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Abstract: The selective removal of arsenic from arsenic-bearing dust containing Pb and Sb in alkaline solution was studied. The
influence of NaOH concentration, temperature, leaching time, liquid to solid ratio, and the presence of elemental sulfur on the
dissolution of As, Sb and Pb in NaOH solution was investigated. The results indicate that the presence of elemental sulfur can
effectively prevent leaching of lead and antimony from arsenic. The Sb,0O3, As,O; and Pbs(AsO,4);OH in the raw material convert to
NaSb(OH)s and PbS in the leaching residue, while arsenic is leached out as As(IIT) or As(V) ions in the leaching solution. Arsenic
leaching efficiency of 99.84% can be achieved under the optimized conditions, while 97.82% of Sb and 99.97% of Pb remain in the
leach residue with the arsenic concentration of less than 0.1%. A novel route is presented for the selective removal of arsenic and
potential recycle of lead and antimony from the arsenic-bearing dust leached by NaOH solutions with the addition of elemental

sulfur.
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1 Introduction

Arsenic is a harmful chemical element to both
and animals [1], which may hurt the
gastrointestinal tract, skin, hematopoietic system,
cardiovascular system and nervous system after
chronical exposure [2]. However, most of the nonferrous
metallurgical industries are facing the arsenic pollution
problem [3], due to the generation of arsenic-bearing
wastes during production, such as smelting slag, dust,
and anode slime [4]. Among these arsenic-bearing
wastes, arsenic-bearing dust is the most common
contaminant obtained in nonferrous pyrometallurgical
processes at 600—800 °C, in which the trivalent arsenic
(As,03) vapor forms [5,6]. Moreover, the arsenic-bearing
dusts still contain certain useful metal elements, such as
lead, antimony, copper and indium [7]. Unfortunately,
the arsenic-bearing dust cannot be recycled back to the
smelting process, and is usually treated with special
landfill as a hazardous waste, resulting in environment
pollution and resource waste [8,9]. Therefore, it is
meaningful to develop an effective way to

humans

comprehensively process the arsenic-bearing dust in an
environmentally-sound manner [10].

Both pyrometallurgical and hydrometallurgical
processes can be used for arsenic removal [11]. In the
pyrometallurgical process, arsenic will sublimate before
collection in the form of arsenic oxide [12]. But,
there are disadvantages associated with the
pyrometallurgical process [13], for example, the
incomplete collection of arsenic-bearing dust and high
energy consumption [14,15].  Therefore, many
researchers conducted investigations on arsenic removal
with hydrometallurgical methods using dilute H,SO4
leaching [16], NaHS—NaOH leaching [17], pressure
leaching with H,SO, [18] or NaOH solutions [19],
butyl alcohol/heptane leaching, etc. Nevertheless, most
metallic elements in arsenic-bearing materials will be
dissolved in the leaching solutions, leading to increasing
difficulty in the subsequent separation of metallic
elements during subsequent processing [20]. Thus, it is
important to develop a novel technology for selective
extraction of arsenic and recovery of the valuable
metal elements. With the presence of sulfide ions [21],
the heavy metals in arsenic-bearing materials cannot be
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dissolved in the alkaline solution, which implies the
potential application of mixed NaOH—-Na,S or
NaOH—NaHS solutions to treat the arsenic-bearing dust.
TONGAMP et al [16] used NaOH—NaHS to selectively
leach arsenic from enargite (Cu;AsS4). However, they
did not study the behaviors of metal impurities during
leaching. These leaching media are unsuitable for the
treatment of Sb(Ill)-containing arsenic-bearing dust,
because Sb(IIl) easily transforms to dissolved SbS3~
and SbO3™ in alkaline solutions containing S* [22].

The arsenic-bearing dust generated from treating
jamesonite in the pyrometallurgical process usually
contains a considerable amount of lead, arsenic and
antimony. In our previous work [8], the mixed
NaOH—Na,S leaching agent was used to treat the
arsenic-bearing dust. It was found that the lead could be
restrained in the residue with a high leaching efficiency
of antimony. Therefore, a new and effective method was
proposed in this work for the selective removal of arsenic
from arsenic-bearing dust using NaOH solutions with the
addition of elemental sulfur. The effects of leaching
parameters including NaOH concentration, liquid to solid
ratio (L/S), time, temperature, and elemental sulfur on
extraction of lead, antimony and arsenic were
systematically investigated. Additionally, the leaching
mechanism of the arsenic-bearing dust in NaOH
solutions with the addition of elemental sulfur was
explained for the better understanding of the leaching
process [9].

2 Experimental

2.1 Materials

The arsenic-bearing dust samples were generated
from blast furnace smelting of copper dross in a lead
smelter located in Guangxi Province, China. The
arsenic-bearing dust samples were dried, ground, and
sieved with a 100 mesh sieve. Their XRD pattern and
chemical composition are shown in Fig. 1 and Table 1,
respectively. The major elements of the sample are lead,

. =—PbS
. o — As,04
4 —Sb,04
v — Pb;As,04

+ — Pby(AsO,);0H

[ 2 d

10 20 30 40 50 60 70 80
20/(°)
Fig. 1 XRD pattern of arsenic-bearing dust sample

Table 1 Chemical composition of arsenic-bearing dust (wt.%)
Pb  As Sb S Zn Sn Fe Cu In
46.30 11.27 11.00 4.41 3.06 246 032 0.11 0.31

arsenic and antimony with their phase compositions of
PbS, Asy03, Sb,03, Pb;As,Og and Pbs(AsO,);OH.
Sodium hydroxide (NaOH, 95% in purity) and
sulfur (analytically pure) used in the experiments were
produced by Sinopharm Chemical Reagent Co., Ltd.
Deionized water was used throughout the experiments.

2.2 Procedure

The experiment was carried out in a 1200 mL
four-neck round-bottom flask, which was placed in a
water bath with precise temperature control (£1.0 °C). A
certain volume of NaOH solution was put into the flask,
and heated to a preset temperature. Subsequently, 100 g
arsenic-bearing dust was added into the flask, stirred by a
mechanical stirrer with three parallel blades at 450 r/min.
The water-cooled condensate reflux was installed at the
top of the flask to prevent the evaporation of solution.
After a certain duration, the slurry was filtered using
vacuum filtration. The obtained filtrate was analyzed to
determine the leaching efficiencies of arsenic, lead and
antimony. The residue was washed four times with
deionized water, and then was dried, pulverized before
analysis for its phases and chemical composition.

2.3 Characterization

The solid samples were analyzed by X-ray
diffractometer (XRD, Japanese Rigaku Corporation)
using Cu K, radiation with a step size of 0.01° and a
scanning rate of 9 (°)/min. The arsenic content was
detected by an atomic fluorescence spectrometry
(AFS—2201E, Hagang Corp., Shenzhen, China). The
contents of other elements were detected by inductively
coupled plasma optical emission spectrometer (ICP-OES,
Intrepid II XSP, Thermo Elemental Corporation,
America).

3 Results and discussion

3.1 Leaching experiments
3.1.1 Effect of NaOH concentration

The effects of NaOH concentration on the leaching
of arsenic, antimony and lead are shown in Fig. 2. The
leaching efficiencies of metal elements increase with
increasing sodium hydroxide concentrations up to
3 mol/L. With further increase of the sodium hydroxide
concentration, the leaching efficiency of arsenic levels
off, while the leaching efficiencies of antimony and lead
still increase. At a NaOH concentration of 3 mol/L, the
leaching efficiencies are 88.36%, 21.36% and 14.32%
for As, Sb and Pb, respectively. The possible reason is
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that arsenite is the main As-bearing phase in the arsenic-
bearing dust, whose solubility increases rapidly with the
increase of NaOH concentration [23]. Meanwhile, the
hydroxide of Pb(I) and Sb{Il) form hydroxyl
complexes including Pb(OH)*™ and Sb(OH)3™
in concentrated alkaline solutions, resulting in high
leaching efficiencies of lead and antimony [24,25]. The
chemical reactions taking place in the leaching process
could be expressed as Eqs. (1)—(4). Because of the
separation of the solid and liquid phases becomes very
difficult when the NaOH concentration keeps at a high
level [26], 3 mol/L NaOH solution is adopted in the
following experiments.

As,05+20H =2As0; +H,0 (1)
Pb3As,05+60H =2As0; +3Pb(OH), )
Pb(OH),+(n—2)OH =Pb(OH)'*™ (3)
Sb,03+2(m—3)OH +3H,0=2Sb(OH)>™ 4)
(n, m=1-4)
100
. 80F g
N —a— As
§ —e—Sb
2 60 - —A— Pb
g
2 40t
=
Q
5
= 20} //./,/‘/"
0 1 1 L 1 1
1 2 3 4 5 6

C(NaOH)/(mol-L1)
Fig. 2 Effect of NaOH concentration on leaching efficiencies of
arsenic, antimony and lead (L/S=8, 80 °C, 2 h)

3.1.2 Effect of leaching temperature

The effects of temperature on the leaching
efficiencies of arsenic, antimony and lead are presented
in Fig. 3. The leaching efficiency of arsenic increases
from 63.92% to 81.62% with the increase of temperature
from 50 to 100 °C. This observation is consistent with
the work by BALAZ et al [27]. However, temperature
has little impact on the leaching rate of lead, which is
different from that of arsenic. The leaching of antimony
remains relatively constant at low temperatures, and then
increases rapidly at temperatures over 90 °C, due to
easier dissolution of Sb,O; in hot NaOH solutions [28].
Based on these results, 90 °C is chosen for selective
removal of arsenic from the arsenic-bearing dust.
3.1.3 Effect of liquid to solid ratio

As shown in Fig. 4, the effect of liquid to solid ratio
(from 3 to 10) on the leaching efficiencies of arsenic,

100
. 80r
=
% —a— As
§ 60 L —eo— Sb
Q
2 —A— Pb
o
& 40t
=)
Q
8 ._——4—0——0——”'/.
— 20
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Temperature/°C

Fig. 3 Effect of temperature on leaching efficiencies of arsenic,
antimony and lead (3 mol/L NaOH, L/S=8, 2 h)
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Fig. 4 Effect of L/S ratio on leaching efficiencies of arsenic,
antimony and lead (3 mol/L NaOH, 90 °C, 2 h)

antimony and lead indicates that the leaching efficiencies
of arsenic, antimony and lead increase from 70.46%,
9.61% and 1.41%, to 91.14%, 22.39% and 15.03%,
respectively, with the increase of L/S ratio from 3 to 10.
It is the fact that the mass transfer within the liquid—solid
interface becomes faster at a higher L/S ratio [29].
Considering the consumption of water and the leaching
efficiencies of arsenic, antimony and lead, the optimum
L/S ratio of 8 is determined.
3.1.4 Effect of leaching time

The effects of leach time on the leaching
efficiencies of arsenic, antimony and lead in NaOH
solutions are presented in Fig. 5. The result shows that
the leaching efficiency of arsenic increases gradually
with reaction time, whereas the leaching efficiencies of
antimony and lead decrease rapidly. The leaching
efficiency of arsenic raises from 66.30% to 81.48%, with
the increase of leaching time from 10 to 90 min,
However, with the continuous increase of reaction time
beyond 90 min, the leaching of arsenic is barely changed.
The leaching efficiencies of antimony and lead at 10 min
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reach 46% and 28%, respectively. This can be explained
by the easy dissolution of Sb(Ill) and Pb(II) in NaOH
solution as Sb(OH)®™ and Pb(OH)™, respectively.
Furthermore, according to the study by OZGE [23],
Sb(III) can be easily oxidized at Egyvyspany<—450 mV
when pH>13, so part of antimony is expected to be
oxidized by the dissolved oxygen in the system and then
precipitates as Na[Sb(OH)s] (Ksp=8.89X1076). Moreover,
the concentration of NaOH decreases gradually with its
continuous consumption, resulting in de-hydrolyzation of
Pb(OH)ff_" ) forming PbO, followed by its precipitation
in the form of 3PbO-Sb,O,. Therefore, the leaching
efficiencies of antimony and lead reduce gradually with
prolonged reaction time. In order to ensure high arsenic
extraction, low antimony and lead loss, and low energy
consumption, 1.5 h is determined to be the optimum
reaction time.

100
80+
—a— As
—e— Sb
60 —a—Pb

40

20 \‘\"-\A* A

r

Leaching efficiency/%

1

0 50 100 150 200 250 300

Time/min

Fig. 5 Effect of leaching time on leaching efficiencies of
arsenic, antimony and lead (3 mol/L NaOH, L/S=8, 90 °C)

3.1.5 Effect of addition of elemental sulfur

According to the above results, it is difficult to
achieve the effective extraction of arsenic while
maintaining low extractions of antimony and lead.
Decreasing the dissolutions of antimony and lead in the
solution is key to the selective removal of arsenic from
the dust, which may be achieved by forming the metal
sulfide precipitates. The NaOH-S leaching system
provides an opportunity for the low dissolution of
antimony and lead, resulting from the formation of
sodium sulfide (Na,S) and sodium polysulfide (Na,S,) in
the solution, according to the reaction equations (5)
and (6) [30]. The solubility of Sb(V) is lower than Sb(III)
in aqueous solution, and the Sb(II) can be oxidized
by sodium polysulfide (Na,S,) to Sb(V) in NaOH—S
system [31,32]:

48°+60H =S,03 +28* +3H,0 (5)
ST +(x-1)S"=8%" (x=2-5) (6)

Sulfur in arsenic-bearing dust is mainly found in

lead sulfide and arsenic sulfide, and the leaching
behavior of sulfur in NaOH-S leaching system is further
discussed. E,—pH diagrams reflecting the experimental
conditions used in this research were calculated using
thermodynamic data taken from relevant literatures [32].
The diagrams were constructed using molarities, since
representative activity coefficients were not readily
available due to the complex nature of the solutions in
this system.

The E,—pH diagram for the S—H,O system is shown
in Fig. 6. The sulfur activity is 0.1. It is found that H,S,
S, HSO,, SO; , HS and S* are stable in the
H,O-stable region (i.e., the region between lines @ and b).
With the increase of pH value, the area where sulfur is
stable decreases gradually. When the pH value of the
system is higher than 8.5, sulfur is mainly present in the
form of SO; , HS and S

1.6

121
0.8
04F
or "

E/V

04}
-08}

-127¢
-1.6
=2

6 2 4 6 8 1I0 1I2 14 16

pH
Fig. 6 E,—pH diagram of S—H,0O system at 298 K (Sulfur
activity is 0.1)

The distribution coefficient of sulfur at different
acidic values is studied by thermodynamic analysis,
according to Egs. (7) and (8):

S* +H,0=HS +OH" (7)
HS +H,0=H,S+0OH" (8)

Figure 7 shows the distribution coefficient of sulfur.
It is apparent that as the acidity of the system decreases,
the distribution coefficient of H,S decreases gradually.
When the pH value is larger than 13, HS distribution
coefficient decreases while S*  distribution coefficient
increases. The sulfur in a highly alkaline solution occurs
generally in the form of $*.

The possible leaching reactions are discussed as
follows. Thermodynamic data for the various species
expected to be present in this system at 298 K are
presented in Table 2. Table 3 shows that A.GS for all
of these reactions are negative and the K3 values are
very large. The thermodynamic calculation results
indicate that these reaction equations are susceptible to
take place.
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Distribution coefficient

Fig. 7 Evolution of various sulfur-bearing species as function
of pH at constant temperature of 298 K

From the above analysis on the thermodynamics of
the NaOH—-S system, it is apparent that its chemical
reactions are very complex. It is generally accepted that
the disproportionation reaction of sulfur would take place
in an alkaline solution, resulting in the formation of
polysulfide (see Reactions (5) and (6)). At the same time,
it should be noted that the Sb(III) can be oxidized by the
newly-formed sodium polysulfide (Na,S,) to Sb(V) in
the NaOH-S system. Subsequently, Sb(V) can be
hydrolyzed and form NaSb(OH)s easily. The solubility of
NaSb(OH)s in the solution is very low under alkaline
condition, and most antimony in the leaching solution
enters the residue in the form of NaSb(OH)s. Besides,
Na,S reacts with PbO;~ and ZnO3™ in the leaching

Table 2 Thermodynamic data of relevant species

2217

solution to produce lead sulfide and zinc sulfide that are
difficult to dissolve in water, which can be represented
by Egs. (9) and (10). The concentrations of PbO%’ and
Zn0O3~ ions in the leaching solution decrease
significantly, and the equilibrium of the leaching reaction
of lead sulfide and zinc sulfide as shown in Egs. (11),
(12) and (13) shifts to the right, which promotes the
leaching of arsenic in lead sulfide and zinc sulfide, and
improves the leaching rate of arsenic. At the same time,
lead and zinc remain in the leach residue in the form of
sulfides, minimizing the dissolution of lead and zinc in
the leaching process. In summary, with the presence of
elemental sulfur, arsenic can be effectively leached out as
As(IIT) or As(V) ions. And the Sb,O; As,O; and
Pbs(AsO,);OH in the raw material are converted to
NaSb(OH)s and PbS in the leaching residue.

N32Pb02+NaQS+2H20:PbS+4NaOH (9)

Na,ZnO,+Na,S+2H,0=7ZnS+4NaOH (10)

Pbs(AsO,);OH+19NaOH =
5Na,PbO,+3Na3;AsO4+10H,0 (11)

Pb,As,07+10NaOH=2Na,Pb0,+2Na3;AsO,+5H,0 (12)
As,0;+2NaOH= 2NaAsO,+H,0 (13)

Zn3(AsQO4),+12NaOH =3Na,Zn0, +2Na3;AsO,+6H,0
(14)
The effects of the addition of elemental sulfur on
the leaching efficiencies of arsenic are presented in Fig. 8.
The result in Fig. 8 indicates that the leaching of arsenic
increases with the addition of elemental sulfur, with the

Species AG®/(KI-mol ™) Species AG®/(KI-mol ™) Species AG®/(KI-mol ™)
Pbs(AsO,4);0H —2690.78 NaAsO, -611.91 Sb,0; —628.5
Pb,As,0; ~1570.53 Na3AsS; ~1245.63 Sb,0s -829.14
As,05 -576.26 Na,$S -438.1 NaSb(OH), —1487.51
As,S; -168.74 PbS -98.7 Na,$,0; -1046.75
Zn;(AsOy), -1738.1 NaOH —419.20 Sb,0s -829.86
Na3AsO, ~1435.22 H,0 -237.14 ZnS -201.44
All data are from manual of thermodynamics [33-35]
Table 3 Thermodynamic calculation results of relavant reaction equations
Reaction equation Aan(? /(kJ-mol ") K?
Pbs(AsO4);OH+5Na,S=5PbS+3Na;AsO,+NaOH —333.99 3.51x10%®
Pb,As,0,+2Na,S+2NaOH=2PbS+2Na;As0,+H,0 -19.85 3.02x10°
As,05+2NaOH=2NaAs0,+H,0 —46.3 1.31x10°
Sb,05+18NaOH+10S=2NaSb(OH)s+2Na,S,05+3H,0+6Na,S —234.44 1.24x10%
Sb,0s+2NaOH+5H,0 =2NaSb(OH) -121.78 2.22x10*
Zn3(As04),+3Na,S =3ZnS +2Na3;AsO, —422.36 1.08x107
As,S;+4NaOH=Na;AsS;+NaAsO,+2H,0 —486.28 1.74x10%
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Fig. 8 Effect of elemental sulfur on leaching efficiency of

arsenic (3 mol/L NaOH, L/$=8, 90 °C)

arsenic leaching efficiency of about 99.59% within
60 min at sulfur addition of 10 wt.%. The addition
of sulfur promotes arsenic extraction, likely due to
dissolution of elemental sulfur in the solution which
acted as a lixiviant for the dissolution of arsenic [31], as
represented by Eq. (15) and (16) [30]. Thus, the highly-
efficient leaching of arsenic can be achieved in NaOH—S
solutions.

As,05(s, in dust)+6S* —2AsS; +60H" (15)
As(V)(s, As—Pb compounds in dust)+S* = AsSi_ (16)

As shown in Figs. 9 and 10, the leaching
efficiencies of antimony and lead decrease rapidly with
the leaching time with the addition of elemental sulfur.
The leaching rate of antimony is barely changed with
3.75 wt% sulfur addition, while lead is nearly
unextracted with the addition of 3.75 wt.% sulfur after
60 min. This indicates that sulfur addition favors the
precipitation of lead prior to the precipitate of antimony.
Furthermore, the dissolution of antimony apparently can
be prevented with the addition of 7.5 and 10 wt.% of

50
= —NaOH 3 mol/L

e —NaOH 3 mol/L, S 3.75 wt.%
40 4+ —NaOH 3 mol/L, S 7.50 wt.%
v —NaOH 3 mol/L, S 10.00 wt.%

30 -

20

10 -

Antimony leaching efficiency/%

0 50 100 150 200 250
Time/min
Fig. 9 Effect of elemental sulfur on leaching efficiency of
antimony (3 mol/L NaOH, L/S=8, 90 °C)
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v —NaOH 3 mol/L,S 10.00 wt.%

0 50 100 150 200 250

Time/min
Fig. 10 Effect of elemental sulfur on leaching efficiency of lead
(3 mol/L NaOH, L/5=8, 90 °C)

sulfur after 60 min. With the gradual precipitation of
antimony and lead in the leaching solution, the amount
of sodium sulfide residue in the leaching solution
increases gradually. However, with the prolonging of the
leaching time, the equilibrium of the Na;SbS, hydrolysis
reaction moves to the left, resulting in the partial
re-dissolution of NaSb(OH)s from the residue into the
solution. During the experiment, the concentration of
alkali in the leaching solution gradually increases from
1.32 to 1.61 mol/L. Due to the leaching of arsenic,
antimony and lead, the optimal conditions are 10% sulfur
addition and leaching time of 1.5 h.

Figure 11 shows a schematic diagram for the
reaction sequence of lead and antimony in the NaOH-S
solution. The lead and antimony are firstly dissolved as
Pb(OH)?™ and Sb(OH)? ™™, respectively. Then, the
lead precipitates as PbS by reacting with S*, and the
antimony precipitates as Na[Sb(OH)s] by the processes
of oxidation, hydrolyzation and precipitation. The
relevant reactions are listed as follows.

1) The reaction sequence of lead

Extraction:

Pb(II)(s, As—Pb compounds in dust)+nOH =—

Pb(OH)Z™ (17)
Precipitation:

Pb(OH)? ™ +§ =PbS(s)+nOH (18)
2) The reaction sequence of antimony [30,31]
Extraction:

Sb,05+2(m—3)OH +3H,0==2Sb(OH)>™™ (19)

Sb(OH)®™™ +38% = 2SbST +mOH~ (20)
Oxidation:

(x—1)SbS}™ +82” = (x—1)SbS}™ +S8* (21)
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Reaction processes of lead:

v U‘.

Extraction process

®o H @ PHb(OH)@™
Reaction processes of antimony:

Precipitation process

® Na ®o0 H @®Sb S

OH" Pb(OH)Z™

@ s

S @

Precipitation process

@D Solid phase

S2-
o © &
&
® o SbS}”

Hydrolyzation process

@ Sb(OH), A Solid phase

Fig. 11 Schematic diagram demonstrating reaction sequence of lead and antimony in NaOH—S solutions

Hydrolyzation:
SbS;” +60H = SbOj +4S> +3H,0 (22)
SbO3 +3H,0=Sb(OH)4 (23)
Precipitation:
Sb(OH); +Na'=Na[Sb(OH)s](s) (24)

Therefore, the overall reaction between elemental S
and Sb,0; in NaOH solution appears as follows:

(x—1)Sb,05(s)+2(x-+1)S+6xNaOH+3(x—2)H,0=

2(x—1)Na[Sb(OH)g](s)+2xNa,S+N2,S,0; (x=2-5)
(25)

3.2 Leaching of main metals in leaching process

The leaching efficiencies of main elements from the
dust in the leaching process are listed in Table 4. The
result indicates that the addition of elemental sulfur
obviously prevents the extraction of antimony, tin and
zinc, while improves the leaching efficiency of arsenic.
Meanwhile, the enhanced leaching efficiency of sulfur in

leachate proves the dissolution of sulfur in NaOH
solutions, as shown in Egs. (5) and (6).

The results of chemical and XRD analyses for the
leaching residue are presented in Table 5 and Fig. 12.
The main elements in the leaching residue are Pb, Sb and

Table 4 Leaching efficiencies of main elements from
arsenic-bearing dust in leaching process (L/S=8, 3 mol/L NaOH,
90 °C, 1.5 h)

Sulfur Leaching efficiency/%

addition/wt.% As Sh Pb Zn Sn S

0 81.06 25.72 1576 16 46.44 2.86

10 99.84 218 0.03 0.26 4227 51.32

Table 5 Chemical compositions of leaching residue (3 mol/L
NaOH, L/S=8, 10% of sulfur, 90 °C, 1.5 h) (wt.%)

Pb As Sb S Zn Sn Fe Cu In

569 0.076 133 934 358 150 036 0.14 041
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Fig. 12 XRD patterns of solid samples before and after
leaching: (a) Arsenic-bearing dust sample; (b) Leaching residue
without adding sulfur (3 mol/L NaOH, L/S=8, 90 °C, 1.5 h);
(c) Leaching residue with sulfur addition (3 mol/L NaOH,
L/§=8, 10% of sulfur, 90 °C, 1.5 h)

S, with the compounds of PbS, NaSb(OH)s when
elemental sulfur is added in the leaching process.
However, the characteristic peaks of Pbs(AsQO,);OH and
3PbO-Sb,0s still exist for the leaching process without
sulfur addition, which can be eliminated with the
addition of elemental sulfur. All of these prove the
effectiveness of selective removal of arsenic by using
NaOH-S solutions.

The optimum conditions for the removal of arsenic
from arsenic-bearing dust are 10% sulfur addition with
L/S ratio of 8 in 3 mol/L NaOH solution at 90 °C for
1.5 h. Under these conditions, the arsenic leaching
efficiency of 99.84% is achieved with little dissolution of
antimony and lead, resided in the leaching residue.

4 Conclusions

(1) A novel process for the selective removal of
arsenic and potential recycle of lead and antimony from
the arsenic-bearing dust leached by NaOH solutions with
the addition of elemental sulfur is proposed.

(2) With the presence of elemental sulfur, arsenic
can be effectively leached out as As(IIl) or As(V) ions in
the leaching solution. And the Sb,O; As,O; and
Pbs(AsO,);OH in the raw material convert to NaSb(OH)g
and PbS in the leaching residue. Under the optimum
conditions of 10 wt.% sulfur addition with L/S ratio of 8
in 3 mol/L NaOH solution at 90 °C for 1.5 h, the arsenic
leaching efficiency of 99.84% can be achieved, while
97.82% of Sb and 99.97% of Pb remain in the leach
residue with the arsenic content of about 0.076%.

(3) Leaching of arsenic-bearing dust by NaOH—S
solutions can be utilized for the selective removal of

Xue-yi GUO, et al/Trans. Nonferrous Met. Soc. China 29(2019) 2213-2221

arsenic with potential recycle of lead and antimony from
arsenic-bearing dust.
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