¢ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2023.30148

315 (2023) 364-372
December

Resource and stabilization cotreatment of metallurgical arsenic-alkali slag and

siderite via scorodite formation

Xinrong Su?® Rui Su?, Yanjiao Gao? Yinwen Bai?, Xuanyu Li?, Baochuan Qi"*

“College of Civil Engineering and Architecture, Liaoning University of Technology, Jinzhou 121001, China,
emails: 220586004@stu.Inut.edu.cn (X. Su), surui@lnut.edu.cn (R. Su), tmgyj@lnut.edu.cn (Y. Gao),

2334210887@qq.com (Y. Bai), 3349212275@qq.com (X. Li)

YKey Laboratory of Pollutant Chemistry and Environmental Treatment, College of Resources & Environment, Yili Normal University,
Yining 835000, China, Tel.: +86 0999 8137647; Fax: +86 0999 8137647, email: baochuangi@yeah.net

Received 14 August 2023; Accepted 20 November 2023

ABSTRACT

Arsenic-alkali slag (AAS) is one of the most hazardous solid wastes generated by the antimony
smelting process, posing a significant environmental risk. However, the economic method for
effective As immobilization in AAS is still lacking. In this study, we proposed an economical and
novel method for the removal of As from AAS using siderite (FeCO,). After the sodium carbonate
is recovered from the AAS leaching liquor, the process continues. Aqueous As(V) is immobilized
as scorodite via continuous dissolution-oxidation of siderite (FeCO,) by air injection. The residual
As(V) is immobilized via Fe-As coprecipitation by lime neutralization. The dissolution-oxidation of
siderite produces Fe(III), ensuring continuous Fe(III)-As(V) coprecipitation and scorodite crystalliza-
tion. The results showed that the removal efficiency of As from AAS reached 99.98%. The mixture
of scorodite and Fe-As coprecipitation demonstrated good As stability in the Toxicity Characteristic
Leaching Procedure (2.6 mg/L) and at pH 4 (1.84 mg/L), pH 6 (2.13 mg/L), and pH 8 (3.20 mg/L)
in a 50-d long-term stability test. Combined results from chemical analysis, X-ray diffraction, and
infrared spectroscopy revealed that the existence of high ionic strength Na* and Cl- were the crit-
ical factors in the dissolution of siderite and the crystallization of scorodite. This study provides

an effective treatment method for the removal and fixation of arsenic in metallurgical AAS.
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1. Introduction

Arsenic-alkali slag is known as the most hazardous
byproduct of the antimony (Sb) smelting industry [1]. China
possesses 56% of the world’s antimony reserves, the most
abundant Sb resource globally. Currently, the amount of
historically generated arsenic-alkali slag (AAS) has reached
2 x 10° tons in the Xikuangshan area, China, with an average
annual yield of 5~6 x 10° tons [2-4]. Arsenic-alkali residue
mainly contains Na,CO, with a considerable amount of sol-
uble Na,HAsO,-7H,O and NaSb(OH), [5,6]. Direct discharge
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of AAS into the environment poses a serious threat to human
health and ecosystems [7,8]. Hence, As in AAS must be
immobilized as stable solids for safe disposal.

Currently, various treatment methods have been devel-
oped, including in-situ stabilization, cement solidification/
stabilization (S/S), As(V) reduction with SO, treatment, and
resource recovery followed by As fixation. The in-situ sta-
bilization method is based on the idea that the in-situ addi-
tion of curing agent, such as Fe(Il) or Fe-(hydr)oxides into
AAS could transform the soluble Na,HAsO,7H,O and
Sb-containing compounds into insoluble Fe-As and Fe-Sb
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bearing precipitates (arsenical and antimonyal Fe-(hydr)
oxides) [9,10]. Cement solidification/stabilization is based
on the idea that an inert material and a binder are used to
prevent physical contact between the AAS and the surround-
ing environment [11]. However, these two methods would
significantly increase the bulk volume of the residue because
of the high demand for curing agents and inert materials.
Furthermore, the Sb and Na,CO, resources that existed in
AAS could not be recycled. The As(V) reduction with SO,
and evaporation concentration to recover arsenic is pro-
posed to dispose of the AAS, but the recovered As O, is easy
to introduce secondary high-toxicity pollutants [7,12,13].
In contrast, resource recovery followed by As fixation is an
attractive treatment method for AAS. This treatment method
via water leaching could effectively separate As and Na,CO,
from insoluble Sb-bearing precipitate [14-16] and recover
Na,CO, via injection of CO, or evaporation crystallization
[4,6,12,17]. Lime neutralization—precipitation or iron-arse-
nic coprecipitation methods are commonly used to remove
and fix As in the residual liquid [4,18-21]. However, the
lime neutralization precipitation method could produce a
huge amount of hazardous arsenic-calcium residue with
poor water stability [22-25]. While the iron-arsenic copre-
cipitation method can generate the stable Fe-As residue in
AAS treatment, but the demand for Fe reagent is high [6,26].
Hence, the majority of AAS has not yet been adequately
handled due to a lack of suitable treatment methods.

Scorodite (FeAsO,/2H,O) is an attractive As-carrier
because of its high As content (As ~32 wt.%), high Toxicity
Characteristic Leaching Procedure (TCLP) stability, and
low demand for Fe (Fe/As = 1) [27-32]. Based on the con-
cept that the well-crystalline scorodite can form via control
of the supersaturation degree of aqueous ferric arsenate
by slow dissolution of natural iron minerals, economic Fe
sources, such as natural iron minerals, have been applied
to As removal and immobilization in waste sulfuric acid
via scorodite formation [33,34]. Utilizing inexpensive Fe
sources can significantly reduce the operation costs in fixing
As in waste sulfuric acid and treating As-bearing solutions
(Table 1). Su et al. [35] found that the utilization of natural
siderite (FeCO,) as a Fe source showed great advantages
for the removal and fixation of As in waste sulfuric acid via
scorodite formation. Under the optimal process condition
(pH,,., 1.1, Fe/As ratio 2, temperature 95°C, and reaction
time = 10 h), the removal efficiency of As reaches 99.9% with
a residual As concentration of 0.81 mg/L, and high TCLP sta-
bility of solid product (As <0.2 mg/L). Simultaneously, the
deep As scavenging could be realized via Fe-As coprecipi-
tation method because of the residual Fe in the filtrate after
scorodite formation. Hence, we extrapolated that siderite
could be used as the cheapest Fe(Ill) source for the fixation
of As in AAS.

Table 1
Price of the common Fe source [36]

Fe source FeCO, FeSO,7H,0 Fe/(SO,), FeCl,-6H,0O
Price (USD/ 246 363 586 2,163
ton-Fe)

In this study, we proposed an alternative method for
resourceful treatment and deep arsenic removal from AAS
via scorodite, followed by Fe-As coprecipitation, using nat-
ural siderite (FeCO,) as an iron source. The method not only
avoided the environmental pollution from AAS, but also
the treatment cost was greatly reduced due to low prices
for siderite.

2. Materials and methods
2.1. Materials

The arsenic-alkali slag (AAS) was directly collected from
an Sb refinery in the Xikuangshan mining area, China. Siderite
(FeCO,), purchased from Maya Reagent Company Ltd.,
(Zhejiang, China), was utilized as an iron source for scorodite
formation. All experiments were conducted with industri-
al-grade reagents, tap water, and 5% HNO, cleaned glassware.

2.2. Experimental methodology
2.2.1. As solution preparation

Water leaching was conducted to separate soluble arse-
nate and carbonate from insoluble Sb-bearing minerals. The
carbonate was recovered as sodium bicarbonate (NaHCO,)
via the injection of air (21% CO,) and then solid/liquid sepa-
ration (Fig. S1). The obtained alkaline As-enriched solutions
were acidized to pH 0.4 and 1.1 (denoted as AAS-0.4 and
AAS-1.1) by adding HCI with the systems stirred vigorously
(300 rpm). The NaOH-neutralized As,O; solution with pH
1.1 (denoted as FAO-1.1) and As concentration equivalent
to AAS-1.1 was applied to compare the effect of excessive
Na*ions on As immobilization.

2.2.2. Preliminary As fixation via scorodite formation

The above-mentioned As-enriched solution was heated
to 95°C with slowly stirring (200 rpm). An amount of sider-
ite powders, that is, Fe/As = 2, was added to the As-enriched
solution. Then the slurry was further stirred for 10 h and
accompanied with the air injection at a flow rate of 0.1 L/min.
Aliquots of suspension were collected at pre-designed time
intervals (i.e., 2, 4, 6, 8, 10 h). The solids and liquids were
then separated using 0.22 um membranes. The supernatants
were analyzed for the concentrations of As and Fe. The sol-
ids were washed three times using diluted HCI solutions
with the same pH as the reaction system, then vacuum-dried
at 40°C for 24 h. The suspension from the AAS-0.4 system
after reaction for 10 h was retained for deep As removal.

2.2.3. Deep As removal via Fe-As coprecipitation

The slaked lime (2 mol/L Ca(OH),) was slowly added to
the above-mentioned suspension from the AAS-0.4 system at
room temperature (22°C), and agitated at a rate of 300 rpm
with an agitator. Different initial pH values (4, 5, and 6) were
tested to synthesize Fe-As precipitation and find the opti-
mal reaction conditions. During the reaction, the pH values
of the slurry were maintained using 0.01/0.1 mol/L. Ca(OH),
and/or HCI solutions. The supernatants were separated by
pressure filtration through a 0.22 um membrane. The solids
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from the pH 6 system were washed three times using diluted
HCI solutions with the same pH as the reaction system,
then vacuum-dried at 40°C for 24 h.

2.3. Analytical methodology
2.3.1. Elemental analysis

The concentrations of As were determined using an
atomic fluorescence spectrometer linked with a hydride
generator (AFS, Haiguang, China). The detection limit for
As was 0.01 pg/L with an uncertainty of +5%. The concentra-
tions of Fe were determined using a flame atomic absorption
spectroscopy (FAAS, Varian, USA). The content of COZ" in
the AAS was analyzed by chemical analyses [37]. The other
elements were analyzed in AAS using X-ray fluorescence
spectrometer (Priums, Japan).

2.3.2. Solid characterization

A Rigaku D/Max 2400 X-ray diffractometer (Rigaku,
Tokyo, Japan) equipped with a cobalt target (Co Ka, radia-
tion, A = 1.7902), which was run at 56 kV and 182 mA, was
used to describe the mineralogy of the solid products. All the
X-ray diffraction (XRD) patterns of samples were scanned
from 10° to 80° 20 with increments of 0.04° 20. The infrared
spectra of the solid samples were measured in the mid-infra-
red range (600—4,000 cm™) using a Fourier-transform infrared
(FTIR) spectrometer (Nicolet 6700, Thermo Fisher Scientific,
USA) in transmission mode. Before measurements, approx-
imately 5 mg of finely ground powders mixed with 200 mg
of high-purity KBr were pressed into a disk. Each sample
was scanned 128 times, and averaged data were reported.
The crystal morphology and elemental compositions of the
solid samples were characterized using a scanning elec-
tron microscope combined with an energy-dispersive X-ray
spectrometer (SEM-EDX, ProX, Phenom, Holland).

2.3.3. Stability analyses

TCLP was used to evaluate the short-term stability of
final products. In brief, 1 g of products was placed in 20 mL
of an acetic acid-sodium acetate mixed buffer solution (pH
4.93 + 0.05) leached for 18 h agitation of 50 rpm, and a tem-
perature of 22°C. The As leaching concentration is regu-
lated at 5.0 mg/L, according to the hazardous solid waste
identification guidelines.

The long-term stability tests were performed under
atmospheric conditions for 50 d by adding 1 g of solid sam-
ples to 100 mL of HCI/NaOH solution at pH values of 4, 6
and 8. During the test, the pH of the suspensions was main-
tained constant with HCl or NaOH solutions.

3. Results and discussion
3.1. Characteristics of AAS and siderite

The bulk chemical composition reveals that AAS con-
tains 3.7 wt.% As, 1.4 wt.% Sb, 23 wt.% Na, and 31 wt.%
COZ, along with trace amount of Fe (Table 2), which is con-
sistent with the SEM-EDX results (Fig. 1a). The XRD patterns
indicated that the dominant crystalline phase in AAS are

Table 2
Composition of the initial arsenic-alkali slag

Element As Sb Na cox Fe
wt.% 3.7 14 23 31 1.2

Na H(CO,),2H,0 and NaSb(OH),. No crystalline phase of
As is identified by XRD in the AAS, suggesting As occurs as
amorphous form, in agreement with the literature [9]. The
mineralogical characteristic of siderite has been confirmed
by XRD (Fig. 1b).

3.2. Preliminary As removal via scorodite formation
3.2.1. Composition evolution of the liquid phase

The effect of the initial pH value on the kinetic changes
of dissolved As and Fe concentrations in different systems
is investigated (Fig. 2a). In general, the concentrations of As
and Fe decreased with increasing reaction time in all experi-
ments (Fig. 2a and b). For the FAO-1.1 system, the concentra-
tion of dissolved As decreased from 88 to 3.2 mmol/L after
reaction for 10 h, which corresponded to a final As removal
efficiency of 96.3%. The concentration of Fe decreased from
176 to 15.4 mmol/L, resulting in a final Fe/As ratio of 4.8. The
liquid composition evolution of the AAS-1.1 is different from
that of FAO-1.1. The concentration of As decreased from 88
to 44.9 mmol/L with a low As removal efficiency of 48.9%
and low Fe residual concentration of 4.5 mmol/L after the
AAS-1.1 system reaction for 10 h. This difference might be
attributed to the higher concentrations of Na* and CI" in the
AAS-1.1 system compared to the FAO-1.1 system. The exist-
ing Na" and CI* do not interfere with the secondary min-
eral phase formed in our studied systems [38]. However,
the high ionic strength, due to the presence of Na* and CI*
ions, might alter the water structure and hydration of min-
eral surfaces, potentially inhibiting siderite dissolution and
the crystallization of secondary minerals necessary for As
immobilization in the AAS-1.1 system [39].

The initial pH value played a key role in affecting the
dissolution of siderite and the release of Fe ions [39]. In
this study, the lower pH values corresponding to relatively
high H* concentrations were applied to dissolve the siderite
to provide the Fe ions for Fe-As phase formation. With the
increase in reaction time, the concentration of dissolved Fe
decreased gradually in the AAS-0.4 system. The concentra-
tion of Fe reached the maximum of 100 mmol/L after reaction
for 2 h. Notably, the dissolved Fe concentration was almost
maintained at a constant of ~88.2 mmol/L after reaction for
6 h. The removal efficiency of As maintained a constant
at ~ 67.4% after 6 h. In comparison to the AAS-1.1 system,
the removal efficiency of As only increased from 48.9% to
67.4%, whereas the concentration of Fe increased from 4.5 to
88.2 mmol/L. These results suggest that a lower pH value can
significantly increase the solubility of siderite. However, at
low pH, the solubility of scorodite will be decreased, which
affects the removal efficiency of As. It has been suggested
that a pH range of 1-1.2 favors the transformation of amor-
phous ferric arsenate to scorodite [40]. The decreased initial
pH does not substantially improve the removal efficiency



X. Su et al. / Desalination and Water Treatment 315 (2023) 364-372 367

(a)

Intensity

AAS

Na3H(CO3)2-2H20 PDF #29-1447

|||i ||||‘II wallvabi oy i
NaSh(OH)s PDF #46-0101

| | fonhy w0 am non w ol

0 20 30 40 50 60 70 80

20/Degree

(b)

Intensity

FeCOs3

_A_._._JL.JWLK e

FeCO3 PDF #29-0696

: | . |‘| | ‘II I|I |I||I‘ i
10 20 30 40 50 60 70 80
206/Degree

SEM of arsenic-alkali slag

Wit
26072

3601

1.86

Element

EDX area

-

0.76

0.74

Fig. 1. X-ray diffraction patterns and SEM-EDX images of (a) initial arsenic-alkali slag and (b) siderite. The vertical bars rep-
resent the standard X-ray diffraction patterns of Na,H(CO,),.2H,0O (PDF #29-1447) and NaSb(OH), (PDF #46-0101), and FeCO,

(PDF #29-0609).

of As, but the Fe/As molar increased from 0.1 to 3.1 in the
liquid phase, which provides a Fe-enriched source for sub-
sequent fixation of As by lime neutralization to form Fe-As
precipitation.

3.2.2. Solid-phase analysis

To study the mineralogy and surface chemical properties
evolution of the transformation products, the solid samples
generated at different reaction times in various systems are
characterized using XRD and FTIR spectroscopy (Fig. 3).
The mineral phases in solid products were highly depen-
dent on the reaction system. XRD results suggested that
scorodite was the dominant crystalline phase in the trans-
formation products after reaction for 2 h in the FAO-1.1 sys-
tem, implying the fast dissolution rate of siderite (Fig. 3a),
in line with the high As removal efficiency. In contrast, the
main XRD peaks of AAS-1.1 samples after reaction for 2—4 h
were located at the same positions as those of standard XRD
patterns of siderite (PDF #29-0696), thus indicating that the
siderite was the dominant crystalline phase. After reaction
for 10 h, the formation of scorodite was observed, and there

was a substantial amount of siderite peaks remaining. This
suggested that Na*" and CI- ions were the critical factors for
the dissolution of siderite and the crystallization of scorodite.
After in AAS-0.4 system reaction for 2 h, the diffraction peaks
of siderite were weaker than the AAS-1.1 system at the same
reaction time, suggesting the fast dissolution rate of sider-
ite. The XRD results showed that the scorodite became the
dominant crystalline phase in the transformation products
after the reaction for 4 h. This result suggests that the lower
initial pH was the key factor for the dissolution—oxidation
of siderite and the formation of scorodite.

The surface chemical properties of transformation prod-
ucts formed at different systems were investigated using
FTIR spectroscopy (Fig. 3b). The v, stretching vibration band
of As(V)-O located at ~822 cm™! confirms the formation of the
scorodite [34,41]. Correspondingly, the characteristic bands
located at ~3,517 cm™ are ascribed to the stretching vibra-
tion of H,O/O-H from scorodite crystal [42]. The character-
istic bands in the range of 900-1,200 cm™, are assigned to
the stretching vibration of CO, in siderite [35]. The stretch-
ing vibration of siderite in the AAS-0.4 system was always
weaker than the AAS-1.1 system at the same reaction time.
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Fig. 3. X-ray diffraction patterns (a) and Fourier-transform infrared spectra (b) of standard materials and transformation solid prod-
ucts formed at different reaction time in various systems. The green, red, and blue lines represent the transformation products

formed in AAS-0.04, AAS-1.1, and FAO-1.1, respectively.

These results suggest that lower initial pH is the key fac-
tor for facilitating the dissolution—oxidation of siderite and
the formation of scorodite, which was in agreement with
the XRD results.

The transformation products generated after 10 h at dif-
ferent systems are also characterized using scanning electron
microscopy (Fig. 4). The results showed that the transfor-
mation products formed in the FAO-1.1 system appeared
as rough surface spherical particles in the size of approxi-
mately 4-6 um. This indicates that well-crystalline scorodite
is formed. In contrast, the particles formed in the FAO-1.1
system appeared as irregularly shaped particles with a size

of <2 um. As the initial pH was reduced to 0.4 (AAS-0.4 sys-
tem), the transformation products appeared as rough pet-
al-shaped particles. Overall, lower initial pH can not improve
As removal efficiency significantly, but it promotes siderite
dissolution, providing a sufficient Fe source for scorodite
formation and (Fe/As ratio of 3.1 in AAS-0.4) subsequent
deep As removal.

3.3. Deep As removal via Fe-As coprecipitation

Lime neutralization and coprecipitation of Fe with As
have been widely used for scavenging and fixation of As
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from waste solution via the formation of ferric arsenate and
arsenical ferrihydrite [43—46]. The removal of aqueous As is
highly dependent on pH value. The optimal pH range for
removing arsenate is 3.5-5.5, after which the concentration
of arsenic in solution increases with increasing pH [47]. Fig. 5
shows the concentration of As and Fe in the AAS-0.4 system
as a function of the pH value. The residual concentrations
of aqueous As were 16.1, 7.62, and 1.57 mg/L at pH of 4, 5
and 6, corresponding to the removal efficiency of 99.76%,
99.88%, and 99.98%, respectively (Fig. 5a). The concentra-
tions of residual Fe decreased from 2,646 to 827 mg/L with
increasing pH value from 4 to 6 (Fig. 5b). This result sug-
gests that a pH of 6 favors the As immobilization via Fe-As
coprecipitation method.

3.4. Stability of the final products

The concentration of As in the TCLP test of final prod-
ucts was 251.8 mg/L, indicating that the solids were poorly

crystalline phases, in agreement with solid phase character-
ization (Fig. 6a). In contrast, the concentration of As in the
TCLP mixture of scorodite and Fe-As coprecipitation was
satisfactory (2.6 mg/L), which was due to dissolution of
poorly-produced scorodite could cause a significant release
of As, however, the released As would be re-stabilized via
re-adsorption or formation of Fe-As coprecipitation. This
indicates that the Fe-As coprecipitate could enhance the sta-
bility of scorodite. The long-term stability of scorodite and
scorodite and Fe-As coprecipitates mixture after 50 d was
compared. For the scorodite, the final As concentration was
165.82,193.81, and 204.47 mg/L at pH 4, 6, and 8, respectively,
after 50 d, also implying that scorodite synthesized from this
study had unsafe stability (Fig. 6b). In contrast, the long-
term stability of scorodite and Fe-As coprecipitates mixture
was satisfactory after 50 d, the final As concentration was
1.84, 2.13, and 3.20 mg/L with an increase of pH from 4 to
8 (Fig. 6¢). Therefore, the final products can be safely stored
in the environment.
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3.5. Industrial application problem

The process flowsheet for the treatment of AAS is shown
in Fig. 7. After the recovery of carbonate from the AAS lead-
ing liquor, hydrochloric acid is used for acidization to fix
As via scorodite formation. Natural siderite is used as a Fe
source in the formation of scorodite, with continuous air
injection. Finally, deep As removal was conducted via the
Fe-As coprecipitation method by neutralizing with slaked
lime.

Arsenic-alkali residue

| As solution preparation |

Neutralization |

As-NaCl solution |

Neutralization |

l

Scorodite and Fe-As residue

Hol  — |

Siderite — |

Ca(OH), —» |

Fig. 7. Process flowsheet of arsenic-alkali slag treatment.

Table 3
Research status of the arsenic-alkali slag treatment

The research status of the AAS treatment method is
presented in Table 3. The transformation of AAS to sym-
plesite is difficult under anaerobic conditions, even though
symplesite is a stable As-carrier. The cement solidification/
stabilization treatment would significantly increase the bulk
volume of the residue. Arsenic trioxide and arsenide sulfur
easily release arsenic into the natural environment via the
dissolution reaction. The Fe-As coprecipitation is an ideal
method for AAS treatment because of the high stability of
the Fe-As residue. However, the demand for the Fe source
in this method is high. In addition, the cost of Fe,(SO,),-9H,0
reagent is also expensive. The fatal defect of the crystalliza-
tion method is that the final product is usually not a single

Table 4

Economic evaluation of industrial-scale treatment for per
ton arsenic-alkali slag. (The unit price of chemical reagents is
from Chinese Suppliers)

Process chemical Price Doses Cost
reagents (USD/ton)  (kg/ton) (USD/ton)
Neutralization 31% HCl 69 273 18.8
Precipitation—

recipitation 119 145 173
crystallization FeCO,

tralization—

Neu.ra. 1z.a ion: 102 45 46
precipitation CaO
Total - - 40.7

Reagent As-carrier

Study

FeSO,-7H,0
Combined Fe salts

Symplesite
Ferric arsenate

Cement material As-cement

SO, gas Arsenic trioxide

Na,S Arsenide sulfur
Fe,(SO,),9H,0O Fe-As residue

- Mixed sodium arsenic
Mg salt Magnesium arsenate
Siderite Scorodite + Fe-As residue

Wang et al. [9]

Han et al. [10]

Jiang et al. [11]

Long et al. [7]; Long et al. [12]; Long et al. [13]
Qiu et al. [48]; Wei and Deng [49]

Su et al. [6]; Xiang et al. [26]

Chen et al. [2]; Deng et al. [3]; Li et al. [50]
Tian et al. [5,37]

This work
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arsenic-bearing solid, but a new arsenic-containing residue,
the mixed residue of sodium carbonate and sodium arsenic.
In the application of AAS treatment, although the formation
of (ammonium) magnesium arsenate in an alkaline solu-
tion, its stability is not as good as that of Fe-As residue, so it
has not been widely used.

The reagent cost of our proposed method for AAS treat-
ment was calculated, when HCl, FeCO,, and CaO were
used. The reagent cost was calculated according to 3.7 wt.%
As in AAS, the concentration of NaHCO, was 96 g/L. when
carbonate was recovered, and the pH increased from 0.4 to
6.0. The evaluated reagent cost is nearly 90.7 USD/ton AAS
(Table 4), which is significantly lower than that of previ-
ous technologies, as siderite is a cost-effective Fe source.

4. Conclusions

In this study, an alternative treatment method for scav-
enging and fixation of metallurgical arsenic-alkali slag is
proposed. The major contributions of this work include:
(1) providing an alternative treatment method for arsenic
removal and fixation in metallurgical arsenic-alkali slag
at a suitable cost (40.7 USD/ton), (2) immobilizing As from
AAS via scorodite and Fe(Il)-As(V) coprecipitation, the final
removal efficiency of As reaches 99.98%. (3) The mixture of
scorodite and Fe-As coprecipitation showed good long-term
stability at pH 4 6 and 8.
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