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Abstract: Arsenic is selectively extracted from high-arsenic dust by NaOH—Na,S alkaline leaching process. In the leaching arsenic
process, the effects of alkali-to-dust ratio, sodium sulfide addition, leaching temperature, leaching time and liquid-to-solid ratio on
metals leaching efficiencies were investigated. The results show that the arsenic can be effectively separated from other metals under
the optimum conditions of alkali/dust mass ratio of 0.5, sodium sulfide addition of 0.25 g/g, leaching temperature of 90 °C,
leaching time of 2 h, and liquid-to-solid ratio of 5:1 (mL/g). Under these conditions, the average leaching efficiencies of arsenic,
antimony, lead, tin and zinc are 92.75%, 11.68%, 0.31%, 29.75% and 36.85%, respectively. The NaOH—Na,S alkaline leaching
process provides a simple and highly efficient way to remove arsenic from high-arsenic dust, leaving residue as a suitable lead

resource.
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1 Introduction

Arsenic is toxic and carcinogenic to the human
beings [1,2]. With the improving of environmental
standard, the arsenic containing substances have to be
treated as safe materials [3]. The high-arsenic dust is
generated in pyrometallurgical process, which contains
normally large amounts of valuable metals such as lead,
antimony, zinc and indium. The high-arsenic dust not
only represents potential risk of environmental
contamination but also is a secondary resource, which
should be properly disposed and comprehensively
utilized to obtain economic and
environmental benefits [4,5]. If the dust is directly sent
back to the smelter to recycle the valuable metals, it will
reduce the efficiency of equipment and enhance the
required energy consumption of smelting process [6—8].
Thus, it is necessary to treat the high-arsenic dust
individually to remove arsenic and recover the valuable
metals.

The conventional treatment of arsenic containing
mineral can be classified into two methods:

the maximum

pyrometallurgical and hydrometallurgical processes. The
pyrometallurgical process generally involves anoxic
roasting or reducing roasting at 300—600 °C, in which
arsenic is volatilized as the form of As,O; and then
collected [9,10]. Nevertheless, the collected As,O; dust
requires further processing, and the volatilized arsenic
may result in a source of secondary pollution [11,12].
Therefore, most studies focus on hydrometallurgical
treatments of the dusts, using acid or alkaline
reagents [13]. In most hydrometallurgical processes, the
arsenic is extracted into solution by hot water leaching,
acid  leaching, alkali leaching and pressure
leaching [14—16], then the arsenic is separated and
precipitated from the leaching liquid by lime, ferric salt
and sodium sulfide [17-19].

It is difficult to separate arsenic from high-arsenic
dust by roasting—volatilizing, since arsenic, lead, zinc
and antimony will be volatilized as mixture dust. On the
other hand, the highly toxic arsenic gas might be
produced during the sulfuric acid leaching [14].
Therefore, a combination of hydrometallurgical and
pyrometallurgical processes is chosen for removal of
arsenic and comprehensive utilization of valuable metals
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from high-arsenic dust [20]. Firstly, the arsenic is
selectively leached and separated from high-arsenic dust,
then the residue is sent back to the smelter to recover
lead, antimony and zinc. The arsenic in leach liquor is
recovered in the form of sodium arsenate by
oxidation—crystallization process, and the filtrate is
recycled to leaching step. The obtained sodium arsenate
is transformed to calcium arsenate, which is solidified
with cement and dumped in landfill. In this work, the
NaOH—-Na,S alkaline leaching is adopted to extract
arsenic from high-arsenic dust. The effects of processing
parameters including NaOH/dust mass ratio, sodium
sulfide added, leaching temperature, leaching time and
liquid-to-solid ratio on leaching behaviors of arsenic,
lead, antimony, tin and zinc are investigated.

2 Experimental

2.1 Materials

The high-arsenic dust, which was generated in
copper dross pyrometallurgical process in blast furnace,
was collected from a lead smelter in Guangxi, China.
The dust was dried at 105 °C for 24 h, and ground to
pass through a 150 um sieve. The chemical analysis
results of main elements in high-arsenic dust are listed in
Table 1. The major elements are lead, antimony, arsenic,
sulfur, tin, zinc, iron and copper. The chemical phase
analysis of arsenic is shown in Table 2 by selective
dissolution procedure [21]. As presented in Table 2, over
50% of arsenic exists in the form of lead arsenate. All
chemical reagents used in all experiments were of
analytical grade, manufactured by Xi-long Chemical
Company, China, and deionized water was used in all
experiments.

As presented in Fig. 1, the XRD pattern of high-
arsenic dust shows that the dust consists of lead sulfide

Table 1 Chemical composition of high-arsenic dust (mass
fraction, %)

As Sb Pb Sn Zn
6.86 9.55 49.13 2.8 2.4
Cu Fe S Cd In
1.1 1.8 5.5 0.24 0.26
Bi Na Se Al Ca
0.12 0.24 0.28 0.11 0.29

Table 2 Chemical phase analysis of arsenic in high-arsenic dust

Chemical phase Mass fraction/% Proportion/%
Lead arsenate 4.47 59.34
Oxide phase 2.01 26.75
Sulfide phase 0.62 8.20
zinc arsenate 0.25 3.34
Others 0.18 2.37

= — Lead sulfide
+ — Mimetite

4 — Senarmontite
e — Lead oxide

10 20 30 40 50 60 70 80
20/(°)

Fig. 1 XRD pattern of high-arsenic dust

(PbS), mimetite (Pbs(AsO4); OH), senarmontite (Sb,O;)
and lead oxide (Pb30,).

2.2 Experimental methods

The alkaline leaching experiments were performed
in a 500 mL four-necked round-bottomed flask equipped
with two-flat-blade mechanical agitators, water-cooled
condenser and thermometer. The reflux condenser was
used to prevent evaporation of the solution. During
experiments, the flask was placed in a thermostatic water
bath and the temperature was controlled accurately
within 0.5 °C.

In batch experiments, 60 g high-arsenic dust was
mixed with alkaline leaching reagent containing NaOH,
Na,S and a certain amount of water, and then the slurry
was leached at a stirring speed of 400 r/min at a certain
temperature. Finally, the slurry was filtered; the residue
was washed by hot water. The leach liquor mixed with
the washing water was sent to chemical analysis. The
washed residue was dried in an oven at 105 °C
overnight, pulverized and sent for analysis. The
extraction of arsenic was calculated on the basis of
residue composition and the extraction of other metals
was calculated on the basis of the mixed solution
composition.

2.3 Characterization

The phases of high-arsenic dust and leach residue
were analyzed by X-ray diffraction (Siemens D5000, Cu
K, /=1.542x10" m), and the contents of arsenic in
mixed solution and residue were determined by atomic
fluorescent photometer (AFS—2202E). The contents of
other metals were determined by ICP-MS (IRIS Interpid
I XSP, Thermo Electron Corporation).

3 Results and discussion

3.1 Effect of leaching system
Mimetite, arsenoxide and lead oxide in high-arsenic
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dust will dissolve in alkaline media, and the metal
leaching efficiency is influenced by the conditions. The
probable main reactions in the leaching process are as
follows:

Pbs(AsO,);0H+19NaOH=
5Na,Pb0,+3Na3AsO,+10H,0 (1)
Pb;0,+8NaOH=Na,Pb0,+2Na;PbO;+4H,0 ©)
As,05+6NaOH=2Na;As0;+3H,0 3)
As,05+6NaOH=2Na;As0,+3H,0 @)

Firstly, the single alkaline leaching of high-arsenic
dust was carried out under the following conditions: the
alkali-to-dust mass ratio of 0.5, the reaction temperature
of 80 °C, the reaction time of 2 h, the liquid-to-solid ratio
of 5:1 (mL/g), and the stirring speed of 400 r/min. Under
these conditions, the extraction rates of arsenic, lead,
antimony, zinc and tin are 66.36%, 11.05%, 9.03%,
21.28% and 25.85%, respectively. The contents of
arsenic and lead in the leach liquor are 8.71 g/L and
9.55 g/L, respectively. Due to the ionic equilibrium
existed between As(V) and Pb(II), it is difficult to reach
the high arsenic extraction and the low leaching of
valuable metals simultaneously [19]. Thus, the key to
effectively extract arsenic from high-arsenic dust is to
decrease the concentrations of Pb(Il) in the solution.
Metal sulphide precipitation is an important method for
recovering valuable metals due to the low solubility of
metal sulphide precipitates [22]. The addition of sodium
sulfide can effectively decrease the concentrations of
lead in the solution.

Na,PbO,+Na,S+2H,0=PbS+4NaOH &)
2Na;PbO;+3Na,S+6H,0=2PbS+12NaOH+S (6)

So, much higher extraction of arsenic and
separation arsenic from valuable metals cannot be easily
achieved under the single alkaline leaching conditions.

The mixed alkaline leaching experiments are further
conducted.

3.2 Effect of alkali/dust mass
extraction rate

ratio on metal

Alkali/dust mass ratio is the most important factor
in metals extraction. Figure 2 shows the effects of
alkali/dust ratio on the extraction rate of metals in the
leaching process in the alkali/dust ratio range of 0.1-1.

It can be seen from Fig. 2 that the extraction rate of
tin increases with the increase of alkali/dust ratio from
0.1 to 0.3 and raise slightly with further increasing
alkali/dust ratio. The extraction rates of lead, zinc and
antimony increase steadily with the increase of
alkali/dust ratio. The arsenic extraction -efficiency
obviously increases with the increase of alkali/dust ratio
from 0.1 to 0.6 and reaches the maximum of 89.26%,

and then decreases with the further increasing alkali/dust
ratio. On one hand, since the solubility of lead or zinc
arsenite and arsenate is very low, for example,
Kpip, (450, =40X107, Kz (a50,,) =2:8x10°, an
ionic equilibrium between As(V) and metal ions Pb(II)
and Zn(II) exists in the solution [19]. On the other hand,
the solubility of As,Os decreases when content of Na,O
increases [14]. Therefore, the extraction of arsenic is
inhibited at high alkali/dust ratio. For the purpose of high
extraction of arsenic and effective separation of arsenic
from other elements, the appropriate alkali/dust mass
ratio is determined as 0.5.
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Fig. 2 Effect of alkali/dust mass ratio on metal extraction rate
(sodium sulfide addition of 0.15 g/g, leaching temperature of
80 °C, leaching time of 2 h, liquid-to-solid ratio of 5:1 (mL/g))

3.3 Effect of sodium sulfide on metal extraction rate

The addition of sodium sulfide also plays a great
significant role in leaching process. Sodium sulfide
effects on the extraction rates of metals in the leaching
process are shown in Fig. 3.
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Fig. 3 Effect of sodium sulfide on metal extraction rate
(alkali-to-dust mass ratio of 0.5, leaching temperature of 80 °C,
leaching time of 2 h, liquid-to-solid ratio of 5:1 (mL/g))



578 Xue-yi GUO, et al/Trans. Nonferrous Met. Soc. China 26(2016) 575-580

From Fig. 3, the extraction rate of tin does not
change obviously with the sodium sulfide. The extraction
rate of lead decreases from 5.57% to 0.12% with
increasing sodium sulfide. The leaching efficiencies of
arsenic and zinc obviously increase with the increase of
sodium sulfide and reach 92.81% and 36.03%,
respectively, under sodium sulfide amount of 0.25 g/g.
Further increasing sodium sulfide addition, the leaching
efficiencies remain relatively steady. Along with the
increase of sodium sulfide, the precipitation of Pb(II)
with S*” releases free OH™ (Eqs. (5) and (6)), resulting in
the massive dissolution of zinc. On the other hand, the
decreased Pb(II) concentration in the solution results
in accelerating decomposing of mimetite (Egs. (1)).
However, once the sodium sulfide added surpasses a
certain amount, excessive S* will react with antimony,
which leads to substantial increase in antimony
concentration. So, the extraction of antimony increases
negligibly before sodium sulfide reaching 0.2 g/g, but the
leaching efficiency of antimony increases rapidly from
8.19% to 24% when the sodium sulfide increases from
0.2 g/g to 0.35 g/g. Based on the above results, the
appropriate addition of sodium sulfide is chosen to be
0.25 g/g.

3.4 Effect of leaching temperature on metal
extraction rate

The effect of leaching temperature on the extraction
rates of metals is presented in Fig. 4. It can be seen that,
the extraction rate of zinc does not change obviously as
the leaching temperature increases. The leaching
temperature has a significant effect on the lead
dissolution, which decreases from 2.53% to 0.19% with
leaching  temperature leaching
efficiencies of arsenic, antimony and tin increase with
leaching temperature, which can be due to the solubility

increasing.  The
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Fig. 4 Effect of leaching temperature on metal extraction rate
(alkali-to-dust mass ratio of 0.5, sodium sulfide addition of
0.25 g/g, leaching time of 2 h, liquid-to-solid ratio of
5:1 (mL/g))

change of arsenic, antimony and tin at different
temperatures. With the increase of leaching temperature
from 30 °C to 90 °C, the extraction rates of arsenic,
antimony and tin increase from 58.16%, 8.76% and
23.73% to 92.36%, 12.26% and 28.87%, respectively.
Given consideration on arsenic extraction and energy
consumption, 90 °C is determined to be the optimum
leaching temperature.

3.5 Effect of leaching time on metal extraction rate

Figure 5 presents the effect of leaching time on the
leaching efficiencies of arsenic, antimony, lead, zinc and
tin. It can be seen that the extractions of antimony and tin
do not change obviously with the leaching time. The
extraction rates of arsenic and zinc increase apparently
with the increase of leaching time and reach 92.88% and
37.7%, respectively, when the time is up to 2 h, and
remain relatively stable with further increasing. The
extraction rate of lead decreases from 1.56% to 0.22%
with the leaching time increasing from 0.5 to 2 h. Further
prolonging leaching time, the extraction has only
negligible change. Given higher arsenic extraction and
lower energy consumption, the leaching time is fixed at
2 h.
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Fig. 5 Effect of leaching time on metal extraction rate
(alkali/dust mass ratio of 0.5, sodium sulfide addition of

0.25 g/g, leaching temperature of 90 °C, liquid-to-solid ratio of
5:1 (mL/g))

3.6 Effect of liquid-to-solid ratio on metal extraction
rate

The effect of liquid-to-solid ratio on the leaching
efficiencies of arsenic, antimony, lead, zinc and tin in
leaching process is shown in Fig. 6.

It can be seen that the extraction rate of lead does
not change obviously with the liquid-to-solid ratio. The
extraction rate of arsenic apparently increases with the
increase of liquid-to-solid ratio from 3 to 5 and reaches
the maximum of 91.24%. Further increasing has a
marginal effect on arsenic extraction rate. Meanwhile,
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the antimony, tin and zinc show an opposite leaching
behavior to the arsenic. The leaching efficiencies of
antimony, tin and zinc decrease from 26.88%, 49.51%
and 58.18% to 5.62%, 14.18% and 15.16%, respectively,
with the range of liquid-to-solid ratio from 3 to 10, which
are attributed to the decrease of OH concentration in
leach liquor. However, the decrease of loss of valuable
metals by increasing liquid-to-solid ratio is accompanied
with the decrease of production capacity. Therefore, the
optimum liquid-to-solid ratio is fixed at 5:1(mL/g).
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Fig. 6 Effect of liquid-to-solid ratio on metal extraction rate
(alkali-to-dust mass ratio of 0.5, sodium sulfide addition of
0.25 g/g, leaching temperature of 90 °C, leaching time of 2 h)

3.7 Optimum conditions and residue characterization

Base on the results of factorial experiments, the
optimum conditions are determined as: alkali/dust mass
ratio of 0.5, sodium sulfide addition of 0.25 g/g, leaching
temperature of 90 °C, leaching time of 2 h, and liquid-to-
solid ratio of 5:1 (mL/g). The optimum experiment was
repeated three times, and the results are listed in Table 3.
The average leaching efficiencies of arsenic, antimony,
lead, tin and zinc are 92.75%, 11.68%, 0.31%, 29.75%
and 36.85%, respectively.

Table 3 Results of optimum leaching experiments

Experiment Leaching efficiency/%
No. As Sb Pb Sn Zn
1 92.26 12.21 022 2878  35.65
2 93.01 11.28 029  29.65 38.16
3 92.97 11.55 042 30381 36.75
Average 92.75 11.68 0.31 29.75  36.85

The chemical composition and XRD analysis of the
leach residue are listed in Table 4 and Fig. 7. The XRD
pattern of leach residue shows that the main phases in the
leach residue are galena (PbS), mopungite (NaSb(OH)e)
and senarmontite (Sb,O;), and no phase containing
arsenic is detected, which prove that the removal of

arsenic from high-arsenic dust is good. The contents of
lead and antimony in leach residue are 59.26% and
10.25%, respectively. Given consideration on a better
economic value and lower arsenic content, the leach
residue can be recycled as raw material to a lead
smelting plant.

Table 4 Chemical composition of leach residue under optimum
conditions (mass fraction, %)

As Sb Pb Sn Zn Cu
0.58 10.25 59.26 2.47 2.14 1.35
Fe S In Na Al Ca
222 9.77 0.47 2.03 0.04 0.21

= — [ead sulfide
4 — Mopungite
® — Senarmontite

10 20 30 40 50 60 70 80
Fig. 7 XRD pattern of leach residue
4 Conclusions

1) Base on the results of factorial experiments, the
optimum conditions for the extraction of arsenic from
high-arsenic dust are determined as: alkali-to-dust mass
ratio of 0.5, sodium sulfide addition of 0.25 g/g, leaching
temperature of 90 °C, leaching time of 2 h, and liquid-to-
solid ratio of 5:1 (mL/g).

2) Under these optimum conditions, the average
leaching efficiencies of arsenic, antimony, lead, tin and
zinc are 92.75%, 11.68%, 0.31%, 29.75% and 36.85%,
respectively. And arsenic extraction rate is greatly
influenced by the alkali-to-dust ratio, sodium sulfide
addition, leaching temperature and liquid-to-solid ratio.

3) The main chemical compositions in leach residue
are PbS, NaSb(OH)¢ and Sb,0;, and the content of
arsenic is below 1%. The leach residue could be applied
as raw material to a lead smelting plant.
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