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Oxidation leaching of copper smelting dust by controlling potential
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Abstract: A study was conducted for metal extraction from copper smelting dust using the oxidation leaching and control of
potential technology. The effects of H,O, dosage, H,0, feeding speed, initial HCI concentration, leaching temperature, liquid-to-solid
ratio and leaching time on metals leaching efficiencies were investigated. The following optimized leaching conditions were obtained:
H,0, dosage of 0.8 mL/g (redox potential of 429 mV), H,0, feeding speed of 1.0 mL/min, initial H,SO,4 concentration of 1.0 mol/L,
initial HCI concentration of 1.0 mol/L, leaching temperature of 80 °C, initial liquid-to-solid ratio of 5:1 mL/g and leaching time of
1.5 h. Under the optimized conditions, copper and arsenic can be effectively leached from copper smelting dust, leaving residue as a
suitable lead resource. The average leaching efficiencies of copper, arsenic and iron are 95.27%, 96.82% and 46.65%, respectively.
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1 Introduction

Copper smelting dust is generated in the pyro-
metallurgical process of copper extraction, which
contains both several valuable metals such as copper,
lead, zinc and bismuth and undesirable toxic materials
like arsenic and cadmium [1,2]. In recent years, the
increase of copper production and depletion of high
grade copper ores have resulted in a higher amount of
dust. Due to its high metal content and environmental
impact, copper smelting dust is regarded as a secondary
resource, which should be comprehensively utilized to
achieve the maximum economic benefits [3]. If copper
smelting dust is directly sent back to smelting process to
recover metals, the quality of electric copper and the
processing capability of furnace will be reduced greatly
owning to the circulating accumulation of the
impurities [4]. Therefore, it is necessary to treat smelting
dust individually to recover the metals.

The conventional treatment of smelting dust can be
mainly classified into three methods: pyro-metallurgical,
hydrometallurgical ~and  hybrid process.  With
pyro-metallurgical process, dust is smelted in a
side-blowing furnace or blast furnace, in which lead,
bismuth, gold and silver can be enriched in crude lead

and arsenic volatilizes into the flue dust [5]. This process
can reduce the impact of dust on the main smelting
process, but there are some problems, such as the
dispersal of metals, high energy consumption and
environmental pollution. Therefore, extensive studies
have been carried out on the treatment of smelting dust
by hydrometallurgical processes [6]. Many leaching
agents are applied in the dust leaching, including water,
sulfuric acid, zinc electrolyte, sodium hydroxide and
ammonia, and the leaching efficiencies can be increased
further by the addition of H,0O,, pressure leaching and
Cl,/CI" systems [7-9]. XU et al [10] reported that copper
and zinc can be effectively separated from arsenic and
iron in the pressure leaching, while few work was
performed to recover arsenic, lead and bismuth. For most
of hydrometallurgical processes, it is very difficult to
realize industrial production and practical application
due to their shortcomings, such as long flow, complex
process and low efficiency. At present, some plants in
China treat copper smelting dust by a unite technique of
hydro- and pyro-metallurgy, where dust is firstly leached
by water, sulfuric acid or sodium sulfide and then the
leaching residues are sent to lead smelting process.
Moreover, some researches focused on the removal of
arsenic by anoxic roasting or reducing roasting and then
the roasted product is leached in the hydrometallurgical

Foundation item: Project (2016M602427) supported by the Postdoctoral Science Foundation of China; Project supported by the Fundamental Research
Funds for the Central Universities of Central South University, China
Corresponding author: Lin CHEN; Tel: +86-15111045540; E-mail: chenlin0210@csu.edu.cn

DOI: 10.1016/S1003-6326(18)64830-7



Wei-feng LIU, et al/Trans. Nonferrous Met. Soc. China 28(2018) 1854—1861

process [11]. However, lead, arsenic and zinc will be
volatilized as mixture dust, and the collected As,O; dust
may result in a source of secondary pollution.

In recent years, bottom-blowing furnace matte
smelting technology has been developed greatly in
China. Due to the special structure of the bottom-
blowing furnace, the copper smelting dust has the
characteristics of complex components and high-arsenic,
which undoubtedly makes it more difficult to be
treated [12,13]. Therefore, the process of oxidation
leaching by controlling potential was proposed to treat
bottom-blown furnace smelting dust in this work. And
the factors affecting the leaching efficiencies of copper,
arsenic and iron, such as H,O, dosage, H,O, feeding
speed, initial HCl concentration, leaching temperature,
liquid-to-solid ratio and leaching time were optimized.

2 Experimental

2.1 Materials and reagents

The source of the copper smelting dust used in this
study was from a copper smelter in Henan Province,
China. And the samples were obtained in the bottom-
blowing furnace matte smelting process. The samples
were dried, ground and sieved, which ensured all of them
passing  through  200-mesh Analytical
determination of the dust contents is shown in Table 1.
The results demonstrate that the major elements present
in the dust are lead (22.41%), copper (14.90%), arsenic
(10.54%) and iron (8.23%).

sieve.

Table 1 Main chemical composition of copper smelting dust

(mass fraction, %)
Pb Cu As Fe Cd Zn S
2241 1490 1054 823 392 3.63 10.56

As presented in Fig. 1, the XRD results suggest that
lead sulfate (PbSO,4) is the main mineral phase, and
arsenic trioxide (As,03), iron oxide (Fe,0;3), magnetite
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(Fe30,), copper sulfate (CuSQ,), copper sulfide (CuS)
and copper oxide (CuO) are identified as the dust
components. The chemical phase analysis of metals is
listed in Table 2 [14,15]. The results show that phase
compositions of copper are very complex, mainly
including CuSQOy, CuO and CuS [16]. A large quantity of
lead exists in the form of PbSO,. However, arsenic and
iron in the dust mainly exist in the form of oxides, which
reach 83.76% and 77.27%, respectively. The SEM—EDS
images of the dust are shown in Fig. 2. It can be seen that
the distribution of composition and particle size are
uniform. The results of EDS indicate that metal contents
in the dust are consistent with the results listed in
Table 1.

V—PbSO,
y v —CuSO,
N A—As,O
Vo v o— Fe;O;
\/
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Fig. 1 XRD pattern of copper smelting dust

Table 2 Chemical phase analysis of metals in copper smelting
dust (mass fraction, %)

Copper smelting dust Pb Cu As Fe
Sulfide phase 2.68 30.87 3.75 6.81
Sulfate phase 86.62 3225  Trace 12.73
Oxide phase 7.54 34.51 83.76  77.27
Others 3.16 2.37 12.49 3.19
{ | (b) -
S Element w/% x/%
o 6.79 26.29
As 13.02 10.77
S 8.67 16.76
o Cd 559 3.08
q - Fe 9.50 10.54
Cu 18.60 18.14
Zn 479 4.54
& Pb 33.04 9.88
cd Cu
o e Fe Zn

1 2 3 4 5 6 7 8 9 10
Energy/keV

Fig. 2 SEM image (a) and corresponding EDS pattern (b) of copper smelting dust
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All the used reagents that sulfuric acid (98%),
hydrochloric acid (36%) and hydrogen peroxide (30%)
are of analytical grade.

2.2 Experimental procedure

The leaching experiments were conducted in a
500 mL flask equipped with a mechanical stirrer, a
mercury thermometer and a potentiometer (Fig. 3). And
the flask was placed in a thermostatic water bath and the
temperature was controlled accurately within £0.5 °C.
For each experiment, 50 g dust was mixed with leaching
reagent containing desired concentrations of H,SO, and
HCI when the temperature reached the pre-set value. The
desired amount of H,O, was pumped into the slurry by a
constant-flow pump, and then the slurry was leached at a
stirring speed of 400 r/min. The redox potential of the
solution was monitored by a MT320—SpH instrument
with a platinum electrode as the working electrode and a
calomel electrode as the reference electrode. After the
reaction, the slurry was filtered, and the residue was
washed by hot water. The washed residue was weighed
after being dried at 110 °C for 24 h and then subjected to
analysis. And the resulting leaching solution mixed with
the washing water was used for the recovery of copper,
arsenic and iron. The extraction rates of metals were
calculated on the basis of residue composition.

In order to determine the suitable leaching system,
the dust was subjected to treatment with different
leaching reagents, such as water, sulfuric acid, mixed
acid (sulfuric acid and hydrochloric acid), sulfuric acid
and hydrogen peroxide, hydrochloric acid and hydrogen
peroxide, and mixed acid and hydrogen peroxide. These
different treatments were carried out under the following
consistent conditions: leaching temperature of 80 °C,
liquid-to-solid ratio of 4:1 mL/g and leaching time of
1.5 h. Secondly, the effects of H,O, dosage, H,O,
feeding speed, initial HCIl concentration, leaching
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temperature, liquid-to-solid ratio and leaching time on
metal leaching efficiencies were investigated.

2.3 Analysis methods

The contents of metals in dust and leaching residue
were determined by ICP-MS (IRIS Intrepid II XSP, US).
The phases of dust and leaching residue were analyzed
by X-ray diffraction (TTRAX-3, 50 kV, 300 maA,
10 (°)/min, Japan). Morphology of samples and energy
spectra were characterized by SEM (JSM—6360LV,
25 kV, Japan) and EDS (EDX-GENESIS, 60S, USA),
respectively. Sulfur was measured with a sulfur and
carbon analyzer (LECOSC—444, US).

3 Results and discussion

3.1 Effect of leaching system

Figure 4 illustrates that the extraction rates of
metals with water as leaching agent are low. When the
dust is leached in sulfuric acid, the extraction rates of
copper, arsenic and iron are 59.03%, 86.29%, and
29.46%, respectively. This can be attributed to that
CuSO0y, CuO, As,0; and Fe,0; can be directly dissolved
in sulfuric acid. Appropriate HCl concentration can
further improve the extraction rates of copper, arsenic
and iron. And the filtration rate will speed up with the
addition of HCI (data not shown). However, high
concentration of HCI can lead to dissolution of lead and
corrosion of equipment. Additionally, oxidants are
required for the dissolution of metal sulfides. And it is
necessary to convert trivalent arsenic to pentavalent
arsenic, which is conducive to the subsequent separation
of copper and arsenic in the leaching solution with
sulfide precipitation method. Hydrogen peroxide is a
good oxidizing agent and can be used for dust leaching
because its oxidation potential (1.77 V) is adequate
for oxidizing almost all the metal sulfide. The oxidative

oooa
oooao

Fig. 3 Experimental set-up for oxidation leaching of copper smelting dust: 1—Thermometer; 2—Potentiometer; 3—Mechanical

stirrer; 4—Flask; 5—Thermostatic water bath; 6—Pipeline; 7—Constant-flow pump; 8—H,0,
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Fig. 4 Effect of leaching system on metal extraction rate

(a—Water b—Sulfuric acid H,SO,

concentration of 1.5 mol/L; ¢c—Mixed acid leaching: H,SO,

leaching; leaching:
concentration of 1.0 mol/L, HCI concentration of 1.0 mol/L;
d—Sulfuric acid oxidation leaching: H,SO, concentration of
1.5 mol/L and oxidant dosage of 1 mL/g; e—Hydrochloric acid
oxidation leaching: HCI concentration of 3 mol/L and oxidant
dosage of 1 mL/g; f~Mixed acid oxidation leaching: H,SO,
concentration of 1.0 mol/L, HCI concentration of 1.0 mol/L and
H,0, dosage of 1 mL/g)

action of hydrogen peroxide in acidic solution is based
on its reduction [17]. Therefore, oxidation leaching with
mixed acid as leaching agent was selected for the
treatment of copper smelting dust. In this leaching
system, approximately 92.83% of Cu, 94.17% of As and
44.32% of Fe in the dust are leached. The probable main
reactions in the leaching with H,O, as the oxidant are as
follows [18]:

CuO+2H"— Cu*'+H,0 ()
Fe,0;+6H"— 2Fe**+3H,0 )
H,0,+2H"+2e —2H,0 (3)
CuS+H,0,+2H" — Cu*'+S+2H,0 4)
As,03+H,0+2H,0,— 2H;As0, 5)

3.2 Effect of H,0O, dosage

H,0, dosage is the most important factor in metal
extraction. Figure 5 shows the effect of H,O, dosage
(where mL/g represents the ratio of added volume of
30% H,0O, to the mass of dust) on the extraction rates of
metals in the leaching process.

It can be seen from Fig. 5 that the extraction rate of
copper is raised from 65.46% to 92.75% with the
increase of H,O, dosage from 0 to 0.8 mL/g. Further
increasing H,O, dosage, the extraction rate of copper
remains relatively steady. The extraction rate of arsenic
does not change obviously with the increase of H,0,
dosage. The extraction rate of iron increases with the
increase of H,O, dosage from 0 to 0.4 mL/g and raises

slightly with further increasing H,O, dosage. This can be
attributed to that it is beneficial to the dissolution of
sulfide species by adding H,0O,, whereas magnetite is not
easily dissolved in the leaching solution [19,20].
Therefore, the H,O, dosage of 0.8 mL/g is required to
achieve satisfactory leaching results.
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Fig. 5 Effects of H,O, dosage on metal extraction rate and
redox potential (initial H,SO4 concentration of 1.0 mol/L,
initial HCI concentration of 1.0 mol/L, leaching temperature of
80 °C, H,0, feeding speed of 1.0 mL/min, liquid-to-solid ratio
of 4:1 mL/g, and leaching time of 1.5 h)

In addition, the redox potential of the leaching
solution gradually increases by improving the H,0,
dosage. It should be noted that the redox potential
increases rapidly from 346 to 405 mV when the H,0,
dosage increases from 0 to 0.4 mL/g, which corresponds
to the increase of metal extraction rates. When the H,O,
dosage is between 0.4 and 0.8 mL/g, the redox potential
has a slight increase. However, the redox potential
improves significantly from 421 to 498 mV when the
H,0, dosage increases from 0.8 to 1.2 mL/g. This is
largely attributable to the excessive H,0,. Based on the
above results, the metal extraction rates can be judged
effectively by observing the redox potential. And the
redox potential is determined by the appropriate H,O,
dosage.

3.3 Effect of H,0, feeding speed

The effect of H,O, feeding speed on the extraction
rates of metals is presented in Fig. 6. It can be seen that,
the extraction rates of arsenic and iron change
insignificantly with the increase of H,O, feeding speed.
However, the H,0, feeding speed has a significant effect
on the copper dissolution. The extraction rate of copper
is raised from 88.13% to 92.75% with the increase of
H,0, feeding speed from 0.5 to 1.0 mL/min. This may be
due to the fact that the added H,O, cannot fully react
with dust in a short time. The extraction rate of copper
decreases slowly with further increasing H,O, feeding
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speed. It is mainly caused by the fact that the
decomposition rate of H,O, increases with the increase
of H,O, feeding speed. The change of redox potential of
the solution also validates the phenomenon, which
decreases from 461 to 364 mV with accelerating the
addition of H,0,. Therefore, the appropriate feeding
speed of H,O, is chosen to be 1.0 mL/min.

100 500
* 74;7***0\——4
.;'—:\u\.\- 1475
o 807 -+ Cu Z
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1375
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0.5 1.0 1.5 2.0 2.5
H,0, feeding speed/(mL-min™")

Fig. 6 Effect of H,O, feeding speed on metal extraction rate
and redox potential (H,O, dosage of 0.8 mL/g, initial H,SO,
concentration of 1.0 mol/L, initial HCl concentration of
1.0 mol/L, leaching temperature of 80 °C, liquid-to-solid ratio
of 4:1 mL/g, and leaching time of 1.5 h)

3.4 Effect of initial HCI concentration

Figure 7 presents the effect of initial HCI
concentration on metal extraction. The leaching
efficiencies of copper, arsenic and iron increase
apparently with the increase of initial HCI concentration
and reach 92.75%, 93.85% and 43.39%, respectively,
when the initial HCI concentration is up to 1.0 mol/L,
and remain relatively stable with further increasing. The

100 500
1475
. 80F 2
3 o As 1450 =
E Fe &
= 2
S 60rF /V/m—ljw 1425 g
K R L
0L , —
1375
20 L— 1350
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HCI concentration/(mol-L™")

Fig. 7 Effect of initial HCI concentration on metal extraction
(H,0, dosage of 0.8 mL/g, H,0, feeding speed of 1.0 mL/min,
initial H" concentration of 3.0 mol/L, leaching temperature of
80 °C, liquid-to-solid ratio of 4:1 mL/g, and leaching time of
1.5h)

redox potential initially increases with increasing initial
HCI concentration, and then remains relatively steady.
The probable reasons are as follows: 1) Chlorine ions
were used as ligands bind with metal ions to form stable
complexes in the leaching solution, which is favorable
for metal leaching [21] ; 2) Some studies showed that CI
can enhance the activity of H" in leaching solutions.
Considering the extraction rates of metals, the
appropriate HCI concentration is chosen to be 1.0 mol/L.

3.5 Effect of leaching temperature

The effect of leaching temperature on the extraction
rates of metals is shown in Fig. 8. The results indicate
that the leaching efficiencies of copper, arsenic and iron
increase with leaching temperature. With the increase of
leaching temperature from 50 to 90 °C, the extraction
rates of copper, arsenic and iron increase from 78.91%,
87.27% and 23.41% to 93.64%, 95.01% and 45.64%,
respectively. Correspondingly, the redox potential
increases from 366 to 434 mV. This is due to the fact that
the increase of temperature is beneficial to the diffusion
of material. Additionally, the solubilities of copper,
arsenic and iron increase with the increase of leaching
temperature. On the other hand, H,O, has poor reactivity
under the low temperature and cannot effectively react
with the dust [22]. Last but not least, some of the
multivalent metal ions can be oxidized by hydrogen
peroxide and react with metal sulfides in dust, which will
allow hydrogen peroxide to be fully utilized at a higher
temperature. Given consideration on metal extraction and
energy consumption, 80 °C is determined to be the
optimum leaching temperature.

100 500
1475
80 -
——As 1450
+Fe
60 {425

Extraction rate/%
Redox potential/mV

1400
40| I

/ 1375

20 L . . . 1350
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Temperature/°C

Fig. 8 Effect of leaching temperature on metal extraction rate
and redox potential (H,O, dosage of 0.8 mL/g, H,0, feeding
speed of 1.0 mL/min, initial H,SO, concentration of 1.0 mol/L,
initial HCI concentration of 1.0 mol/L, liquid-to-solid ratio of
4:1 mL/g, and leaching time of 1.5 h)

3.6 Effect of liquid-to-solid ratio
The effect of liquid-to-solid ratio on the extraction
rates of metals is shown in Fig. 9. The results reveal that
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liquid-to-solid ratio plays an important role in the metal
leaching. With the increase of liquid-to-solid ratio from
3:1 to 5:1 mL/g, the extraction rates of copper, arsenic
and iron increase from 82.37%, 85.73% and 32.92% to
95.64%, 97.12% and 46.81%, respectively. Further

increasing has a marginal effect on metal extraction rates.

The redox potential of the leaching solution initially
increases with increasing liquid-to-solid ratio, but
remains relatively steady for the liquid-to-solid ratio
above 5:1 mL/g. This can be explained by that the
increased volume of leaching reagent can promote the
mass transfer process of the solid-liquid interface
[23,24]. Considering the reagent consumption and the
volume of leaching solution, the optimized liquid-to-
solid ratio is chosen to be 5:1 mL/g.

i 500
/ - Cu 1475
80 .G >
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2 :
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g Q
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& e L
<& 40 | //, M
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20 L . . | s
3 P : 6 7

Liquid-solid ratio/(mL-g™")
Fig. 9 Effect of liquid-to-solid ratio on metal extraction rate
and redox potential (H,O, dosage of 0.8 mL/g, H,0, feeding
speed of 1.0 mL/min, initial H,SO, concentration of 1.0 mol/L,
initial HCI concentration of 1.0 mol/L, leaching temperature of
80 °C, and leaching time of 1.5 h)

3.7 Effect of leaching time

Figure 10 shows the effect of leaching time on the
extraction rates of metals and the redox potential. Results
indicate that the leaching processes of metals are affected
obviously by leaching time. With the leaching time
increasing from 1 h to 1.5 h, the extraction rates of
copper, arsenic and iron increase from 82.17%, 86.21%
and 34.19% to 95.64%, 97.12% and 46.81%,
respectively. Further prolonging leaching time, the
extraction rates of metals have only negligible change.
Given higher metal extraction rates and lower energy
consumption, the leaching time is fixed at 1.5 h.

3.8 Ocxidation leaching by controlling potential and
residue characterization
Based on the above mentioned single-factor
experiments, the optimum conditions are determined as:
H,0, dosage of 0.8 mL/g, H,O, feeding speed of
1.0 mL/min, initial H,SO, concentration of 1.0 mol/L,

initial HCI concentration of 1.0 mol/L, leaching
temperature of 80 °C, liquid-to-solid ratio of 5:1 mL/g
and leaching time of 1.5 h. In addition, the oxidation
leaching process can be improved by combination with
control of the redox potential. Therefore, the process of
oxidation leaching by controlling potential was proposed.
In this process, the redox potential is determined by the
appropriate H,O, dosage. And the redox potential of
429 mV is required to achieve satisfactory leaching
results.

100 500
1 475
80 | >
© £
3 1450 =
= 2
= 3
g 60 I {1425 2
= o
5 5
E 1400 g
40 | =
1375
20 L . 1350

1.0 1.5 2.0 25 3.0

Leaching time/h
Fig. 10 Effect of leaching time on metal extraction rate and
redox potential (H,O, dosage of 0.8 mL/g, H,O, feeding speed
of 1.0 mL/min, initial H,SO,4 concentration of 1.0 mol/L, initial
HCI concentration of 1.0 mol/L, leaching temperature of 80 °C,

and liquid-to-solid ratio of 5:1 mL/g)

Under the optimum conditions mentioned above,

integrated experiments were conducted by
controlling the redox potential, and the results are listed
in Table 3. In these experiments, approximately 47.3% of
residue was obtained. Additionally, the average leaching
efficiencies of copper, arsenic and iron are 95.27%,
96.82% and 46.65%, respectively.

three

Table 3 Results of integrated experiments

Experiment Leaching efficiency/%
No. Cu As Fe
1 95.31 96.54 46.54
2 94.87 96.03 44.81
3 95.64 97.88 48.59
Average 95.27 96.82 46.65

The chemical composition of the leaching residue is
listed in Table 4. The contents of copper, arsenic and iron
in the leaching residue are 1.39%, 0.71% and 9.34%,
respectively. The XRD and SEM—EDS analyses of the
leaching residue are shown in Figs. 11 and 12,
respectively. The XRD pattern of leach residue shows
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Table 4 Main chemical composition of leaching residue under
optimum conditions (mass fraction, %)

Pb Cu As Fe Cd Zn S
47.32 1.39 0.71 9.34 0.13 0.92 9.08
N —PbSO,
N A *— FC3O4
N A —Si0,
\’/
\/ K
N W )
A \/A *

10 20 30 40 50 60 70 80
20/(°)
Fig. 11 XRD pattern of leaching residue

Element w/% x/%
(0] 2.68 14.04
As 2.09 234
Si 1.17  3.50
S 9.26 24.19
Fe 16.79 25.18
Cu 221 292
Zn 142 1.83
Pb 64.37 26.02

Fe

I 2 3 4 5 6 7 8 9 10

Energy/keV
() Fe Zone B
Element w/% | x/%
si (0} 3.27 | 10.61
As 0.61 0.43
Si 13.70 || 25.33
S 0.87 || 1.41
Ca 0.73 || 0.95
Fe 52.22 || 48.54
- Cu 822 (| 6.72
S Zn 1.68 || 1.33
Pb 18.70 [| 4.68
o
ﬁﬁj Ca Cu _
1 2 3 4 5 6 7 8 9 10
Energy/keV

Fig. 12 SEM image (a) and corresponding EDS patterns (b, c)

of leaching residue
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that the main phases in the leaching residue are PbSO,,
Fe;04 and SiO,, and no phase containing copper or
arsenic is detected, which prove that the extraction of
copper and arsenic from copper smelting dust is good.
Heavy elements, whose atomic number is high, will
appear brighter in the image than light elements, owing
to their strong backscatter electrons. Figure 12 shows
that some bright particles (Zone A) contain a high Pb
content; and some dark particles (Zone B) are composed
of iron, lead, silicon and oxygen, and they are a mixture
of Fe;0,, PbSO, and SiO,. Given consideration on a
better economic value and lower arsenic content, the
leaching residue can be returned to lead smelting
process.

4 Conclusions

1) According to the results of single-factor
experiments, the optimal leaching conditions were
obtained as follows: H,O, dosage of 0.8 mL/g (redox
potential of 429 mV), H,0, feeding speed of 1.0 mL/min,
initial H,SO,4 concentration of 1.0 mol/L, initial HCI
concentration of 1.0 mol/L, leaching temperature of
80 °C, liquid-to-solid ratio of 5:1 mL/g and leaching time
of 1.5 h.

2) Under these optimum conditions, the average
leaching efficiencies of copper, arsenic and iron are
95.27%, 96.82% and 46.65%, respectively. The main
chemical compositions in the leaching residue are PbSOy,,
Fe;0,4 and Si0,, and the leaching residue can be applied
as raw material to a lead smelting plant.

3) The oxidation leaching process can be improved
by combination with control of the redox potential. The
appropriate amount of H,O, can be determined by the
redox potential of the leaching solution, and the end
point of the reaction can be judged effectively.
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e A IR B AL R IR
X464, 13K, HAE, KR, H K
RS e EWEEE, KD 410083

B ZE: RHASMWERBABEAEHIEAR NG HELIR SR, 50 H0, FE. HOp AR, WM ERIRIR
B BHREE . BTG E EOANE BT X 4 R R R . AR BIRNR AR H,0, FIE 0.8 mL/g(%
G JFE ALY 429 mV). HyOp JIANEEEE 1.0 mL/min. HIZATRERVESE 1.0 mol/L. FILEERIRIRE 1.0 mol/L. & HIE
B 80 °C WIHEWIE L 5:1 mL/g LA KR BT IR 1.5 he TESLIRARSEAET,  HvA M A Hh (0 4 AR A 1 A AR B
TR B3R A vV N — R & & A AR UR . I, AR BRI AP IR HEER A N 95.27% 96.82% K1 46.65%.
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