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[57] ABSTRACT

This disclosure is directed to leaching zinc sulfide concen-
trates to facilitate the production of zinc and sulphur. solution.
To provide for increased recovery the copper sulfate leach

The zinc sulfide is leached with a copper sulfate solution,
preferably under oxidizing conditions, to produce a copper
sulfide and a zinc sulfate solution. The elemental sulphur can
be obtained from the copper sulfide by a subsequent oxidizing
leach and the zinc metal can be obtained by electrolyzing the
zinc sulfate leach may be accomplished in a staging operation
to establish an excess of zinc sulfide concentrate in the initial
leach step.

8 Claims, 5 Drawing Figures
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1
'PROC‘ESS"FOR‘ELECTROWINNING‘ZINCFROM
SULFIDE CONCENTRATES

‘BACKGROUND

The production of zinc'metal from zinc sulfide conceritrates
by the conventional electrolytic zinc process involves the fol-
lowing major steps:

1. Roasting of the zinc sulfide concentrates with ir to zinc
oxide'and-a sulphur dioxide-containing gas.

-2.-Conversion of the sulphur dioxide in the gas to sulphuric

‘acid.

3.-Dissolution of the zinc-oxide in dilute sulphuric ‘acid to
form zinc sulfate. )

4.Purification of the zinc sitlfate solution, )

5.-Electrolysis of the zinc sulfate solution to produce zinc

‘metal with:the regeneration of sulphuric acid.
Maodifications of this process have been sought to:provide ele-
mental sulphur while maintaining-a high yield of zinc metal.
‘Many ‘theoretical chemical equations can ‘be drawn 1o illus-
trate ‘methods by which zinc ‘metal and ‘élemental ‘sulphur
could.be extracted from zinc sulfide. Foremost among these
are the uses of sulphuric acid, under oxidizing and non-oxidiz-
ing conditions, to leach-zinc sulfide ‘concentrates, However
these proposals ‘have:not proven to be entirely satisfactory,
“due-either to low leaching rates, the requirements of complex
process equipment-or unattractive cost factors.

Itis therefore an object of this invention to provide an-im-
proved method of leaching zinc sulfide ‘ores to recover values
therefrom. o

It is-another object of the present-inivention to provide an
improved ‘method for ‘the recovery of elemental sulphur and

‘zinc-metal -from zinc sulfide concentrates,
modification of the electrolytic zincprocess.

Other objects and advantages of the invention are set forth
in'conjunction with the following detailed description.

THEINVENTION

This invention is directed to the use of copper suifate as a
leaching agent for-zinc sulfide concentrates, preferably under
oxidizing -conditions; to ‘produce elerental sulphur. and zinc
metal.

The method of thisinvention includes first leaching the zinc
concentrate under pressure by an exchange reaction with
capper-sulfate solution to-give a zinc sulfate solution for elec-
trolysis .in .accordance - with -conventional methods and a
copper-sulfide precipitate. Recovery of elemental sulphur and
regeneration-of the copper sulfate solutioi is accomplished by
a ~second "pressure leach reaction ‘of the copper sulfide
precipitate with spent electrolyte- under oxidizing conditions.
In-this ‘process, the copper is precipitated as cuprous: sulfide
with ‘the.concurrent production of sulfuric acid. To alleviate
the difficulties in purification procedures caused by the sul-
furic.acid, the copper sulfate leach may-alternatively be car-
ried out:under oxidizing conditions. Furthermore, by 'staging
the.operation to-establish an-excess of zinc concentrate in the
initial copper sulfate leach, the-amount of acid production and
soluble sulfate formation can be minimized, with consequent
higher recovery of elemental sulphurat high zinc'extraction.

The-invention is described in’ grester detail in conjunction
with the following figures and working examples in which:

FIG. 1 is a process flow chait of the non-oxidizing copper
‘sulfateleach of zinc sulfide to'produce elemental sulphurand
zinc'metal.

FIG: 2is a process flow chait of the oxidizing copper sulfate
leach ‘of zinc sulfide to produce ¢elemental sulphur-and zinc
metal,

FIG. 3 is a graph of the production of acid sulphur (based
on total'sulphur) as a function of tifiie in'the process of FIG. 2.

FIG. 4 is a graph of the acid sulphur to zinc ratio as a func-
tionof time in the process of FIG. 2.

FIG. S is-a graph of the calculated zinc extractions as a func-
tion of tinte in the process of FIG. 2.
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In the process of FIG. 1 a zinc concentrate and copper
sulfate solution are fed into a pressure leaching vessel 1, The
zinc concertrate comprises ‘predominantly zinc sulfide with
minor amounts of other naturally occurring constituents, such
as iron sulfides. The copper sulfate solution is largely
regenerated in this jprocess as referred to in greater detail
below. '

The mole ratio of ‘copper to zinc feed to vessel 1 is from
about 1:1 to 2:1, greater amounts of copper may also-be used.
The preferred ratio of copper to zinc is about 1.5:1.

The temperature in the vessel is from about to 300° to
550°F., preferably 400° to 450°F. The vessel itself is a corro-
sion resistant vessel, having external temperature control
means and an internal stirrer (neither shown). The reaction is
carried out continuously with a normal residence time of from
about 1 to 7 hours.

The reaction product, which includes a copper sulfide and
zinc sulfate solution is withdrawn from the vessel 1 and passed
through filtration means 2. The filtration means is a conven-
tional unit for the continuous separation of a liquid-solid slur-
ry. The impure zinc sulfate soliition is sent to a conventional
electrolytic zinc process plant starting with the purification
procedure. The electrolytic zinc process is well known and

described in numerous texts, for example, “Zinc - The Science

and Technology of the Metal, Its Alloys and Compounds”, C.

‘H. Mathewson, ed., pp- 174-225 (1959) and by Allen C.

Jephson et al. in Journal of Metals (18, 947-956 (Aug.,
1966)). In unit 3 the solution is purified, clarified, and elec-
trolyzed toproduce cathode zinc. The cathode zinc is smelted
and cast into slabs which are stored as slab zinc in ware house
4 for shipment. Precipitates are kept separated in storage
means 5. The spent electrolyte or acid from the electrolysis is
sent to the pressure oxidation unit 6. Air, and the precipitate
from filtration means 2, which is largely a copper sulfide, are
concurrently fed to the pressure oxidation unit. This unit may
be similar in structure to vessel 1. The reaction products from
the means 6 are sulphur and a mixture of sulfates, predomi-
nantly copper sulfate with some zinc sulfate formed from zinc
sulfide. The sulfates are recycled to the pressure leaching ves-
sel 1. The sulphur is purified and recovered in a conventional
flotation means 7. v

In'this process copper sulfate solution was found tobeanef-
fective agent for leaching zinc sulfide concentrate. Experi-
ments set forth below established that a temperature of 400°F
gave satisfactory zinc leaching rates. At this temperature, zinc
extractions of about 80 percent after 4 hours were obtained
when using 1.5 moles of copper in the leach liquor for every
mole of zinc in the concentrate. At 450°F, an extraction of 85
percent was obtained under the same conditions. The
presence of zinc sulfate in the leach solution did not affect the
reaction rate.

It was found that copper precipitates principally as cuprous
sulfide (Cu,S), and not as cupric sulfide (CuS). Ther-
modynamic calculations also predict that cuprous sulfide is
the stable form. The precipitation of Cu,$ is accompanied by
the formation of appreciable amounts of sulfuric acid, which,
however, is detrimental to maximum sulphur recovery. The
following process minimizes this problem of acid formation.

FIG. 2 illustrates a preferred embodiment in which air or
oxygen is fed to the pressure leach vessel 8 in addition to the
zine concentrate and copper sulfate. The oxygen partial pres-
sure may be from about 5 to 150 psig, preferably from 10 to
50 psig. The reaction mixture is filtered in means 9 and the
solution theréfrom is purified in mearis 10 with lime and zinc
dust in accordance with conventioial procedures. The purifi-
cation precipitates are stored in 11. The purified solution is
electrolyzed in means 12, from which zinc metal is sent to
storage 13. The spent electrolyte, air, or oxygen, and the solids
from the filtration means 9, are reacted in vessel 14. The pres-
sure oxidation in 14 yields the regenerated sulfate solutions
which are recycled into the pressure leach vessel 8. The
residue from the pressure oxidation includes sulphur which is
purified in flotation unit 15 and zinc sulfide which is separated
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in flotation unit 16. The zinc sulfide is returned to the pressure
leach vessel 8.

The above processes are illustrated further by the following
examples.

EXPERIMENTAL PROCEDURE -
NON-OXIDIZING CONDITIONS

The conditions under which copper sulfate solutions can be
used effectively for the leaching of zinc sulfide concentrate
are shown in the following experiments.

These experiments were conducted in a Pyrex vessel con-
tained within a 5-gallon autoclave and equipped with electri-
cal resistance heating and a cooling coil for automatic tem-
perature control. A glass or tantalum stirrer was used, the
latter being more suitable for higher pulp densities.

The zinc concentrate used in the experiments was analyzed
as follows:

10

15

Zn 54.3%

Cu 0.73% 20
Fe 8.2%
S 32.1%

The copper in the concentrate was present as chalcopyrite
(CuFeS,). The major part of the iron was found in a solid solu-
tion with zinc sulfide.

The main variables in these experiments were temperature,
copper content of leach solutions, and the presence of zinc in
the leach liquor.

EXAMPLES 1-6

The effect of temperature on the reaction of zinc sulfide
with copper sulfate is shown in Examples 1-6. In all runs, 50 g
of zinc concentrate was leached with 500 ml aqueous copper
sulfate solution of indicated strength at various temperatures.
The results of these experiments are listed in Table I.

35

TABLE I
Mol ratio Mol ratio,

of Cuto Zndis- Cu precip- Cu precipi-
Ex. Time, Temp., Znin solved, tated, tated:zn 40
No. hr. °F charge percent percent dissolved
) R 1 200 1.35 (=) .
2. 4 200 1.00 (s) A
3. 2 200 0. 50 (=) 3
4 ... 1 300 1.51 26,2 5 .68,
5. 5 300 110 42,6 64,0 1.64 45
6_.... 1 400 1.25 63.2 93.5 1.84

a Zing contents of solutions were not determined because almost no
copper had precipitated. ’

The results indicate that a minimum temperature of 300°F is
required and that 400°F is preferable to achieve acceptable
zinc extractions in a reasonable time. The upper temperature
limits are in part dictated by the equipment and economies. A
suitable temperature range is from about 300°F to about
550°F.

The results indicate that more copper is consumed than
necessary for the stoichiometric formation of CuS. For the
formation of Cu,S, the molar ratio of Cu precipitated to Zn
dissolved is 1.6. The iron incorporated in the ZnS lattice will
react similar to zinc. Some of the iron in the concentrate is
combined with copper in chalcopyrite, CuFeS,. This mineral

50
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60
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cent of the concentrate, is then incorporated in the sphalerite
lattice. For every mole of zinc we therefore have 7.56/54.3 -
65.4/55.85 = 0.163 moles of iron, reacting similarly. Every
mole of zinc requires then 1.163 X 1.6=1.86]1 moles of
copper. The copper precipitate of the leach conducted at
400°F (Table I, No. 6) should therefore not contain CuS. The
same conclusion was arrived at from thermodynamic con-
siderations. Examination of polished sections of residues from
other leaches carried out at 400°F confirmed the absence of
CuS.
EXAMPLES 7-15

In a series of leaches at 400°F, the effects of time and initial
copper to zinc ratio are shown. Again 50 g of zinc concentrate
was leached with 500 ml copper sulfate solution in most ex-
periments; exceptions are clearly identified in Table II which
indicates the results.

TABLE II
Mol ratio Mol ratio of
of Cuto Zn dis- Cu precip-  Cu precipi-
Time, Zn in solved, itated, tated toZn
hr charge percent percent dissolved
1 1.25 63.2 95. 5 1.84
2 1. 51 73.1 88.8 1.85
3 1.51 77.5 96.1 1.86
4 1.51 79.3 99.2 1.87
4 1.25 77.8 100.0 1.60
4 1.38 75.6 100.0 1.83
4 2.0 81.7 76.0 1.87
4 1.25 7.5 100.0 .74
4 2.0 82.3 76.0 1.85

a2 5.3 grams H2804 added.

b 155 grams Zn-concentrate used.

Generally copper to zinc ratios of about 1.85 were obtained,
indicating precipitation of Cu,S. Exceptions are No. 11 and
No. 14. In these examples the solution assays were confirmed
by zinc assays of the residues. In both cases copper was
completely precipitated. It is possible that under these condi-
tions small quantities of CuS have been formed.

Comparison of Nos. 13 and 15 shows no effect of increased
pulp density. This was to be expected because the concentra-
tion of copper ions per unit surface area was not changed in
these experiments by increasing the pulp density.

EXAMPLES 16-19

Actual process liquors contain zinc sulfate carried over
from spent electrolyte through the pressure oxidation (see
FIG. 1). Some experiments were conducted which illustrated
that this initial zinc content of the leach solution does not have
any effect on the extraction. In addition, a pulp density was
chosen to produce pregnant solutions suitable for normal zinc
electrolysis practice. Previous examples had illustrated that a
change in pulp density does not affect the rate of extraction.

In the earlier experiments at 400°F, a molar ratio of copper
in solution to zinc in concentrate of 1.51 was used most
frequently. For reason of comparison, the same ratio was used
in these experiments, while zinc sulfate was added to the leach
solutions.

The data pertaining to these experiments are listed in Table

TABLE III

Run No

Solid charge.-..
Leach solution

Temporature,
Zn extraction, per
Fo extraction, percent - .-
Cuin pregmnt liquor, g.pd . ... .
Molar ratio Cu precipitated to Zn dissolved.___.....

1L
These experiments show that the presence of zinc in the
18 19
100g. Zncone. ..o Residue from No. 18.
from No. I

Pregnant liquor b
1. .

7..- 4Synthctic. o

a 500 ml. liquor containing 163 g.p.l. Cu and 57 g.p.l. Zn.
b 497 ml. liquor containing 7.87 g.p.l. Cu and 149.0 g.p.l. Zn.

does not react with copper sulfate, and polished sections of
residue do not show a sign of attack. Since the concentrate
contains 0.73 percent Cu, the amount of iron combined with it 75
in CuFeS; is 0.64 percent. The balance of the iron, 7.56 per-

leach solution has no noticeable effect on the extraction. An
extraction of 79.4 percent was obtained in experiment No. 16
which compares with 79.3 percent for run No. 10 in Table Ii,
where no zinc was present in the initial leach solution.
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‘One.experiment (No. 17) was conducted at 450°F. An ex-
traction of 85.0.percent was obtained compared to 79.4 per-
cent under the same conditions at 400°F.

Toobtain good zinc extractions at a reasonable rate, an ex-
«cess of .copper in the leach solution is desirable. In experi-
:ments:No. 17, No. 18 and No. 19, it was shown that excess
«copper could be recovered in aleach in two stages. The excess
copper inleach solution No. 17 was fully utilized in a1-hour
leach with fresh zinc concentrate. As pointed out below, Cu$
is likely to be formed under these conditions. This is con-
firmed by the copper to zinc ratio obtained in experiment No.
18. If then all the copper from the pregnant solution of run
No. 17 is:precipitated.as Cu$, an equal amount of copper will
be required in'run No. 19 to convert CusS, without dissolving
any zinc. This accounts for the higher copper to zinc ratio ob-
tainedin'run No. 19.

In the use of copper sulfate solutions for the leaching of zinc
sulfide concentrate, the following: reaction may occur to
produce cupric sulfide.

Cu**+ZnS -~ CuSi+Zn++ L.
Alternatively the precipitation: of cuprous sulfide can take
place according to:

8Cu** + 5ZnS + 4H,0 ~ 4Cu,S i+ 5Zn* + S0, =-+8H* 3,

Measurements of the pH of leach liquors showed values
generally below 0.7 and pH values of 0.2 were common. This
indicated that the reaction (2) takes place to a considerable
extent. Under these conditions the following reaction
becomes important.

8O,=+H*- HSO,. 3.
Calculations show that at pH<1, HSO,~ dominates strongly
over SO, + .
" The second reaction then should actually be written:
8Cu™ +5ZnS + 4H,0 + 380, = - 4Cu,S + 5Zn** +
4HSO,~ + 4H*, 2",

The relative importance of reactions (1) and (2') is shown
by the following reaction;

8CuS +3Zn** + 4H,04 350,= ~ 4Cu,S + 4HSO, +

4H* + 3ZnS 4.
AF° 400 =~13,090 cal/mole formula, and

(HSO~)4(H*)s 5

These values show that at pH below about 0.5, CusS is stable
relative to Cu,S provided ZnS is present. During the copper
sulfate leach, Cu,S will first be precipitated on the ZnS parti-
cles: By the time the acidity of the solution is such that CuS
could be formed, all Zn$ particles will be covered with Cu,S.
This.inhibits the formation of CuS according to equation (1).

Therefore, when the leaching operation is carried out in two
stages, where in the second stage fresh zinc concentrate is
contacted. with pregnant liquor containing excess copper
sulfate, the CuS would be formed.

EXAMPLE 20

The cuprous: sulfide formed in the pressure leach can be
leached: with. acid under oxygen pressure to yield elemental
sulphur.. In: Canadian Pat. No. 712,989 granted to Sherritt
Gordon:Mines Limited, and.incorporated herein by reference,
aprocess.is described based on the reaction;

Cu,5:+ 2H,50,+ O, ~ 2CuSO, + 2H,0 +§ 5.

-Although: this. equation' adequately described the overall
reaction; calculations of the thermodynamics of the system in-
dicate:that:Cus has to be formed as an intermediate product.

In:Example.20:a 100 g sample of copper sulfide precipitate
(residue: run: No. 16; Table III): was leached with simulated
spent:electrolyte-under. 250: psig:air at 225°F for 2 hours. A
residueof:74.1 g was obtained containing a trace of elemental
sulphur. A: polished section' of the residue revealed: that the
originali cuprous sulfide was almost completely converted to
cupric sulfide: In-this stage of the oxidation process no ele-
mentalsulphur can be formed.
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In a continuation of this experiment, 42.8 g of the first-
treated residue was mixed with 52.2 g fresh chalcocite (Cu,S)
and leached under the same conditions. A residue of 62.0¢g
was obtained with 4.83 percent elemental sulphur.

This experiment shows that the oxidation of cuprous sulfide
takes place in two steps. In the first step, cuprous sulfide
decomposes into cupric sulfide and copper ions. The forma-
tion of elemental sulphur from cupric sulfide takes place only
after virtually complete conversion of Cu,S.

As noted in Canadian Pat. No. 712,989 about 1 mole of
sulphuric acid may be used for each mole of copper. The ox-
ygen pressure is from about 5 to about 100 psig, and the tem-
perature from about 175°F to 225°F. The Cu,S is selectively
oxidized at a rapid rate until about 95 percent of the copper is
extracted and the sulphur bound to it is converted to elemen-
tal sulphur. Present results indicate that about 80 percent of
the sulphur from decomposed cupric sulfide reports as ele-
mental sulphur.

The copper sulfate formed in this leaching step is recycled
to react with further zinc sulfide. The zinc sulfate which is
formed is similarly recycled and as noted above has a negligi-
ble effect in the first leach step in 1, from which it passes to the
electrolysis unit.

The results obtained in Examples 1-19 by leaching zinc
concentrate with copper sulfate solutions were generally
much better than the results obtained by leaching with sulfuric
acid. Extractions of about 80 percent were obtained after 4
hours at 400°F with a copper sulfate deficiency. A slight ex-
cess of copper resulted in about 82 percent extraction. An ex-
traction of 85 percent was achieved in a 4-hour leach at450°F
in spite of the copper deficiency. Thus extractions of about 80
percent are readily obtained under proper conditions. Above
this point, the rate of extraction decreases because of the
smaller surface area available for reaction.

Several alternatives are available to enhance the dissolution
of zinc. One is to physically separate and regrind the coarse
fraction prior to leaching, Alternatively, the unreacted zinc
sulfide particles may be left behind in the residue and
recovered during subsequent treatment of the residue. In the
¢opper sulfate regenerating step (pressure oxidation, FIG. 1),
the copper sulfide layer will be removed from the zinc sulfide
particles. By selectively removing the unreacted zinc sulfide
from the final residue by flotation, the zinc sulfide can be recy-
cled, to result in high zinc recoveries. An additional advantage
of this method is a beneficial effect on the sulphur recovery.
The presence of zinc sulfide in the leach residue would result
in milder oxidizing conditions towards the end of the copper
sulfate regenerating step. This inhibits the formation of sul-
furic acid and this improves the yield of elemental sulphur,
Thus the presence of unleached zinc sulfide in the leach
residue does not conistitute a drawback for the overall process.
This alterniative is depicted in FIG. 2, but of course could also
be employed in the method of FIG. 1.

A disadvantageous factor in the process of FIG. 1 is in-
herent formation of sulfuric acid which was noted to occur
during the precipitation of cuprous sulfide. Because conven-
tional procedures for purification of the pregnant solution
prior to electrolysis require essentially neutral conditions, the
use of a neutralizing agent might be required. A practical solu-
tion is a change in the leaching procedure to ensure produc-
tion' of CuS rather than Cu,S, as illustrated in FIG, 2. The
parameters for this process are illustrated in the following
sequence of examples.

Zinc concentrate was leached with copper sulfate solutions
at temperatures ranging from 300° to 450°F. under oxygen
pressures from 20 to 100 psig, Copper precipitated initially as
cuprous sulfide and leach solutions contained considerable
quantities of acid. Immediately after precipitation of cuprous
sulfide, an oxidation reaction converted cuprous sulfide to
cupric sulfide under consumption of acid. This second reac-
tion was strongly promoted by high oxygen pressures while the
first reaction was promoted by high temperatures. Leach solu-
tions obtained at 400°F. and 20 psig oxygen contained about
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20 percent of the sulphur in solution as acid after 4 hours.
Solutions from experiments at 300° F. and 100 psig oxygen
were essentially free of acid at any time.

With time cupric sulfide dissolved, especially under high ox-
ygen pressures. Because of this reaction, from 33 to 65 per-
cent of the sulphur in the zinc concentrate was solubilized.
The results indicate the advantages of a staging operation to
combine high zinc extraction with low sulphur dissolution and
an essentially acid free solution. Thus with a low zinc extrac-
tion, obtained by using an excess of zinc concentrate, the
resulting leach solution is well suited for solution purification
prior to zinc electrolysis. Elemental sulphur is produced from
cupric sulfide in the residue, iron is rejected and excess zinc
concentrate is recycled. This process provides for higher zinc
recoveries than possible in the conventional roasting-electrol-
ysis process and is suitable for treating middlings and other
copper-zinc sulfide products.

EXPERIMENTAL PROCEDURE
OXIDIZING PROCEDURES

The zinc concentrate used in the following examples was
analyzed with the following results: Zn - 51.2 percent; Cu -
0.96 percent; Fe - 8.3 percent; and S - 32.0 percent.

The experiments were performed in an Autoclave En-
gineers 5-gallon autoclave that was modified by placing a tan-
talum reaction vessel within a steel sleeve holder. The space
between the steel sleeve holder and the autoclave wall was
filled with water. A cooling coil was immersed in the water.
This arrangement made it possible to cool the reaction mix-
ture rapidly after termination of an experiment without expos-
ing to coil to the corrosive leach liquors. The autoclave was
heated to the desired reaction temperature by electric re-
sistance heating; constant temperature was maintained by au-
tomatic control. During the experiments the slurry was
vigorously agitated by a tantalum stirrer. Pressurized air was
introduced into the solution through stainless steel tubing with
its opening approximately 2 inches above the stirrer blades.
Pressure was maintained at the desired level by a pressure
regulator on the air cylinder. To avoid oxygen depletion dur-
ing the reaction, gas was constantly removed from the au-
toclave at a rate of approximately 1.25 liters per minute (at-
mospheric pressure and room temperature). In each experi-
ment the solid charge consisted of 200 grams of zinc concen-
trate which would require about 15 liters of oxygen to react
completely according to Reaction (1). Consequently suffi-
cient oxygen for complete reaction was provided every hour.

Slurry samples were taken at regular intervals. For this pur-
pose a valve in the air supply line was closed momentarily and
a second valve between the first one and the autoclave was
opened to the atmosphere. The pressure in the autoclave
forced a slurry sample up through the air inlet tube into a
graduated glass cylinder. In most experiments two samples of
100 ml volume each were removed during a run.

EXAMPLES 21-26

A series of six leaching experiments was performed in which
the temperature was either 300°F, 350°F, or 400°F, and the
partial pressure of oxygen above the solution was 50 psig or
100 psig as indicated below. In all experiments, 200 grams of
zinc concentrate was leached with one liter of solution con-
taining 95.5 grams copper as cupric sulfate. The amount of
copper present in the leach solutions was 105 percent of the
amount required to dissolve all of the zinc and the iron as-
sociated with it in the zinc lattice as calculated from the reac-
tion:

5ZnS +4Cu** + 20, — 5Zn*t+4CuS+ SO, 6.
and the analogous reaction for dissolution of iron.

The first experiment was terminated after 3 hours. The five
other experiments each lasted 6 hours and slurries were sam-
pled after | hour and after 3 hours.

Solution samples were analyzed for Zn, Cu, Fe, and S.

—
(9]

20

25
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After the experiments were terminated, the slurries were fil-
tered, the residues washed and dried and the filtrates com-
bined with washings made up to 2 liters. Solutions and
residues were both analyzed for Zn, Cu, Fe, and S. The results
of these experiments are presented in Table IV,

TABLE 1V

200 grams of concentrate, 1 liter solution, 6 hours except No. 1
Experiment No....._.. .- 2 22 23 24 25 26
Temperature, F.._._.__._.... 300 300 350 400 300 350
Oxygen partial pressure,

........................ 100 100 100 100 50 50
Solution after 1 hr., g.p.).

Z 27,1 30.5 16.2 27.6

41,7 140 &7.5 35.7

174 3.26 2.24 2.38

40.7 40.3 39.8 39.7

42,8 46.4 521 45.5

32.8 20.8 416 28.6

.65 174 1.91 2.52

45.4 45.6 524 45,9

350 41.4 39.7 33.8

20,1 27.7 1.5 17.8

2,24 1.58 3. 15 3.88

) 38.4 32.2 40.9 30.8

Final residue weight, g___. 156.0 08.7 132.7 109.3 137 8 150.0
Reslduo analysis, percent:

33.8 17.2 1.1 18,8 153 20.3

21.0 20,0 36.0 36.8 39.3 37.7

7.60 11.0 9.29 12.6 7.52 7.69

S 30.1 259 27.1 241 290 28.4

Zine extraction, percent.__... 49.5 83.8 75.1 76.5 80.3 711

_(») Based on 2 liters solution.  N.8.=no sample.
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Observation of solution samples and residue weights in-
dicated that the best elimination of copper had been achieved
within the first 3 hours of Run No. 24, at 400°F, and that some
benefit could be expected from lower oxygen pressures. Ac-
cordingly further experiments were conducted at relatively
high temperatures and low partial pressures of oxygen. The
leaching time was reduced to 4 hours and the solution was
sampled after 1 and after 2 hours. The results are discussed in
further detail below.

EXAMPLES 27-30

Three experiments were performed at 400°F and 20 psig ox-
ygen, and one at 450°F, and 20 psig oxygen. In all experiments
200 grams of zinc concentrate was used. Initial solution
volume was one liter in three experiments, and 400 ml in the
other run.

Results of these experiments are shown in Table V. Zinc ex-
tractions for all experiments were based on the distribution of
zinc between solutions and final residue.

TABLE V

200 grams concentrate, 20 p.s.d.gz. oxygen, 4 hours, 1 liter solution
except as noted

Experiment No........__..._.._.._ . ... 27 28 29 30

Temperature, Fo___..________ ... ___ 400 450 400 400
First sample® solution, g.p.l.:

Zn, 41.4 N.S.

11.7 N.8.

6. 86 N.S.

45.5 N.8.

45.6 N.S.

4.03 N.S.

7.74 N.8.

42,3 N.8.

32.3 40,7

9,58 20,2

2.49 6. 94

28.5 38.6

163.2 1240

17.2 18. 6

46.4 47,4

6. 36 3.37

20. 2 27.6

7L6 77.9

« 400 ml. solutioun.

b After 1 hour for Runs 7 and &; after 15 hour for Run No. 9.
o After 2 hours for Run No. 7; after 134 hours for Run No, 9.
 Based on distribution of zine hetween solids and solutions.
N.S.=no sample.
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Maost leach solutions contained acid, evidence of formation
of cuprous sulfide. This was also confirmed by sulphur defi-
ciencies in the residues if all the copper was assumed to be
present as cupric sulfide. The amount of sulphur as acid in-

10

been formed by Reactions (2) and (7). Hence, the increase of
sulphur in leach solutions was initially determined by the
stoichiometry of Reaction (2). Because iron reacted propor-
tionally to zinc, the increase in sulphur under these conditions

creased with increasing temperature, and ranged from about 3 5 was directly proportional to the amount of zinc dissolved. In
percent at 300°F to abotlt 20 percent of the total amount of 4] experiments the amount of copper in solution had
sulphur in solution at 400°F. ) . ) decreased sharply by the time the first sample was taken. Thus
Th‘? most _predommant reactions tal.cl_ng place dunr_)g Reaction (9) did not occur to any measurable extent in the
1';?:!""8 tqéazt!gc cg?:entrate under conditions employed in 10 first hour. On this basis minimum values for the solution
18 Investigation were: volumes at the time of first sampling were calculated.
5Z2n$ I(?C;“ ;‘HiH_fg ('; i Zzg -S*-J4C22CS Lt 8}1;_1""0804 =2 Similarly maximum values were calculated assuming Reaction
57 Suz+ IC o 02 ~57 u+ A j 4 Cu S l-i.i- S 02 _ 7. (9) did proceed at a constant rate throughout the entire run.
n (?uS P 02 . C:+ + 450 l:'__ 4 8- The zinc extraction curves are shown in FIG. 5. It appeared
In addition iron sulfide lzeached entirel 4an‘:ilo ous to Reacg-. 15 that Reaction (9) could indeegi be neglected for the first hour
tion (4) Y g of each experiment. Approximate zinc extractions at sub-
; -+ o SEat+ " - sequent sampling times, were calculated by assuming Reac-
SFeS +8Cu™ +4H,0 51‘;% +4Cu, 81+ 8H +50,=. tion (9) to proceed at a constant rate.
Part of the dissolved iron subsequently precipitated according It has be_en shown that by proper choice of leaching condi-
to one or more of the following reactions: 20 tions, cupric sulfide can be obtained as the condensed reac-
4Fe** + 0, + 10H,0 — 4Fe(0i—l) I+ 8H* " tion product without formation of appreciable quantities of
AFe*A?+ O, + 450, = + 2H,0 — 43Fe(OH)SO \ 1o  acid. To achieve adequate zinc extractions however it was
4Fe*A? + 4H* + o, +46SO4 P 2Fey(SO,); + 2;-120. 13, hecessary to prolong the reaction time which caused redis-
In view of the small quantities involved any acid formation solution of cupric sulfide. This is equivalent to lo_ss of sglphur
due to precipitation of iron would be negligible. The presence 25 from‘ the concentrate. It was observed tl!at redlssolut{on of
of acid in the leach solutions is thus attributed to a  cupric sulfide only occurred after a considerable portion of
predominance of the acid forming Reaction (2) over the acid ~ 2inc had been dissolved. Thus by providing sufficient zinc sul-
consuming Reaction (7). fide area, i.e., by using sufficient excess zinc concentrate, the
The amount of sulphur found in final leach solutions in- 30 tendency of redissolution of cupric sulfide would be
dicated that Reaction (9), dissolution of cupric sulfide, took minimized. The molar ratio of Zn to Cu should be greater than
place. If Reaction (2), and (7), only take place, only 16 to 20 1:1 and pre.ferably from 1.2:1 to _1-5?1 andupto 2:1.
percent of the sulphur in zinc concentrate should have been Alternatively when lower ratios of Zn to Cu are used, as
dissolved during leaching. However, 33 to 65 percent was ac- from 1:1 to 1:2, the reaction should be carried to about 40 to
tually dissolved. , ' 35 80 percent conversion, preferably from 50 to 60 percent con-
Table VIshows the dissolution of sulphur from zinc concen- version, based upon the extraction of Zn from the ZnS. The
trate for the various experiments. Also shown are the percent- pregnant solution of such a leaching operation is essentially
ages of sulphur converted to acid. o ____ free of copper and acid, and suitable for solution purification
TABLE IV
Actual 8

Zinc - Theoretical » dissolution, 8 conversion

Oxygen extrac- S dissolution, percentof S to acid, percent

Temp.,  pressure, tion, percent of 8in in con- of total 8 in

Expt. No. F. p.s.i. percent . concentrate cenfrate solution

300 100 83.8 19.3 60.9 2.6

360 100 75.1 17.3 43.8 9.2

400 100 76.5 17.6 62.6 13.1

300 5 80.3 18.5 40.4 3.6

350 50 71.1 16.4 35.3 8.8

400 20 72.4 16.6 33.0 20.2

450 20 86.5 199 64.6 16.7

400 20 71.6 16.5 33.1 19.9

400 20 77.9 17.9 475 6.5

» Assuming no redissolution of CuS.

b 200 grams zine concentrate in 400 ml. solution; all others 200 grams zine concentrate

in one liter solution.

It can be seen that up to 400°F, dissolution of sulphur was
largely controlled by oxygen pressure. Best sulphur retentions
were obtained at 400°F and 20 psig oxygen pressure. The ex-
periments. at higher oxygen pressures indicate a minimum
sulphur extraction at 350°F. Thus sulphur extraction would
‘have been lower at 350°F. and 20 psig than at 400°F and 20
psig oxygen. Zinc extraction, however, was relatively low in
both experiments at 350°F, and quite large quantities of acid
were formed. In FIG. 3, acid formation is shown as a function
of time for all experiments where samples were taken. In all
cases the amount of acid formed was at a maximum at a time
prior to termination of the experiment. This indicates. that
Cu,S was the primary copper precipitate and that CuS was
formed by subsequent oxidation. FIG. 4 shows the ratio of
acid sulphur versus zinc as a function of time. The general
similarity of the corresponding curves in FIG. 3 and 4, in-
dicates that the decline in acid content of the solutions was
caused by the acid consumirig Reaction (7) and not by an in-
crease in total sulphur content according to Reaction (9). The
data presented in Table VI show, however, that Reaction (9)
did occur. Reaction (9) can only take place after CuS has
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prior to zinc electrolysis. The leach residue, containing cupric
-sulfide, oxidized iron and excess concentrate can be leached

with return acid under conditions conducive to the formation
of elemental sulphur. The resulting solution is suitable for
leaching additional zinc concentrate. The solids can be
separated by physical methods e.g., flotation, into three frac-
tions; elemental sulphur, zinc concentrate, and iron reject.
Zinc concentrate is of course returned to the copper sulfate
leach. This shows the importance of excess of zinc concen-
trate in the initial stage to avoid dissolution of cupric sulfide.
The use of excess concentrate in the first stage of the process
is therefore considered a preferred method of operation.

This process, outlined in FIG. 2, provides higher zinc ex-
tractions than possible with the conventional roasting-elec-
trolysis process, because the roasting step with its inherent for-
mation of insoluble zinc ferrites is eliminated. The process can
also be integrated with a conventional installation for treat-
ment of middling fractions from the flotation circuit. Another
application is the treatment of bulk flotation concentrates or
treatment of concentrates from ores that cannot be effectively
separated by selective flotation.
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This invention has been described in terms of specific em-
bodiments set forth in detail. Alternative embodiments will be
apparent to those skilled in the art in view of this disclosure,
and accordingly such modifications are to be contemplated
within the spirit of the invention as disclosed and claimed
herein.

We claim:

1. The process which comprises mixing zinc sulfide ore and
a copper sulfate solution at an elevated temperature and pres-
sure to form a copper sulfide and a zinc sulfate solution,

separating said copper sulfide from said zinc sulfate solution,

purifying said zinc sulfate solution, electrolyzing said zinc
sulfate solution to form metallic zinc and sulfuric acid, mixing
said copper sulfide with oxygen and said sulfuric acid at
elevated temperatures and pressures to form copper sulfate
solution and sulphur, separating said copper sulfate solution
therefrom and mixing therewith fresh zinc sulfide ore to re-
peat said process.

2. The process of claim 1 wherein the mole ratio of zinc to
copper is from 2:1 to 1:2.

3. The process of claim 1 wherein the mole ratio of zinc to
copper is 1:1 to 1:2 and the conversion of zinc sulfide to zinc
sulfate is from 40 to 80 percent.

4. The process which comprises mixing zinc sulfide ore and
copper sulfate solution and an oxygen containing gas in a first
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pressure leaching vessel, discharging the reaction mixture to a
filtering means, withdrawing the pregnant solution from the
filtering means and treating said pregnant solution in a purifi-
cation and electrolysis means to produce zinc metal and a
spent sulfuric acid electrolyte, charging said sulfuric acid, air
and the solids from said filtering means to a second pressure
leaching vessel, regenerating copper sulfate solution in said
second leaching vessel, recycling said copper sulfate solution
to said first pressure leaching vessel, discharging the residue
from said second leaching vessel to a sulphur flotation means,
withdrawing sulphur from said flotation means, withdrawing
unreacted zinc sulfide from said flotation means and recycling
said zinc sulfide to said first pressure leaching vessel.

S. The process of claim 1 in which the amount of oxygen in
said first leaching vessel is about 20 to 100 psig.

6. The process of claim 1 wherein the ratio of zinc sulfide to
copper sulfate in said first pressure leaching vessel is in excess
of the molar quantities needed for reaction.

7. The process of claim 1 wherein the ratio of Zn to Cu in
said first pressure leaching vessel is 1:1 to 1:2 and the conver-
sion of zinc sulfide to zinc sulfate therein is from 40 to 80 per-
cent.

8. The process of claim 7 wherein the charge to said second
leaching vessel is unreacted zinc sulfide, a copper sulfide, and
about 1 mole of sulfuric acid per mole of copper.

LI . 2 T
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