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Abstract: The feasibility of a new method for separating arsenic from arsenic—antimony-bearing dusts using CuS was
put forward, in which Sb was transformed into Sb,O, and Sb,S; that stayed in the roasted calcine while As was
volatilized in the form of As;O¢. The factors such as roasting temperature and CuS addition amount were studied using
XRD, EPMA and SEM—-EDS. CusS has an active effect on the separation of arsenic due to the destruction of (Sb,As),03
structures in the original dust and the simultaneous release of As in the form of As4O4. At a roasting temperature of
400 °C and CuS addition amount of 130%, the volatilization rates of arsenic and antimony reach 97.80 wt.% and
8.29 wt.%, respectively. Further, the high As volatile matter can be used to prepare ferric arsenate after it is oxidized,
with this treatment rendering the vapor harmlessness.
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1 Introduction

Arsenic—antimony-bearing dust is of great
importance for recovering valuable metals as a
secondary resource [1]. It is usually generated from
the nonferrous metal smelting process and
accumulates, resulting in high costs for landfill
disposal and in the heavy pollution of water, land
and air [2—-5]. However, arsenic—antimony-bearing
dust generally contains not only approximately
30 wt.% of antimony but also other abundant
valuable metals, such as zinc, lead, copper, and
bismuth [6—8]. The high arsenic content dust cannot
be directly recycled into the antimony smelting
process since the As—Sb alloys might be generated
due to their similar chemical properties.

Arsenic and antimony in arsenic—antimony-
bearing dusts exist mainly in the forms of As,O; and
Sb,0s, respectively, and they are difficult to be
separated due to their similar physical and chemical
properties [9,10]. The conventional treatment of
arsenic—antimony-bearing dusts can be classified
into three methods: hydrometallurgical, physical
filtration and pyrometallurgical processes. In the
hydrometallurgical process, arsenic can be
selectively leached into solution and separated from
antimony using acid [11,12], alkali [13-15],
chlorination [16] or pressure leaching (in form of
Naz;AsO,) [10,17], and antimony is transformed into
insoluble matter and further concentrated by
filtration [14,18—20]. The arsenic removal rate
can reach 92 wt.% in the hydrometallurgical
process [10,13—17], but the arsenic-containing
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wastewater generated from this process poses a
potential threat to the environment. Based on the
high-temperature filtration technology, a cleaner
and more effective method of physical filtration
was investigated by ZHANG et al [21].
Approximately 92.24 wt.% of arsenic was removed
at the expense of the loss of 6—7 wt.% of antimony
in their studies. However, the porous FeAl(20Cr)
intermetallic filter materials used to separate As
were seriously corroded by the high-temperature
As-containing gas, causing it difficulty for
industrial application. As,O; was easy to volatilize,
and its volatilization rate exceeded 93.0 wt.% at
460 °C for 120 min [22]. The Sb,Oj; volatilization
also exceeded 95.0 wt.% at 600 °C for 120 min
under a nitrogen atmosphere [23]. When the oxygen
partial pressure exceeded 10 vol.%, PADILLA
et al [24] found that Sb,O; volatilization was
seriously inhibited by the formation of a non-
volatile compound, SbO,. The arsenic could be
separated effectively if Sb,O; was selectively
oxidized from As,O; and Sb,O; to SbO, in a
suitable oxidizing atmosphere. Thus, a roasting
process in a selectively oxidizing atmosphere using
O, for treating high As—Sb dusts was investigated
by LI et al [9] and TANG et al [25], but their studies
showed that only approximately 60 wt.% of arsenic
was removed and that the antimony lost was greater
than 10 wt.%. The reason might have been that
As,0; and Sb,O; were combined and transformed
into a solid solution phase, As,Sb,O¢ (where x=1, 2
or 3, and x+y=4), during the roasting process, which
inhibited the volatilization of
simultaneously promoted the volatilization of
antimony at 200—800 °C [26—28]. Meanwhile,
As,O; could be oxidized to As,Os under an O,
atmosphere, which also restricted the volatilization
of arsenic. Thus, ZHONG et al [29] proposed a
method using CuO as a weak oxidant to treat this
dust. The solid solution phase As,Sb,Os was
effectively destroyed by CuO, in which the Sb
component was selectively oxidized to Sb,O4 and
As was transformed to As;O¢ and volatilized. In
their research, the arsenic removal rate reached
91.50 wt.% but was accompanied by an antimony
loss rate of 8.63%.

In the study by PADILLA et al [24], the
stibnite (Sb,S;) volatilization rate did not exceed
20 wt.% at a roasting temperature of 700 °C,

arsenic and

roasting time of 60 min and N, flow rate of
1.5 L/min, indicating that the stibnite (Sb,S;)
volatility is far lower than that of Sb,O;. Combined
with the low volatility of stibnite (Sb,S;) and weak
oxidizability of Cu®*’, a new method of selective
oxidation—sulfidation = for treating
antimony-bearing dusts was put forward. CuS was
used as an additive in the roasting process, and the
influences of processing parameters on separating
arsenic were investigated, including the roasting
temperature and amount of CuS addition.

arsenic—

2 Experimental

2.1 Materials

The arsenic—antimony-bearing dust used in
this study was provided by a plant for treating tin
anode slime using the pyrometallurgical process;
the plant is located in Yunnan Province, China. The
chemical composition (wt. %) of the dust is
presented in Table 1, which shows that the major
elements present are arsenic (36.28 wt.%),
antimony (28.72 wt.%) and oxygen (21.73 wt.%).
The “Others” in Table 1 are mainly Ca, K, and Si,
etc. The XRD pattern of this arsenic—antimony-
bearing dust is reported in Fig. 1(a), which shows
that the main phases are As,O; and Sb,0;,
accompanied by a small amount of (Sb,As),0; solid
solution [28]. Furthermore, As,O; holds a more
content than Sb,0; in coexistent states of As—Sb—O
seen from compositions of points 2, 3 and 5
(Fig. 1(b)) in Table 2, which implies that the
formation of this solid solution is through the
dissolution of Sb,O; into As,Os;. In addition, the
dust contains tiny amounts of Cu and S in Table 2,
which agrees with the result in Table 1.

Table 1 Chemical composition of arsenic—antimony-
bearing dust (wt.%)

As Sb o* C Se Pb F
36.28 28.72 21.73 252 246 206 2.05

Fe Bi Na Sn Cu S Others

1.13  0.68 040 025 024 020 1.28

*Data obtained from LECO TC-600 nitrogen/ oxygen analyzer

CuS prepared via a precipitation process was
used as an additive. It was of analytical grade
(purity of 99%) and was procured from local
suppliers. In addition, the high purity N, (purity of
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Fig. 1 XRD pattern (a) and EPMA images (b, c) of arsenic—antimony-bearing dust
Table 2 Elemental analysis of different phases (wt.%)
Point NaO As,O;  SiO, SO; FeO CuO TeO, Sb0O; Cr,0; PbO  Possible phase
1 0 98.798 0.248 0.130 0.004 0.077 0 0.31 0.149  0.006 As—O
2 0.06 56302 0.103 0.175 1.932 0 0 40.091 0.213  0.306 As—Sb—0O
3 0.054 55.493 0.013 0.167 3.267 0.032 0 40.208 0.071  0.667 As—Sb—0O
4 0 98.455 0.149 0 0.042 0.014 0 0.184 0 0 As—O
5 0.107 74.806 0.264 0.129 0.086  0.09 0 22486 0.541 1.646 As—Sb—0O
6 0.056  3.336 0 0.042  0.042 0 0 95.183  0.303 0.08 Sb—0O
7 0 98.093 0.013 0.146 0.006 0.026 0 0.877 0 0.069 As—O
8 0.049  3.001 0 1.631 0 0.071 0 94.142 0.064 0.829 Sb—O

99.999%) used
suppliers.

was also procured from local

2.2 Methods

The experimental apparatus is shown in Fig. 2.
An appropriate amount of CuS was first mixed
adequately with 5 g arsenic—antimony-bearing dust
in the experiment. The addition amount of CuS
added (a) was calculated using Eq. (1):

o =€ x100% (1)
My

where mc and mp stand for the mass of CuS added
and arsenic—antimony-bearing dusts, respectively.
The mixture then was put into a corundum crucible
and roasted in a tube furnace (Fig. 2) at the required
temperature for the proper time under a nitrogen
atmosphere. The off-gas from the reaction tube was
continuously passed through a water-cooled
condenser, which collected the volatile matter, and
then to solutions of 1 mol/L NaOH to remove
harmful components. Finally, after holding for a
proper time, the roasted calcines were weighed,
ground and chemically analyzed to investigate the
volatilization rates of arsenic and antimony.

2.3 Characterization
The thermogravimetric analysis (TG) and
differential scanning calorimetry (DSC) of the

samples were performed in a thermal analyzer
(NETZSCH, STA 449 F3). Typical measurements
were performed at a heating rate of 0.167 K/s under
N, atmosphere. The X-ray diffraction analysis
(XRD, Rigaku, TTR-III) and electron probe
microanalysis techniques (EPMA, JXAS82, JEOL)
coupled with an energy dispersive spectrometer
(EDS) were used to detect phase transformations
and the morphology of the samples during the
roasting process, and the chemical compositions of
the samples were characterized by chemical
analysis. Specifically, the O content in the original
dust was characterized by LECO TC—600 nitrogen/
oxygen analyzer. The phase contents in the roasted
calcines were calculated through K value method.
The FactSage 7.0 software was used to calculate the
standard Gibbs free energy changes and equilibrium
compositions of the reaction system. Mathematical
expressions of the volatilization rates of arsenic
(Ras) and antimony (Rsp) were defined as follows:

Ry, =(1—ij100% 2)

MpWasi

Ry, =[1—MJX100% 3)

MpWsp1
where mp and mt stand for the masses of the
original arsenic—antimony-bearing dust and roasted
calcines respectively; was; and wgp are the arsenic
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Fig. 2 Experimental setup: |—Flowmeter; 2—Pressure valve;

3—Furnace cover; 4—Furnace plug; 5—Silicon carbide

bar; 6—Corundum boat; 7—Thermocouple; 8—Electric furnace; 9—Control cabinet; 10—Water-cooled condenser;

11—Alkali vessel

and antimony contents in the original arsenic—
antimony-bearing dust, respectively; and was, and
wspy are the arsenic and antimony contents in the
roasted calcines, respectively.

3 Thermo-chemical behavior

Figure 3 shows the TG—DSC curves of CuS,
arsenic—antimony-bearing dusts and their mixture
(a=130%) wunder an N, atmosphere. Two
endothermic peaks located at 262.2-470.5 °C are
detected in the DSC measurement for the arsenic—
antimony-bearing dusts, and each corresponds to a
mass loss. The first endothermic peak at 262.2—
289.7 °C is attributed to the As,O; phase melting
(the melting point of As,0; is 275 °C) [30] and dust
volatilization. The second peak at 415.6—470.5 °C
is attributed to evaporation of the dust. As reported
in Ref. [27], As,O; begins to volatilize at 200 °C
and its volatilization rate increases to approaching
100 wt.% at 500 °C, which corresponds the first
endothermic peak in the DSC curves of dust in
Fig. 3. Sb,O; begins to volatilize at 500 °C, and its
volatilization rate increases to 80 wt.% at 800 °C. In
addition, the volatilization rate of the mixture of
As;O; and Sb,O; (solid solution, As.Sb,O¢)
increases from 0 to 54.3 wt.% at 200 to 350 °C,
remains nearly constant at 520 °C, and finally
continues to increase with the increase of
temperature. The volatilization of As,0;, Sb,O; and
mixture of them results in the second peak in the
DSC curves of dust in Fig. 3. The main evaporation
processes are shown in Egs. (4)—(6). There are
seven endothermic peaks in the DSC curves of CusS,
and each of these peaks corresponds to a mass loss.
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Fig. 3 TG-DSC curves of CuS (a), arsenic—antimony-

bearing dust (b) and their mixture (a=130%) (c)

The first endothermic peak at 61.0—-120.5°C is
attributed to the evaporation of free water, and the
other endothermic peaks are attributed to the
gradual decomposition of CuS as shown in Eq. (7)
(where 1<z<2), in which the decomposition
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products might be CugSg, Cu;Ss, Cu;gS, and
Cu,S [31,32]. Compared with the DSC curves of
individual CuS and arsenic—antimony-bearing
dusts, no new endothermic or exothermic peak is
observed at 25-309.5 °C for the mixture of them
seen from Fig. 3, indicating that no reaction occurs
between the dust and CuS in this temperature range.
Concretely, the first endothermic peak at
61.0—120.5 °C 1is attributed to the evaporation of
free water, and the endothermic peak at
212.1-250.2 °C is attributed to the As,O; phase
melting, gradual decomposition of CuS and dust
volatilization. When the temperature is increased to
309.5-348.3 °C, no peak is observed in the DSC
curve for the mixture, which differs from the curve
of CuS. Specifically, in the DSC curve of CuS, an
endothermic peak A centered at 332.2 °C can be
observed. This difference might be attributed to the
occurrence of an exothermic reaction between the
dust and CuS and/or the decomposition products of
CusS. Figure 4(a) shows that Eq. (8) can be carried
out, and Fig. 4(b) shows that Eq. (8) is an
exothermic reaction. Due to the lack of the
thermodynamic data for the decomposition products
of CuS, CueSs, Cu;Ss;, and Cu,;sS, the standard
Gibbs free energy changes of those reactions
between them and the dust are not shown in Fig. 4.
With a further increase in temperature, an obvious
endothermic peak is observed at 405.2—470.3 °C,
which might be related to the occurrence of
Egs. (9)—(13). Equation (9) cannot occur due to its
positive standard Gibbs free energy in Fig. 4(a).
Furthermore, the standard Gibbs free energy values
of Egs. (10) and (12) are more negative than those
of Egs. (11) and (13) at above 200 °C, which means
that the sulfidation of Sb,0; is carried out prior to
that of As,O; and that the selective sulfidation of
Sb,O; could be realized. Besides, there is some
(Sb,As),0; solid solution existing in the original
dust seen from Fig. 1, in which the arsenic trioxide
might have some affinity with antimony tetroxide
and further influences the oxidation and sulfidation
of Sb,O;. These solid solutions were assumed as
ideal solid solution in this study, whereas arsenic
trioxide was assumed to have less affinity with
antimony tetroxide and thus Sb,O; has a higher
activity coefficient according to the Raoult’s law
(activity coefficient y=1). The thermodynamic
calculation results, presented in Fig. 5, demonstrate
that the formation of these solid solutions restricts

the oxidation of Sb,O; to Sb,O, or the formation of
Sb,S; obviously.

Sby05(s)=1/28b4Os(g) 4)
ASZO}(S): 1 /2AS4O6(g) (5)
(Sb,As),05(s)—As,Sb,04(g) (6)
CuS(s)—Cu.S(s)+S(s,l) @)
CuS(s)+2/3Sb,0s(s)=
1/2Cu,S(s)+1/2Sb,04(s)+1/6Sb,S5(s) (8)
CuS(s)+5/12As,05(s)=
1/2Cu,S(s)+1/4As,05(s)+1/6As,S5(s) 9
CuS(s)+1/9Sb,05(s)=
1/2Cu,S(s)+1/6S0O,(g)+1/9Sb,S3(s) (10)
CuS(s)+1/9As,0;(s)=
1/2Cu,S(s)+1/6S0,(g)+1/9As,S5(s) (11)

S(s,)+2/9Sb,05(s)=1/3S0x(2)+2/9Sb,S5(s)  (12)
S(5,1)+2/9A5,05(s)=1/3S0x()+2/9A5,S:(s)  (13)

FactSage 7.0 was used to calculate the
equilibrium phases for the roasted products by
minimizing Gibbs free energy under isothermal,
isobaric and fixed-mole conditions. The required
data for computation were provided by the FactPS
database of the program.
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Fig. 4 Standard Gibbs free energy changes (a) and

enthalpy changes (b) of Egs. (8)—(13) in temperature

range of 0—800 °C
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Sb,0; in solid solutions in original dust reacted with CuS

and S by assuming these solid solutions being ideal solid

solution: (a) Eq. (8); (b) Eq. (10); (c) Eq. (12)

The calculations were performed on a mixture
of 1 mol Sb,O; and 2 mol As,O; with variable
amounts of CuS in the temperature range of
300—450 °C under an inert atmosphere at a pressure
of 101.325 kPa. The phases of Sb,Si(s) [23],
CUQS(S), ASQO}(I), SbOz(S), szO3(S) and ASzSg,(l)
are assumed to be present in the roasted products,
and the phase of As;O4(g) is deemed to be
volatilized and goes into the off-gas. The results of
their equilibrium are presented in Fig. 6. It is
noteworthy that massive Sb,S;(g) is generated in
the original results given by FactSage 7.0, which
differs obviously from the research of PADILLA et
al [24]. Then further combined with our previous
research [33], Sb,S;(g) is revised into Sb,S;(s) in
the equilibrium results. When the CuS amount is
less than 9 mol, As exists mainly in forms of
AsyO5(1) and As4O¢(g). The As,S;(1) phase appears
at a CuS amount of 9 mol, and it originates from the
sulfidation of the As oxide (Egs.(11) and (13)). The
amount of Sb,S;(s) remains nearly constant when
the CuS amount exceeds 9 mol. This seems to
support the sulfidation of the antimony phase being
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Fig. 6 Equilibrium amounts of species in roasted
products as function of temperature and CuS amount:
(a) 300 °C; (b) 350 °C; (c) 400 °C; (d) 450 °C
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completed at a CuS amount of 9 mol and the
sulfidation of the subsequent arsenic phases, which
is due to the more negative standard Gibbs free
energy changes of Egs. (10) and (12) than those of
Egs. (11) and (13). In addition, the amount of
As4O6(g) increases acutely with temperature, which
is propitious for the separation of arsenic and
antimony.

As mentioned above, the selective oxidation—
sulfidation of the Sb phases from arsenic—
antimony-bearing dusts and the As volatilization in
form of As;Og(g) could be achieved by controlling
the temperature and CuS amount, in which the
temperature and CuS amount should be controlled
at 400—450°C and 9 mol, respectively, due to
thermodynamics.

4 Results and discussion

4.1 Separation of arsenic

The mixtures of CuS and the dust in a proper
ratio were roasted in the temperature range of
300450 °C to investigate the effects on the
volatilization rates of arsenic and antimony. The
roasting time and N, flow rate were fixed at
100 min and 30 mL/min, respectively. Besides, a
series of blank experiments without CuS addition
were also carried out under the same condition.

All the experiments under the same conditions
were repeated three times, and each set of data in
Figs. 7 and 8 are the average values of these three
repeated measurements. Figure 7 shows that an
increase in temperature improves the volatilization
of both arsenic and antimony on the whole. To be
specific, the arsenic volatilization rate reaches a
maximum at 400—425 °C and then remains nearly
constant. The antimony volatilization rate changes
slightly at 300—400 °C and then increases sharply
with a continuing rise in temperature. Specially, the
arsenic volatilization rate decreases slightly with
temperature from 375 to 400 °C when a is less than
130%. The reason for this is that the (Sb,As),03
phase in the original dust is transformed to the
As—Sb—S phase and the corresponding arsenic
compounds vapor pressure decreases. This will be
investigated by EPMA analysis in the following
section. Without CuS addition, Fig. 8 shows that the
arsenic volatilization rate is relatively low, the
reason for which might be due to a formation of
coexistent phase (As—Sb—O) which inhibits the As
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Fig. 7 Effects of roasting temperature and CuS amount
on volatilization rate of arsenic and antimony
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Fig. 8 Effects of roasting temperature on volatilization
rate of arsenic and antimony without CuS addition

volatilization. It will be also investigated by XRD
and EPMA analysis in the following section.

The CusS plays a dual role on the volatilization
of antimony. The antimony volatilization rate
decreases with the CuS amount from 100% to
130% and then increases with the CuS amount from
130% to 140%. The reason for this might be that
Sb,S; and Sb,0, are generated with a CuS amount
from 100% to 130% and neither of them is volatile.
However, the generated Sb,S; and Sb,O4 are
transformed into As—Sb—S and Sb,O¢ when the CuS
amount is greater than 130%, causing Sb to be
volatilized in the form of Sb4Os. These will also be
investigated by XRD and EPMA analysis in the
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following section.

The optimum parameters are selected as a
roasting temperature of 400 °C and a CuS amount
of 130% to increase the separation efficiency of
arsenic and antimony. Their volatilization rates can
reach 97.80 wt.% As and only 8.29 wt.% Sb,
respectively.

4.2 Analysis of mechanism of arsenic separation

It is important to establish a qualitative
measurement of the mechanism to confirm the
roasting process.

The broadening of the XRD peak in Fig. 9(a)
indicates amorphous nature of the roasted calcine
without CuS addition, and Fig. 9(b) demonstrates
that this amorphous roasted calcine is mainly
complex multi-phase crystal system containing
varying amounts of As and Sb (in combination with
oxygen). It restricted the arsenic volatilization
obviously.

The mineral compositions of the roasted
calcines with a CuS amount of 130% at different
roasting temperatures were analyzed by XRD and
the results are shown in Fig. 10(a). The broadening
of the XRD peaks at 300°C in Fig. 10(a)
indicates the amorphous nature of the roasted
calcine, and Fig. 10(b) shows that this amorphous
solid is mainly composed of As—Sb—O and Sb—S
phases [26—28]. From a comparison of Fig. 2 and
Fig. 10(b), it can be concluded that the most
dissociative state As,Os; has been removed and the
amount of combined state of As,O; ((Sb,As),0; in
Fig. 1) also clearly decreases. The destruction of the
(Sb,As),0; structures in the original dust might be
due to the oxidizing action of Cu*" in CuS [29]. The
structure of the (Sb,As),O; compound is further
destroyed when the temperature is increased to
400 °C, as seen by comparing Fig. 10(c) to
Fig. 10(b), in which the Sb component is further
oxidized and sulfurized into Sb,O, and Sb,S;
(Fig. 10(a)), respectively, by CuS and S through
Egs. (8), (10) and (12). Sb,O4 and Sb,S; stay in the
roasted calcine, which results in the low antimony
volatilization rate as shown in Fig. 7. Meanwhile,
the As component in (Sb,As),0; is released and
volatilizes in the form of As4Og, resulting in a sharp
increase in the arsenic volatilization rate between
300 and 400 °C (Fig. 7).

In addition, when a is lower than 130%, the
arsenic sulfide could be formed through Egs. (11)

(a)

©
As Element wt./%
(0] 22.38
As 47.40
Sb 32.22
(0] Sb
As
. . As
1 3 5 7 9 11 13

E/keV
Fig. 9 XRD pattern (a), EPMA analysis (b) and EDS

analysis (c) of roasted residue at 400 °C without CuS
addition

and (13) and combined with Sb,S; generating a
coexistent phase of As—Sb—S [27] at 400 °C. This
can be confirmed by the EPMA—EDS result in
Fig. 11 (a=110%). This As—Sb—S specie is difficult
to volatilize at 400 °C, and it causes a slight
decrease in the arsenic volatilization rate as the
temperature increases from 375 to 400 °C.

The XRD patterns of roasted calcines with
different CuS amounts at 425 °C are shown in
Fig. 12. It shows that the peak intensity of Sb,O4
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Fig. 10 XRD patterns (a, b), EPMA analyses (c, d), and line scanning analyses (e, f) of roasted residue at 300 °C (a, c, e)
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Fig. 11 EPMA—EDS analyses of roasted residue at 400 °C (a=110%)
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Fig. 12 XRD patterns of roasted residues with different
CuS amounts at 425 °C: (a) a=140%; (b) o=130%;
(c) a=120%; (d) a=110%; (¢) 0=100%

and Sb,S; increases gradually, with o ranging from
100% to 130% and then Sb,O,4 peak decreases when
o is above 130%, which occurs because Sb,0, is
reduced into volatile SbsO¢ by the “S” component
in CuS through Eq. (14) at a higher o value. This
results in an increase in the antimony volatilization
rate at 400—450 °C in Fig. 7. Figure 13 shows that
Eq. (14) can proceed by increasing temperature and
decreasing the partial pressures (P) of Sb4O¢(g) and
SO,(g). The partial pressures of SbsOg(g) and
SOy(g) are low and always decreasing in the
roasting process due to their strong volatility.

4CuS(s)+10Sb,04(s)=
5Sb,06(g)+2Cu,0(s)+4S04(g) (14)

The volatile matter in the water-cooled
condenser (device No. 10 in Fig. 2) was collected,
and its XRD pattern is shown in Fig. 14. It is shown
that the volatile matter is mainly composed of
As,0O3, accompanied by a small amount of Sb,0s.
The volatile matter, containing a high amount of
As,03, could be used to prepare ferric arsenate after
it was oxidized, with this treatment rendering the
vapor harmless. In addition, after being roasted with
CuS, Sb,0; and (Sb,As),05 in the original arsenic—
antimony-bearing dust are transformed to Sb,O,
and Sb,S; retaining in the roasted calcine, and
meanwhile CuS is changed into Cu,O and Cu,S.
Sb could be separated and recovered in the form of

80
60 -

¥ Pgp,0,2=0-05, Pso, (1=0.05

Sb,05(2)—0-10, Pso, (5=0.10
= Pgp,.042=0-15, Pso,(=0.15
+Psb406(g):0'203 Psoz(g)=0.20

Gibbs free energy change/(kJ-mol™")
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Fig. 13 Gibbs free energy changes of Eq. (14) with
temperature under different Pgy,04 (o) and Pso, ()
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Fig. 14 XRD pattern of product in water-cooled
condenser (device No. 10 in Fig. 2)

SbsO¢ from the Cu-containing roasted calcine
through an oxidation—reduction process [34].

The thermodynamic behavior of As and Sb
phases in the dust during the roasting process is
summarized in Fig. 15. When the temperature is
lower than 400 °C, most of Sb,0O; is oxidized and
sulfurized to Sb,O4 and Sb,S; by CuS and/or the
decomposition products of CuS, and the structure of
(Sb,As),0; in the original dust is destroyed via the
oxidizing action of the Cu*" in CuS. As a result, the
volatilization rate of arsenic increases with the CuS
amount accompanied by the antimony volatilization
rate being lower than 5 wt.%. Increasing the
temperature over 400 °C, As,O; could be sulfurized
to As,S; and combined with Sb,S; generating a
coexistent phase of As—Sb—S with CuS amount of
110%—-130%, which antagonizes the arsenic
volatilization. In addition, the generated Sb,Oy4
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Fig. 15 Thermodynamic behavior of As and Sb phases in dust during oxidation—sulfidation roasting process using CuS

could be reduced into volatile SbsOs by the S
component in CuS and causes the antimony
volatilization rate increase.

5 Conclusions

(1) The effective removal of arsenic from
arsenic—antimony-bearing dust through a selective
oxidation—sulfidation roasting process using CuS
feasible. The factors of the roasting
temperature and CuS amount played significant
roles on the separation of arsenic and antimony.

(2) Both the thermodynamic analysis and
experimental results showed that the oxidation and
sulfidation of Sb,O; occurred prior to those of
As,0s3, in which Sb was transformed into Sb,O, and
Sb,S; that stayed in the roasted calcine while As
was volatilized in the form of AssO4. The CuS
played an active role in the separation of arsenic
because the structure of (Sb, As),0s in the original
dust could be destroyed through the oxidizing
action of Cu®" in CuS and As was released in the
form of As4Og.

(3) When the roasting temperature and CuS
amount were above 400 °C and 130%, respectively,
the generated Sb,O, could be reduced to volatile
SbsO¢ by the S component in CuS, causing the rate
of antimony volatilization to increase. To increase
the As removal rate and reduce the loss of Sb, the
optimum conditions were established as a roasting

was

temperature of 400 °C with a CuS amount of 130%.
After roasting under these conditions, the
volatilization rates of arsenic and antimony reached
97.80 wt.% and only 8.29 wt.%, respectively.
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