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Study on Selective Leaching of Copper
and Simultaneous Precipitation of Iron in Polymetallic
Complex Chalcopyrite by Hydrothermal Leaching
Under Oxygen Pressure

JIAJUN XI, GUANGXIONG JI, YALONG LIAO, QINGFENG LIU, and YUE WU

Due to the increasing complexity and dilution of copper resources, a large number of refractory
polymetallic complex chalcopyrite are produced. In this study for resolving puzzle in oxygen
pressure acid leaching of polymetallic complex chalcopyrite, such as prone to produce
dangerous solid wastes like lead jarosite and high iron content in leaching solution, the
technology of hydrothermal leaching under oxygen pressure without acid is proposed to extract
copper efficiently and selectively and to precipitate iron by hematite process simultaneously. The
results show that under the experimental conditions of initial sulfuric acid concentration of 0 g/
L, reaction temperature of 200 �C, oxygen partial pressure of 1.2 MPa, liquid–solid ratio of
10 mL/g, sodium lignosulfonate addition of 0.5 pct mass of raw material, leaching time of 120
minutes, and stirring speed of 400 r/min, copper leaching rate can reach 99.86 pct. At this time,
the iron content of leaching solution is only 4.3 g/L; Chalcopyrite (CuFeS2), porphyrite
(Cu5FeS4), pyrite (FeS2), galena (PbS), and other mineral phases can completely react in the
system to form corresponding metal sulfate, and Fe3+ is converted to hematite by directed
hydrolysis, thus inhibiting the generation of dangerous solid waste such as lead jarosite.
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I. INTRODUCTION

WORLDWIDE demand for copper is increasing
rapidly and will continue until 2050.[1,2] Copper mineral
resources consist mainly of sulfide minerals, among
which chalcopyrite (CuFeS2) is the sulfide form mineral
with the widest distribution and largest reserves,[3]

accounting for about 70 pct of the total copper
resources.[4,5] However, with the production and con-
sumption of mineral resources, the grade of copper ore
is falling now, and its composition is more complex,
which has paragenetic or associated relation with lead,
iron, zinc, and other elements. Moreover, as the reason
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that the fine granularity and the mosaic distribution of
mineral phases composing copper ore, it is difficult to
get the corresponding metal concentrates even ore
dressing was performed, resulting lots production of
polymetallic complex chalcopyrite with low content of
copper, zinc, but high lead and iron content.[6–8]

At present, there is no suitable technology for efficient
and clean extraction and utilization of polymetallic
complex chalcopyrite. While traditional pyrometallurgi-
cal process is conducted to treat polymetallic complex
chalcopyrite as the raw material either for copper
smelting or for lead smelting, it will cause the loss of
valuable metals such as copper and lead, high energy
consumption, and environmental pollution.[9–11] In
order to solve these various problems existing in the
treatment of polymetallic complex chalcopyrite by
traditional pyrometallurgical process, hydrometallurgi-
cal extraction processes with good environmental com-
patibility have gradually become a research hotspot.[12]

Among of them microbial leaching,[13–15] high ferric salt
leaching,[16,17] chlorine salt leaching,[18,19] organic acid
leaching,[20] and so on are widely studied. However, in
the leaching process, passivation layer composed of
elemental sulfur,[21] copper and/or ferrous polysul-
fide,[17] jarosite,[22] and other products is easy to form
on the surface of the reactants, which hinders copper
leaching. Oxygen pressure leaching technology for
chalcopyrite treatment can improve the leaching effi-
ciency of copper,[23–25] but copper and iron co-leaching
in the leaching process leads to the problem of high iron
content in the leaching solution.[26] In addition, when
the content of lead in minerals is high, lead jarosite
residue and other dangerous solid wastes will be
produced in the oxygen pressure acid leaching process,
causing environmental pollution and harm to human
body.[27,28]

This study aims at resolving difficult problems while
oxygen pressure acid leaching is performed on poly-
metallic complex chalcopyrite with high lead and iron
content, such as co-leaching of copper and iron,
hazardous solid wastes like iron vitriol easily produced
in residue, and etc. The methodology proposed in the
present work is hydrothermal leaching under oxygen
pressure without acid to efficient leach copper and
synchronous to implement phase structure directional
transformation for output harmless hematite residue
which can easy be used. During the hydrothermal
leaching, sodium lignosulfonate as a surfactant that
can disperse molten sulfur located on the surface of raw
material is needed.[29] In addition, as the reason that zinc
in the form of sphalerite contained in the raw material is
to be completely leached under the conditions involved
in the present work, therefore the leaching of zinc is not
listed in this paper. Moreover, lead in the form of galena
in the raw material is transformed to lead sulfate which
only deposits in the leaching residue, the leaching
performance of lead is not mentioned in this work,
and the more attention need to be paid is its occurrence
in the residue. What’s more, the separation and extrac-
tion of copper and zinc from leachate can be easily

performed by traditional methodology like solvent
extraction, ion exchange, and etc., how to treat the
leachate obtained in this study is not involved.

II. EXPERIMENTAL

A. Main Equipment

The hydrothermal leaching under oxygen pressure
experiments was carried out in an autoclave with a
volume of 2 L (GSH-2, Weihai Chemical Machinery Co.
Ltd, China), which equipped with sampling system,
heating and cooling system with the working tempera-
ture range of 0 �C to 250 �C, as well as stirring system at
the speed range of 0 to 800 r/min. In addition, the
material of autoclave body was zirconium, and the
schematic diagram of the device is shown in Figure 1.

B. Testing and Characterizing Method

X-ray diffraction (XRD, PANalytical Xpert3 powder
diffractometer, Netherlands), scanning electron micro-
scopy, and energy-dispersive spectroscopy (SEM-EDS,
JSM-6360, Japan) were used to characterize the mineral
phase structure and morphology of raw materials and
leaching residues. The chemical elements of raw mate-
rials and leaching residues were quantitatively analyzed
by inductively coupled atomic emission spectrometer
(ICP-AES, Pekin-Elmer Optima-5300DV) and carbon
sulfur analyzer (Eltra CS2000, German). The content of
copper in leaching solution was determined by ultravi-
olet and visible spectrophotometer, and the content of
iron was determined by potassium dichromate titration.
The leaching rate index reflecting the leaching effect of

copper and iron is calculated according to Formula [1].
All the data listed in the present work are the average of
three parallel experiments under the same conditions.

gx ¼ wxi

wxo
� 100 pct; ½1�

where gx is the leaching rate of copper and iron, Wxi

is the mass of copper and iron in the leaching solution
(g), and Wxo is the mass of copper and iron in the raw
materials used for leaching (g).

C. Raw Materials

Polymetallic complex chalcopyrite was obtained from
an ore dressing plant in Yunnan province, China. Raw
material with particle size less than 45 lm used in the
present work was achieved by wet ball milling, filtration
and drying. The contents of main elements in the raw
material were determined by ICP-AES, and the results
are shown in Table I. From Table I, it is known that
sulfur, iron, copper, and lead are the main elements
constituting of the raw material, and these four elements
in total accounted for more than 80 pct (mass fraction)
of the material; the content of most valuable metals like
copper and zinc content is low, while the content of
impurity metals like lead and iron is high, indicating it
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belongs to low-grade polymetallic complex sulfide cop-
per. The content of copper (11.10 pct) in it is far lower
than that the requirement of raw material grade (con-
taining 20 to 30 pct copper) for pyrometallurgical copper
smelting, so this kind of resources belong to the refractory
resources that cannot be utilized by traditional pyromet-
allurgical smelting.[30] XRD was carried out on the raw
material to analyze its phase composition, and the
obtained result is illustrated in Figure 2 which shows that
the crystallized phase mainly includes chalcopyrite
(CuFeS2), porphyrite (Cu5FeS4), pyrite (FeS2), galena
(PbS), sphalerite (ZnS), and quartz (SiO2).

D. Procedure of Hydrothermal Leaching Under Oxygen
Pressure

Hundred grams of raw material and 0.5 g of sodium
lignosulfonate as a surfactant for getting high leaching
rate[31] were weighed and mixed evenly and put into the
autoclave, then a certain volume of distilled water
according to the preset liquid–solid ratio was added
before sealing the autoclave, followed by stirring and
heating. When the temperature of the system reaches the
specified temperature, oxygen with the specified pressure
is passed in for leaching reaction. After the reaction
complementation, the oxygen valve of the heating device
was closed and the cooling system was turned on to
reduce the temperature of the reaction system to room
temperature, followed by turning off the stirring and
relieving the remained pressure, turning on the auto-
clave to pour out the leaching pulp. The leaching pulp
was filtered and washed on the vacuum filter extraction
device to collect the filtrate and wash liquid, and the
filter cake obtained was put in an oven to be dried at
110 �C for 2 hours.

III. RESULTS AND DISCUSSION

A. Effects of Sulfuric Acid

Changing the concentration of sulfuric acid in the
initial leaching solution (0, 10, 20, 30, 40, 50 g/L) for
studying the influence of initial acid concentration of
leaching agent on leaching rate of copper and iron in
leaching process was performed, under the conditions of
leaching temperature of 200 �C, liquid–solid ratio of
10 mL/g, partial pressure of oxygen of 1.2 MPa,
leaching time of 120 minutes, and stirring speed of 400
r/min, and the results obtained are shown in Figure 3.
It can be found from Figure 3 that the initial sulfuric

acid concentration within the range of 0 to 50 g/L, the
leaching rate of copper does not change much, reaching
more than 99 pct. However, the leaching rate of iron
increases with the increase of initial sulfuric acid
concentration. This is because that in this acidity range
mentioned above, Fe3+ is mainly precipitated in the
form of hematite, which is inhibited by the increase of
acidity. However, when the initial acidity is greater than
20 g/L, the iron leaching rate gradually decreases due to
the existence of PbSO4 in the system resulting from the
dissociation of galena, and the increase of acidity
changes the hydrolysis reaction of ferric iron from
hematite iron precipitation to basic ferric sulfate and
jarosite-coordinated iron precipitation.[32–34]

XRD characterization was carried out on the leaching
residues obtained with different initial sulfuric acid
concentrations, and the influence of initial acidity on the
phase composition of the leaching residues was analyzed.
The transformation of the mineral phase of leaching
residue with initial acidity is shown in Figure 4. As can be
seen from Figure 4 that the lead jarosite phase always
exists in the leaching residue with the increase of initial

Fig. 1—Schematic diagram of experimental device.

Table I. The Main Element Content of Raw Materials (Mass Fraction Pct)

Cu Fe Pb Zn S SiO2 Al2O3 CaO MgO

11.10 28.10 8.88 2.97 34.95 1.86 0.5 0.38 0.43
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sulfuric acid concentration and that there is an obvious
PbSO4 phase peak in the leaching residue when the initial
sulfuric acid concentration is 0 g/L, but which gradually

disappears with the increase of the initial sulfuric acid
concentration, indicating that the increase of the initial
sulfuric acid concentration will cause the transformation

Fig. 2—XRD pattern of raw materials.

Fig. 3—The effects of initial acidity on the leaching rate of copper and iron.
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of PbSO4 into lead jarosite in the system. In addition,
when the initial sulfuric acid concentration is 0 g/L, there
is an obvious Fe2O3 peak in the leaching residue, which
gradually disappears with the increase of the initial
sulfuric acid concentration when the initial sulfuric acid
concentration is greater than 30 g/L, which indicates that
the increase of acidity will change the precipitation mode
of Fe3+ in the system. As a result, the mineral phase of
leaching residue transforms from hematite to lead
jarosite.[35–38] The chemical reaction equation of residue
phase transformation is shown in Eqs. [2] and [3].

2Fe3þ þ 3H2O ¼ Fe2O3 þ 6Hþ ½2�

6Fe3þ þ 3SO4
2� þ 12H2Oþ PbSO4

¼ PbFe6ðSO4Þ4ðOHÞ12 þ 12Hþ ½3�

With the difference of initial sulfuric acid concentra-
tion, the color of leaching residue changes from reddish
brown representing hematite to yellowish brown (color
of lead jarosite),[39–41] which can be found in Figure 5.

The obtained leaching residue was characterized by
SEM-EDS, and the influence of the initial sulfuric acid
concentration on the morphology and structure of the
leaching residue was analyzed. The morphology and
structure of the leaching residue varied with the initial
acidity are shown in Figure 6 (0 g/L) and Figure 7 (50 g/
L), as well as the chemical content of them is listed in

Table II which indicate 90.5 and 41.5 pct of the iron in
the leaching residue are existed with the form of Fe2O3,
respectively.
It can also be seen from Figure 6 that when the initial

sulfuric acid concentration is 0 g/L, the leaching residue
presents a loose porous structure, which mainly consists
of Fe2O3, with a small amount of lead jarosite with
tetrahedral structure and basic ferric sulfate with rod-
like structure wrapped. According to Figure 7, when the
initial sulfuric acid concentration is 50 g/L, the leaching
residue is mainly composed of tetrahedral lead jarosite
and a small amount of basic ferric sulfate with rod-like
structure. Compared with the initial sulfuric acid con-
centration of 0 g/L, it is found that the leaching residue
has fine particle size, smooth surface, compact structure,
and no obvious wrapping and distribution relationship.
In conclusion, the initial sulfuric acid concentration of

0 g/L is the best choice. Under this condition, more than
99 pct of the copper in the raw material is dissolved into
the leaching solution, and about 90.5 pct of the iron is
converted into hematite contained in the leaching
residue, realizing the purpose of hydrothermal leaching
of copper without sulfuric acid in the initial leaching
solution. This process proposed in the present work can
achieve efficient leaching of copper and directional
transformation of iron into hematite in leaching residue,
not only reducing the cost for disposal polymetallic
complex chalcopyrite but also reducing the requirement
of anti-corrosion performance of equipment in leaching
process.

Fig. 4—XRD patterns of leaching residues under different initial acidity.
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Fig. 5—Effect of initial sulfuric acid concentration (a: 0 g/L, b: 30 g/L, c: 50 g/L) on the color of leaching residue (Color figure online).

Fig. 6—SEM image (a) and EDS spectrum (b through d) of leaching residue obtained with the initial acidity of 0 g/L.
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B. Effects of Reaction Temperature

Under the experimental conditions of initial sulfuric
acid concentration of 0 g/L, liquid–solid ratio of 10 mL/
g, oxygen partial pressure of 1.2 MPa, leaching time of
120 minutes, sodium lignosulfonate addition of 0.5 pct
mass of raw material, and stirring speed of 400 r/min,
the influence of reaction temperature on leaching
behavior of copper and iron from raw material by
hydrothermal leaching under oxygen pressure was
studied. Five groups of experiments were designed at
reaction temperature of 140 �C, 160 �C, 180 �C, 200 �C,

and 220 �C, respectively. The results on the influence of
reaction temperature on the leaching rate of copper and
iron by hydrothermal leaching under oxygen pressure
are shown in Figure 8.
Figure 8 shows that the copper leaching rate increases

with the increase of temperature when the reaction
temperature of the system increases from 140 �C to
220 �C and that it reaches over 99 pct while the
temperature reaches 200 �C and nearly remains
unchanged even though the temperature continuously
increase. The results show that high temperature is

Fig. 7—SEM image (a) and EDS spectrum (b through d) of leaching residue obtained with the initial acidity of 50 g/L.

Table II. The Chemical Content of Leaching Residues at Different Initial Acidity

Item (g/L) Mass, g

Content, Wt Pct

Cu TFe Fe2O3 Pb Zn S SiO2 CaO MgO

0 60.88 0.025 41.00 53.01 14.57 0.06 3.29 3.03 0.60 0.02
50 72.80 0.082 33.52 19.86 12.06 0.04 7.63 2.50 0.51 0.01

METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 54B, OCTOBER 2023—2581



favorable for mineral dissociation and copper com-
pletely enters the leaching solution. On the premise of
complete leaching of copper, the iron leaching rate is
11.17 pct at 200 �C; however, it is reduced by 3.95 pct at
220 �C, indicating that high temperature is favorable for
Fe3+ hydrolysis.[42] Although the leaching rate of iron at
200 �C is higher than that at 220 �C, the leaching rate of
copper is basically unchanged while the temperature
increases by 220 �C from 200 �C, and the saturated
vapor pressure of the leaching system increases sharply
after the reaction temperature is higher than 200 �C,
which will make the energy consumption of the reaction
system increased, and the requirements for the equip-
ment material to withstand higher pressure, so it is not
advocated to make the leaching reaction occurred at
220 �C.

The change of phase composition of leaching residue
at different reaction temperatures is shown in Figure 9.
It can be seen from Figure 9 that with the increase of
reaction temperature, the phase peaks of lead jarosite
and lead sulfate in the leaching residue basically do not
change, but the intensity of Fe2O3 phase peak is
obviously strengthened with the increase of reaction
temperature, indicating that the increase of reaction
temperature is conducive to the precipitation of iron in
the system in the form of hematite and the transforma-
tion of leaching residue to hematite.[43,44]

The leaching residue at 180 �C was characterized by
SEM-EDS, and the influence of reaction temperature on
the morphology and structure of the leaching residue
was analyzed. The morphology and structure of the

leaching residue at 180 �C and 200 �C are shown in
Figures 10 and 6, respectively. In addition, the chemical
element content of the leaching residue obtained at
180 �C also listed in Table III, which also means part of
chalcopyrite in the raw material is not completely
dissolved.
Compared with the leaching residue at 200 �C, the

particle size of the leaching residue at 180 �C is smaller,
and there are unwrapped lead jarosite, tetrahedral
structure, and massive structure of lead sulfate. In
addition, hematite is wrapped on the surface of unre-
acted minerals in the form of fine particles at 180 �C.
Considering the selective leaching rate and energy
consumption of copper and iron, the optimum reaction
temperature is 200 �C. Under this condition, more than
99 pct of the copper in mineral transfers into the
leaching solution, the content of iron in the leaching
solution is only 4.3g /L, and 90.5 pct of the iron
contained in the leaching residue is in the form of
hematite.

C. Effects of Oxygen Partial Pressure

Under the experimental conditions of initial sulfuric
acid concentration of 0 g/L, reaction temperature of
200 �C, liquid–solid ratio of 10 mL/g, leaching time of
120 minutes, sodium lignosulfonate addition of 0.5 pct
mass of raw material, and stirring speed of 400 r/min,
the influence of oxygen partial pressure on hydrothermal
leaching under oxygen pressure was studied. Five groups
of experiments were designed with oxygen partial

Fig. 8—The effects of temperature on the leaching rate of copper and iron.
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pressures at 0.6, 0.8, 1.0, 1.2, and 1.4 MPa, respectively.
The influence of oxygen partial pressures on the leaching
is shown in Figure 11.

It can be seen from Figure 11 that when the oxygen
partial pressure of the system is increased from 0.6 to 1.4
MPa, the leaching rate of copper increases with the
increase of oxygen partial pressure and gradually tends
to be gentle. This is because oxygen is needed not only
for dissolution of sulfide minerals in the raw material,
but also for oxidation of Fe2+, and the higher partial
pressure of oxygen helps to improve the concentration
of dissolved oxygen in the leaching system, so that the
oxidation atmosphere of the system can be maintained
at a higher level, thus promoting the dissociation of the
mineral phase in raw material and improving the
leaching rate of copper. While the oxygen partial
pressure is lower than 0.8 MPa, the iron leaching rate
increases with the increase of oxygen partial pressure,
which is because the increase of oxygen partial pressure
promotes the dissociation of mineral phase and releases
more iron in the leaching solution as Fe2+. After it
exceeds 0.8 MPa, due to the further increase of oxygen
partial pressure, Fe2+ ions in the system can be oxidized
to Fe3+ and then hydrolysis reaction of Fe2(SO4)3 to
form Fe2O3 occurs, thus reducing the iron leaching rate.

For analyzing the influence of oxygen partial pressure
on the phase composition of leaching residue, the typical
leaching residue under corresponding conditions was
characterized by XRD. The obtained results is shown in
Figure 12.

It can be seen from Figure 12 that the peak intensity
of lead jarosite in the XRD pattern of the leaching
residue at 0.8 MPa is obviously low. Combined with the
leaching rate of copper 61.47 pct under this experimen-
tal condition, it indicates that the mineral dissociation in
the system under this partial oxygen pressure is not
sufficient, thus inhibiting the transformation of iron into
lead jarosite in the leaching system. When oxygen partial
pressure is greater than 0.8 MPa, the peak of lead
jarosite is more obvious, and the peak strength of Fe2O3

is obviously strengthened with the increase of oxygen
partial pressure, indicating that higher oxygen partial
pressure benefits not only to fully dissociate the mineral
phase in raw material, but also to facilitate the trans-
formation of iron to hematite in the leaching residue.

D. Ratio of liquid to solid

Under the experimental conditions of initial sulfuric
acid concentration of 0 g/L, reaction temperature of
200 �C, partial pressure of oxygen of 1.2 MPa, leaching
time of 120 minutes, addition of sodium lignosulfonate
of 0.5 pct mass of raw materia,l and stirring speed of 400
r/min, the influence of liquid–solid ratio on the leaching
of minerals in hydrothermal leaching under oxygen
pressure was studied. Four groups of experiments with
liquid–solid ratio at 6, 8, 10, and 12 mL/g were
designed, and the results obtained are shown in Fig-
ure 13. Figure 13 shows that when the liquid–solid ratio
of the leaching system is increased from 6 to 12 mL/g,
the copper leaching rate basically remains unchanged.

Fig. 9—XRD patterns of leaching residues at different reaction temperatures.
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However, when the liquid to solid ratio is 10 mL/g, the
leaching rate of iron is the lowest; this could be
accounted for by the reason that the low liquid to solid
ratio leads to the high acid concentration in the system,
which inhibits the hydrolysis of ferric ion in leaching
solution and even leads to the redissolution of part of
hematite contained in leaching residue. When the
liquid–solid ratio increased to 12 mL/g from 10 mL/g,
the iron leaching rate increased by about 20 pct. This is
because the excessive liquid–solid ratio reduces the
volume of gaseous phase in the reaction system, leading
the oxygen quantity in atmosphere of the system and the
dissociation rate of mineral in the raw material lower. In
addition, Fe3+ is mainly transformed into Fe2+ retain-
ing in the leaching solution while oxygen is insufficient,
as shown in Eq. [4], and iron cannot be precipitated
from leaching solution with the form of Fe2O3 as Eq. [2]

mentioned above, leading to an increase in the iron
leaching rate.[45,46] The results obtained show that the
liquid–solid ratio of 10 mL/g is the best choice.

MeSþ 2Fe3þ ¼ Me2þ þ 2Fe2þ þ S0 ½4�
In Eq. [5], MeS represents the main sulfide phases in

raw material, mainly chalcopyrite (CuFeS2), porphyrite
(Cu5FeS4), pyrite (FeS2), galena (PbS), and sphalerite
(ZnS)

E. Effects of leaching time

Under the experimental conditions of initial acidity of
0 g/L, reaction temperature of 200 �C, oxygen partial
pressure of 1.2 MPa, liquid–solid ratio of 10 mL/g,
addition of sodium lignosulfonate of 0.5 pct mass of raw
material, and stirring speed of 400 r/min, the influence of

Fig. 10—SEM image (a) and EDS spectrum (b through d) of leaching residue of 180 �C.
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leaching time on leaching behavior of valuable metals in
the raw material by hydrothermal leaching under oxygen
pressure was studied. Five groups of experiments were
designedwith different leaching time at 30, 60, 90, 120, and
150 minutes, respectively. The influence of leaching time
on the selective leaching rate of copper and iron by
hydrothermal leaching under oxygen pressure is shown in
Figure 14. With the increase of leaching time, copper
leaching firstly increases and then tends to be stable.When
leaching time is 120 minutes, copper leaching is almost
complete. The leaching rate of iron increases first and then
decreases with the increase of leaching time. The leaching
rate reaches the lowest 8.51 pct at 150 minutes, but the
decrease is not large compared with that at 120 minutes.

The representative leaching residue under correspond-
ing conditions was characterized by XRD, and the
influence of leaching time on the phase composition of
leaching residue was analyzed. The results are shown in
Figure 15.

It can be seen from Figure 15 that, compared with
raw materials, galena and sphalerite have disappeared
in the leaching residue after the reaction time of 30
minutes, but chalcopyrite and pyrite do not completely
be dissolved. Chalcopyrite and pyrite have basically
disappeared after the reaction time of 90 minutes,
indicating that the leaching reaction of galena and
sphalerite is easier than that of chalcopyrite and pyrite.
In addition, with the increase of leaching time, phases
such as lead sulfate, hematite, and lead jarosite grad-
ually appear in the leaching residue. The results show
that the formation time of lead jarosite mainly occurs in
the period of 60 to 90 minutes, and the phase
composition in the leaching residue basically does not
change significantly after 90 minutes. Chemical reac-
tions as shown in Eqs. [5] through [9] mainly occur
when major mineral phases are dissociated during the
process of hydrothermal leaching under oxygen pres-
sure atmospheric.[47]

Table III. The Chemical Content of Leaching Residues at 180 �C

Item Mass, g

Content, Wt Pct

Cu Fe Pb Zn S SiO2 CaO MgO

180 �C 70.77 4.57 35.37 12.45 0.13 13.48 2.61 0.52 0.01

Fig. 11—Effects of oxygen partial pressure on the leaching rate of copper.
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Fig. 12—XRD patterns of leaching residues under different oxygen partial pressures.

Fig. 13—The effects of liquid–solid ratio on the leaching rate of copper and iron.
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Fig. 14—The effects of leaching time on the leaching rate of copper and iron.

Fig. 15—XRD patterns of leaching residues under different leaching time.
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2PbSþ 4Hþ þ 2SO2�
4 þO2 ¼ 2PbSO4 þ 2S0 þ 2H2O

½5�

2FeS2 þ 4Hþ þO2 ¼ 2Fe2þ þ 4S0 þ 2H2O ½6�

CuFeS2 þ 4Hþ þO2 ¼ Cu2þ þ Fe2þ þ 2S0 þ 2H2O

½7�

2Fe2þ þ 2Hþ þ 0:5O2 ¼ 2Fe3þ þH2O ½8�

2S0 þ 2H2Oþ 3O2 ¼ 4Hþ þ 2SO4
2� ½9�

The leaching residue under different reaction time was
characterized by SEM, and the influence of leaching
time on the morphology of leaching residue was
analyzed, the obtained result can be found in Figure 16.
As can be seen from Figure 16, the surface of raw
materials is smooth and compact. With the increase of
reaction time, the mineral gradually dissociates, the
particle size becomes smaller, and the products are
wrapped on the mineral surface, and the surface
becomes rough.

IV. CONCLUSION

The main minerals in polymetallic complex chalcopy-
rite are chalcopyrite (CuFeS2), porphyrite (Cu5FeS4),
pyrite (FeS2), galena (PbS), sphalerite (ZnS), and quartz
(SiO2). Hydrothermal leaching under oxygen pressure
without sulfuric acid in the initial leaching solution can
directly extract copper from polymetallic complex

Fig. 16—SEM images of leaching residues at different leaching times (a: raw material; b 30 min; c 60min; d 90 min).
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chalcopyrite and precipitate iron in the form of hematite
in the leaching residue, thus achieving a highly selective
separation of copper from iron. Under the experimental
conditions of initial sulfuric acid concentration of 0 g/L,
reaction temperature of 200 �C, oxygen partial pressure
of 1.2 MPa, liquid–solid ratio of 10 mL/g, addition of
sodium lignosulfonate of 0.5 pct mass of raw material,
leaching time of 120 minutes, stirring speed of 400 r/
min, the copper leaching rate can reach 99.86 pct, but
the leaching rate of iron was only 11.17 pct. Compared
with other factors, reaction temperature, oxygen partial
pressure, and leaching time have a greater influence on
the selective leaching rate of copper and iron in
hydrothermal leaching process under oxygen pressure
and are the key control factors to achieve high selective
leaching and separation of copper and iron.

Hydrothermal leaching under oxygen pressure for
disposal of polymetallic complex chalcopyrite resources
can achieve efficient selective leaching of copper and
iron, and directional control of phase composition and
structure of leaching residue, effectively reduce the
generation of dangerous solid wastes such as jarosite.
Initial sulfuric acid concentration, reaction temperature,
and oxygen partial pressure are the key factors for
directional control of the phase transformation of
leaching residue. Lower initial sulfuric acid concentra-
tion, higher reaction temperature, and oxygen partial
pressure are favorable for the transformation of leach-
ing residue into hematite.
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