 0.1 to 5 %. The nickel content in the
sulfides thus separated is zero or infinitely close to zero.

(3) Division of the copper electrolytic solution

The filtrate that has resulted from the separation and
removal of copper and the like as sulfides is divided 1into
two liquid portions; the first solution (filtrate 1) and the
second solution (filtrate 2). The first solution (filtrate 1)
is freed from the copper, arsenic, antimony, and other
contents and adjusted in composition to suit for copper
electrorefining as it has passed through the steps (1) and
(2), and is recycled as a purified solution t o the copper
electrorefining process. Actually, the copper, arsenic, and

antimony concentrations in the solution thus purified are

less than 0.1 g each per liter.

The second solution (filtrate 2) is furnished for the
recovery of nickel. The ratio of the first solution
(filtrate 1) to the second solution (filtrate 2), which will

be described in detail later, desirably ranges from about 2:1

1 3
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to about 5:1 in wview of the fact that they are required 1in

actual operation to produce only the necessary amount of

hydrogen sulfide gas.

(4) Generation and utilization of hydrogen sulfide gas

as well as Formation and recovery of nickel sulfide

The addition of sodium hydrosﬁlfide to the second
solution (filtrate 2) causes 1its reaction with residual
sulfuric acid to generate hydrogen sulfide gas, which 1in
turn is recovered for utilization in the step (1). Thus
hydrogen sulfide gas which is the highly toxic gas can be
produced only in the necessary amount on the spot with a great
convenience for handling. The quantity of hydrogen sulfide
gas needed is predetermined, and sodium hydrosulfide is added
to the second solution (filtrate 2) to an excess Jjust
necessary for the generation of the gas. As the hydrogen
sulfide gas is generated the addition of sodium hydrosulfide
to the second solution (filtrate 2), about 5 to 30 % by weight
Oof nickel in the solution 1is produced as nickel sulfide and
recovered from thé solution. The nickel sulfide sO recovered
is almost free from impurities excepting sulfur and 1s useful
in itself as a nickel raw material.
(5) Formation and recovery of nickel carbonate

or nickel hydroxide

The second solution (filtrate 3) from which nickel has
bee; separated and recovered as nickel sulfide by passage
through the step (4) above, 1is first adjusted to a pH of
about 1.5 to 2.5 by the addition of slaked lime or calcium
carbonate for its reaction with free sulfuric acid remaining

in the solution to form and precipitate gypsum. The gypsum

that has precipitated is separated and removed in a

1 4
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conventional way.

The solution (filtrate 4) from which the gypsum has
been removed is adjusted to pH 8 to 10 or thereabouts by the
addition of sodium carbonate or caustic soda, so that the
nickel remaining in the solution is precipitated in the form
of nickel carbonate or nickel hydroxide, respectively. The
nickel carbonate or nickel hydroxide thus produced is
conventionally separated and recdvered. The nickel purity 1is

about 35 to 45 %. The solution after the nickel recovery 1s

drained off.

1 5
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Example 1

A copper electrolytic solution (30 m®) containing 45 g
copper per 1liter was treated by a known electrowinning
process, and 450 kg of electrolytic copper 1 with a purity of
99.9 $ and 606 kg of electrolytic copper I1I with a purity of

99 % were separated and recovered. The solution after the

electrolysis contained, all per liter, 10 g copper, 5 g
arsenic, 0.4 g antimony, 0.1 g bismuth, 15 g nickel, and 244 q
free sulfuric acid.

The electrolytic solution was divided into two portions:;
the solution I (2/9, namely 6.7 m®*) and the solution II (7/9,
namely 23.3 md ). 500 kg of industrial sodium hydrosulfide
containing about 25 % NaSH was added to the solution I to form
and precipitate sulfide I.. Next, 2050 kg of industrial sodium
hvdrosulfide was added at the rate of about 10 kg per minute
and allowed to react with sulfuric acid in the solution to
generate hydrogen sulfide gas. This hydrogen sulfide gas was

conducted to the solution II, and its contact reaction with
the solution formed and precipitated sulfide 11. The sulfide
II was filtered, separated, recovered, and dried in the usual
manner. The remaihing filtrate (i.e., the electrolytic
solution to be recycled) contained at most 0.1 g each of
copper, arsenic, antimony, and bismuth, meaning that it was
now clean.

The solution I after the generation of hydrogen sulfide
gas was, after removing a very small quantity of hydrogen
sulfide remaining in the solution, filtered to reco{rer
sulfide in the usual manner and next_was adjusted to pH 2 for

neutralization by the addition of 1280 kg calcium carbonate,

so that its reaction with remaining free sulfuric acid in the

1 6
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solution formed and precipitated gypsum. The precipitated
gypsum was separated and removed by the usual method. The
amount of gypsum when dried was 2210 kg. Following the removal
of the gypsum, the filtrate was neutralized to pH 9 by the
addition of 125 kg sodium carbonate. Remaining nickel in the
solution was thus precipitated in the form of  nickel
carbonate. Thereafter the nickel carbonate was conventionally
filtered, separated, recovered, and dried.

In the treatment procedure described above, the
quantities of the treating solution, the products in the
individual steps, and the solufion after treatment were as

shown in Table 1.

1T
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EXAMPLE 2

(1) Preliminary recovery of copper by electrowinning

A copper elect'rolytic solution (30 m®) containing 45 g
copper per liter was treated by a known electrowlinning
process, and 450 kg of electrolytic copper 1 having a
purity of 99.9 % and 606 kg of electrolytic copper 2 having a
purity of 99 % were separately recovered. The solution after
the electrolysis contained, all per liter, 10 g copper, 5 g
arsenic, 0.4 g antimony, 0.1 g bismuth, 15 g nickel, and 244 g
free sulfuric acid. -

(2) Removal of copper, arsenic, antimony, and bismuth

With the introduction of 225 m® hydrogen sulfide gas

into the electrolytic solution after the electrolysis, a

contact reaction was effected between the solution and the

gas to form and precipitate a sulfide 1. The precipitate was

separated and removed by a conventional filtration technique.

Sulfide 1 was substantially free from nickel. The resulting
filtrate was clean, with the copper, arsenic, antimony, and
bismuth concentrations of but 0.1 g or less each per liter.

(3) Division of the copper electrolytic solution

From the filtrate, a portion of 23.3 m® was separated
off as a purified solution (filtrate 1) for recycling to
electrorefining process.

(4) Generation and utilization of hydrogen sulfide gas

as well as Formation and recovery of nickel sulfide

To the remaining 6.7 m®* portion of the filtrate was

added 2470 kg of industrial sodium hydrosulfide containing

about 25 $ NaSH at the rate of about 10 kg per minute to react
free sulfuric acid remaining in the solution to generate

225m® hydrogen sulfide gas. The hydrogen sulfide <gas

1 O
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generated was passed to the step 2 and utilized to precipitate
copper, arsenic, antimony, and bismuth. This addition of
sodium hydrosulfide resulted the precipitation of a portion
of nickel in the solution as nickel sulfide. After removing
a very small quantity of hydrogen sulfide remaining 1in the
solution, the nickel sulfide was separated and recovered by
usual method. The nickel sulfide after drying was 80 kg.

(5) Formation and recovery of nickel carbonate or nickel

hydroxide

The solution (filtrate 3) from which the hydrogen
sulfide gas has been generated and recovered was first
adjusted to pH 2 by the addition of 1270 kg calcium carbonate
for its reaction with free sulfuric acid remaining 1in the
solution to form and precipitate gypsun. The gypsum that
precipitated was separated and removed in a conventional way.
The amount of gypsum upon drying was 2180 kg. Following the
removal of the gypsum, the solution (filtrate 4) was adjusted
to pH 9 for neutralization by the addition of 161 kg sodium
carbonate, so that the nickel remaining in the solution was
precipitated in the form of nickel carbonate. The nickel
carbonate thus formed - was conventionally separated by
filtration and recovered. The nickel carbonate when dried
amounted to 200 kg, and the purity of nickel was 40 %.

Throughout the treatment procedure described above, the
quantities of the treating solution, the products 1in the
individual steps, and the solution after treatment were as

shown in Table 2.

2 0
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Table 2

In

*
...................................................................................................................................................................................
- &

Electrolytic
solution

Out

.
00.000*0..0‘000o..o...o.o......tc..qaoooo.QQQ. FTY Y RT R L L L LR L & & pongrpeparerre YT ITIE RLIRATRE L L L L AL A A A Ay prpegrrar T ETT L E T XL LA AL b bbb et pupprpnpupeprapareesP Y Y L E T EE L L L A L L A Sl bt P FEFPAVTI VAV TA QAT RN SO SRS ANSS
- -

Electrolytic
copper 1

Electrolytic
copper 2

Sulfide 1

Sulfide 2

Nickel
carbonate

Electrolytic
solution
recycled¥*

* in units of m’ and g/l.
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A comparison between Tables 1 and 2 1indicates that

according to the method of Example 1 nickel mostly
precipitates as a sulfide together with copper, arsenic etc.,
leaving only a 1little proportion ot nickél for recovery as
nickel carbonate, while on the other hand in the method of
Example 2, by contrast, permits the recovery of nickel as
nickel sulfide and nickel <carbonate with an increased

quantity.

Example 3 (pretreatment with an ion exchange resin)

A copper electrolytic solution containing, all per
liter, 45 g copper, 5 g arsenic, 0.4 g antimony, 0.1 g
bismuth, 15 g nickel, and 190 g free sulfuric acid was
withdrawn and passed through an ion exchange resin (a product

of Miyoshi Resin Co. marketed under the trade designation
"EPOROUS MX-2") for partial adsorption of antimony and bismuth
from the solution. The solution after the passage through the
resin contained 45 g copper, 5 g arsenic, 0.1 g antimony,
0.05 g bismuth, 15 g nickel, and 190 g free sulfuric acid.
This solution was treated by electrowinning in the manner
described in the step (1) of Example 2. Thanks to the lowered
antimony and bismuth concentrations in the solution, 600 kg
of electrolytic copper with a purity of 99.9 % and 450 kg of

electrolytic copper with a purity of 99 % were obtained.

This invention has succeeded in establishing an
industrially feasible méthod useful as a purifying method of
a copper electrolytic solution being circulated 1n a copper
electrorefining system which takes the place of the

separation method of arsenic, antimony, and bismuth depending

2 2
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on electrowinning and evolving highly toxic arsine gas. Since
the high-priced hydrogen sulfide gas is produced 1in the sodium
hydrosulfide adding tank only in the necessary amount by
allowing to react 1ow+priced sodium hydrosulfide with
sul furic acid remaining in the solution and 1is directly
paséed to the reaction tank with easier handling, there
becomes no necessity for transporting and storing high-priced
hydrogen sulfide gas in large dquantity, and safe and
efficient operation can be carried out.. According to the
second flow, nickel may be efficiently recovered as nickel

sulfide and nickel carbonate.

2 3
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1) A method of purifying sulfuric acid-containing copper electrolytic solution
being circulated in a copper electro-refining system wherein a portion of the copper
clectrolytic solution 1s withdrawn from the system and is recycled to the system after
having been subjected to purification treatment for preventing the buildup of
impurities 1n the copper electrolytic solution comprising:

dividing the withdrawn copper electrolytic solution into a first and a second
portion;

adding sodium hydrosulfide to the first portion to precipitate and separate one
or more metals from a group comprising copper, arsenic, antimony, and bismuth in
the form of sulfides from the first portion;

further adding excess sodium hydrosulfide to the first portion for reaction with
residual sulfuric acid in the first portion to generate hydrogen sulfide gas;

contacting the second portion with the hydrogen sulfide gas thus produced to
precipitate and separate one or more metals from a group comprising copper, arsenic,
antimony, and bismuth in the form of sulfides from the second portion; and

recycling the filtrate from the second portion to an electrorefining system.

2) The method of claim 1 wherein alkali agent is added to the first portion to
which sodium hydrosulfide was added so that heavy metal impurities which could not

- have been removed to the full are separated and removed as neutralized precipitate.

3) The method of claim 1 or 2 wherein copper is recovered from the withdrawn
copper electrolytic solution by electrowinning prior to the dividing of the copper

electrolytic solution.

4) The method of claim 3 wherein the copper electrolytic solution is passed
through an 1on exchange resin to allow a portion of antimony and/or bismuth to
adsorb on the resin for separation prior to the recovery of copper from the withdrawn

copper electrolytic solution by electrowinning.

5) The method of claim 1 or 2 wherein the withdrawn copper electrolytic solution

24
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is heated to evaporate water and to precipitate and separate copper as copper sulfate

prior to the dividing of the copper electrolytic solution.

6) A method of purifying sulfuric acid-containing copper electrolytic solution
being circulated in a copper electro-refining system wherein a portion of the copper
electrolytic solution 1s withdrawn from the'system and 1s recycled to the system after
having been subjected to purification treatment for preventing the buildup of '
impurities in the copper electrolytic solution, the method comprising:

contacting the copper electrolytic solution with hydrogen sulfide gas to
separate and remove copper, arsenic, antimony, and bismuth in the form of sulfides
from the copper electrolytic solution; and .

then, dividing the copper electrolytic solution into a first and a second portion,
wherein the first portion is recycled to the electrorefining system, wherein excess
sodium hydrosulfide 1s added to the second portion to separate and recover nickel as
nickel sulfide from the second portion, while resulting hydrogen sulfide gas is utilized

for contact with the copper electrolytic solution to be treated.

7) The method of claim 6 wherein after the separation and recovery of nickel as
nickel sul.ﬁde by the addition of sodium hydrosulfide, slaked lime or calcium
carbonate 1s added to the copper electrolytic solution for reacti'on with sulfuric acid in
the solutiori to form gypsum and the gypsum is separated and removed from the
solution, and thereafter sddiurn carbonate or caustic soda is added to the solution to
separate and recover residual nickel as nickel carbonate or nickel hydroxide,

respectively, from the solution.

8) The method of claim 6 wherein a part of copper is separated and recovered
from the copper electrolytic solution by electrowinning or concentration under heating
- of the solution prior to the separation and removal of ¢0pper, arsenic, antimony, and
bismuth in the form of sulfides from the electrolytic solution through the contact of

the solution with hydrogen sulfide gas.
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FIG. 2
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