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Abstract: The interaction mechanism between sodium arsenate and fayalite-type copper slag at 1200 °C was
investigated through XRD, XPS, HRTEM, TCLP and other technical means and methods. The results indicated that the
proportions of sodium arsenate in the slag and flue gas phases were approximately 30% and 70%, respectively. The
addition of sodium arsenate depolymerized the fayalite structure and changed it from a crystalline state to an amorphous
state. The fayalite structural changes indicated that the [AsO,] tetrahedron in sodium arsenate combined with the [SiO4]
tetrahedron and [FeO4] tetrahedron through bridging oxygen to form a silicate glass structure. The TCLP test results of
the samples before and after the high temperature reaction of fayalite and sodium arsenate showed that after high
temperature reaction, fayalite could effectively reduce the leaching toxicity of sodium arsenate, reducing the leaching
concentration of arsenic from 3025.52 to 12.8 mg /L before and after reaction, respectively.
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1 Introduction

Copper smelting is the most important and
complex source of arsenic pollution [1-3]. During
the copper pyrometallurgical process, the majority
of arsenic is volatilized and moved into SO, flue
gas as As;O; and then transformed into arsenic-
containing waste acid by washing with dilute acid
in the flue gas cleaning system [4]. In the slagging
process, approximately 22 wt.% arsenic enters into
the copper smelting slag [5]. It is estimated that
approximately 24.6 million tons of copper smelting
slag is discharged into the environment around the
world per annum. LIU and YIN [6] determined that
this byproduct should be classified as a hazardous
material due to the presence of arsenic. In addition,
landfill disposal of such arsenic-containing copper

slag not only consumes land resources but also
increases potential environmental pollution with the
slow release of arsenic. Therefore, it is important to
find effective ways to manage this kind of copper
slag.

Past researches primarily focused on the
presence of arsenic in minerals. LI et al [7] adopted
synchrotron X-ray absorption spectroscopy and
single-crystal electron paramagnetic resonance to
study the arsenic speciation in CaB,Si,Og and
determined that arsenic was present in both the +3
and +5 oxidation states and preferentially occupied
the Si site. FILATOV et al [8] found that tetrahedral
AsO, and SiO, shared a common oxygen atom in
the K[(Al,Zn)y(As,Si),0g] crystal, namely, the
substitutions of elevated amounts of Si*" ions by
As”" jons in silicates. PAPE et al [9] found that
arsenic was added to pyrite during crystallization at
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ambient temperature, and the main arsenic
dissolution mechanism replaced the octahedral Fe**
ions sites and tetrahedral S ions sites with arsenic.
The main mineral phase in the copper slag is
Fe,Si04 [10,11], which has a similar structure to
pyrite where silicon (Si) atoms are tetrahedral sites
with isolated tetrahedra [SiOy4] units, and iron (Fe)
atoms are octahedral sites surrounded by six oxygen
atoms [12]. Arsenic dissolution in the fayalite-based
copper slag is similar to that of pyrite.

Although
conducted on arsenic in nonferrous metallurgical
slag, there are many unanswered questions on how
to prevent arsenic pollution. It is important to
understand the interaction between arsenic and
copper slag to control arsenic pollution since
arsenic in copper slag limits its use. In copper
production, a considerable part of arsenate is
produced from smelting electric collection dust
when the gaseous arsenic oxide is oxidized [13]. To

some researches have been

control arsenic pollution and recover metals, the
high arsenic content smelting electric
collection dust is recirculated during the smelting
process [5,13]. REDDY and FONT [14] determined
that arsenate was the most stable arsenic species in
copper smelting at high temperatures up to 1573 K,
which indicated that arsenic entered the slag
phase in the form of arsenate. In addition, ZHAO
et al [15] found that arsenate formed chemical
bonds with SiO, tetrahedra by bridging oxygen in
the silicate-based glass. This research provides an
important clue that the arsenic dissolution
mechanism in fayalite-based copper slag is
linked to the interaction between arsenate and
fayalite. This hypothesis requires experimental
verification.

from

The interaction mechanism of arsenate and
copper slag at high temperature is of great
significance for revealing the existence state of
arsenic in copper slag and controlling the pollution
of arsenic in copper slag. However, there are few
reports in this area of research. In this work, typical
arsenate (sodium arsenate) and synthesized fayalite
were used to study the dissolution mechanism of
arsenic in fayalite-based copper slag. In addition, a
joint characterization method was used to
characterize the reaction process and reveal possible
fayalite structure changes caused by arsenic
dissolution.

2 Experimental

2.1 Materials

Sodium arsenate (Na;AsQO,) was obtained from
NazAsO, 12H,0 (supplied by Sinopharm Chemical
Reagent Co., Ltd.) dehydrated at 700 °C. High
purity argon gas (99.999 vol.%) was used as the
protective atmosphere. Synthetic fayalite (Fe,Si0,)
was obtained as described in previous study [11].
The XRD pattern shown in Fig. 1 indicated that
Fe,SiO, was the main mineral phase in the final
product.

2.2 Experimental procedures

The experiments were carried out in a portable
controlled atmosphere furnace (OTF—1200X, Hefei
Kejing Materials Technology Co., Ltd.) (Fig. 2).
The temperature was controlled within £1 °C using
a B-type thermocouple and a proportional integral
differential controller. Different amounts of Naz;AsO,/

+ — Fe,SiO, (PDF 34-0178)
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Fig. 1 XRD pattern of synthetic fayalite (Fe,Si04)
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Fig. 2 Arsenic distribution ratio and mass fraction in
fayalite slag with different initial arsenate additions
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Na,CO; were added to the fayalite to study the
dissolution behavior of arsenate in the fayalite, with
the specimen compositions listed in Table 1. The
Sample S1 in Table 1 is a blank control sample with
only fayalite added; Samples S2 to S5 are gradually
added with sodium arsenate, increasing its content
from 5 to 20 wt.%. Since arsenic is added to the
sample in the form of sodium arsenate, to detect the
influence of sodium ions on the structure of fayalite,
a control Sample S6 is specially set up. The
specimens were prepared by firstly blending a
mixture of Naz;AsO, and Fe,SiO; evenly via
grinding in an agate mortar. Then, the mixture was
pressurized in a mounting press with 50 MPa.
Subsequently, the cylindrical-shaped mixed
material was placed into a corundum crucible (inner
diameter of 30 mm, outer diameter of 35 mm and
height of 37 mm). Afterward, the specimens were
heated at 1200 °C for 60 min. To keep the reaction
under an inert atmosphere, high purity argon gas
was continuously supplied into the furnace with a
flow of 100 mL/min as measured by a flow meter.
After the reaction, the melts were quenched to room
temperature.

2.3 Analytical methods

The specimen phase compositions and
structural properties were investigated by X-ray
diffraction (XRD, D/max2550 VB+ 18 kW) with
steps of 10 (°)/min and 26 ranging from 10° to 80°.
Fourier transforms infrared (FTIR) spectra were
collected in the range of 400-2000 cm™' using a
Nicolet IS10 spectrometer at 4 cm ' resolutions.
Magnetic properties were measured using a
physical property measurement system (PPMS
DynaCool, Quantum Design, USA) at room
temperature. XPS was performed with a Thermo
Scientific ESCALAB 250Xi using an Al K, X-ray
source (1486.6 eV). To compensate for the charging
effects, all of the spectra were calibrated with

Table 1 Raw material mass and experiment reaction condition

graphitic carbon, with a binding energy of 284.8 eV,
as a reference. Mossbauer spectra were obtained at
room temperature with an effective thickness of
10 mg/cm’ Fe in the conventional time mode with a
Mossbauer spectrometer (Wissel, GER) in the
transmission geometry using a 57 Co/Pd source.
High-resolution transmission electron microscopy
(HRTEM) was performed by an FEI Tecnai G2 F20
S T-WIN in two institutions. The TCLP test method
standard comes from USEPA method 1311.

3 Results and discussion

3.1 Arsenate content distribution at high

temperature

Sodium arsenate was set as the dominant
arsenic phase in copper slag because the arsenate
volatilization rate at high temperatures is lower, and
the arsenic dissolution process was observed in our
experiment. Additionally, arsenate is a common
arsenic phase in raw and return materials, such as
smelting ash. Figure 2 shows the fayalite slag
distribution ratio and mass fraction with different
initial arsenate additions. The results showed that
with increasing arsenate dosage in raw materials,
the arsenic mass fraction in fayalite slag increased
significantly, but the arsenic distribution proportion
in slag decreased. The mass fraction of arsenic in
slag increased from 0.67% (S2) to 2.35%, and the
arsenic distribution ratio decreased from 34 to
30 wt.%. This finding suggested that the proportion
of arsenic resolved in the slag was approximately
30 wt.%, while most of the arsenic (approximately
70 wt.%) entered the flue gas. This distribution ratio
agreed with other reports [16—18].

3.2 Arsenate and
transformation
Fayalite is a mineral with a simple phase
composition and weak magnetism. The reaction of

fayalite slag phase

Sample m(Fayalite)/g ~ m(Na3AsO,)/g m(Na,O)/g Temperature/°C  Time/min Arsenate content/wt.%
S1 30 0 0 1200 60 0
S2 28.5 1.5 0 1200 60 5
S3 27.0 3.0 0 1200 60 10
S4 25.5 4.5 0 1200 60 15
S5 24.0 6.0 0 1200 60 20
S6 27.31 0 2.69 1200 60 0
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arsenate and fayalite at 1200 °C can induce phase
and magnetism changes. Therefore, we used XRD,
hysteresis loop tests and HRTEM to study these
changes.

Figure 3(a) shows the XRD results for the
specimens with initial arsenate contents varying
from 0 to 20 wt.%. The only crystalline phase
identified in S1 was Fe,SiO,. With increasing
arsenic content, the fayalite peak intensities
presented a weakening tendency (from S1 to S3)
and eventually disappeared at S4—S5. This
phenomenon proved that introducing arsenate
gradually decomposed the fayalite phase to Fe;Ou,
which was formed from the oxidation of Fe** jons
in fayalite by As” ions in Na3AsO,. Simultaneously,
the cold end of the quartz tube was covered by a
metallic sheen layer (Fig. 3(c)) in the experiment,
which resulted from metal arsenic steam
condensation produced as in Eq. (1). Interestingly,
XRD has not detected silicon-containing or
arsenic-containing compounds, which suggested the
amorphous form of these substances [19]. We note
that by controlling the Na,COs content, the Na" ions

Da-wei WANG', et al/Trans. Nonferrous Met. Soc. China 32(2022) 709720

in S6 were guaranteed to be equal to those in S5.
The XRD pattern of S6 (Fig. 3(b)) was used to
illustrate the effect of Na ions derived from
Na;AsO4 on the fayalite. The only crystal phase
identified in S6 was FeO, which indicated that the
fayalite structure was depolymerized. Na' ions
could break the Si—O—Fe/Fe—O—Fe bond in
fayalite and release FeO. Importantly, we observed
a small hump at approximately 26=35°, which is a
typical characteristic of the amorphous state [20].
This result provides evidence of the silicate
amorphous transformation caused by Na" ions.

AsO; +Fe’ > AstFe’™ (1)
Fe*+Fe*"+0* —Fe;0, )
Na,O+2FeO-SiO,(crystal)—

2FeO+Na,0O-Si0, (amorphous) 3)

The measured magnetic properties of
specimens with different arsenate contents are
depicted in Fig.4(a), and the saturation
magnetization of samples at 1600 kA/m is shown in
Fig. 4(b). The results showed that with increasing
arsenate addition, there was an increasing trend in

@) + — Fe,Si0,
¢+ — Fe;0,

(b)
v — FeO

Small hump

O — As

10 20 30 40 50 60 70 80
20/(°)

Fig. 3 XRD patterns of specimens with different initial arsenate additions (a) and with Na,O (b), picture of quartz

tube (¢), and XRD pattern of metal arsenic (d)



Da-wei WANG', et al/Trans. Nonferrous Met. Soc. China 32(2022) 709720 713

—~ 30
'an
-4
k=
3.:/ 20
=

10

[
S1 S2 S3 S4 S5 S6

Sample

Fig. 4 Magnetic hysteresis loops (a) and magnetization in 1600 kA/m (b) of specimens with different arsenate additions
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magnetization. The specimen without arsenate (S1)
had a room temperature saturation magnetization of
3.45A-m’/kg. It is known that fayalite is an
orthorhombic system with two metal portions of
Fe*" and Fe'" ions in the structure [21]. Fe*" and
Fe'" jons are connected by the nonmagnetic
oxygen ion [—O—], and the magnetic moment is
antiparallel, therefore, S1 exhibited weak
magnetism. After adding more arsenate, the
saturation magnetization increased from 13.65 (S2)
to 41.23 A-m%/kg (S5). The significant increase in
saturation magnetization could be attributed to the
formation of Fe*" ions oxidized by As" ions and the
formation of Fe—O—Fe transition state bonds in
Fe;04. More gaps appeared in the fayalite structure
due to the smaller Fe’" ionic radii [22]. Owing to
the overlapping and inner layer with unfilled
electrons on the oxygen site, the unpaired electrons
may superexchange with neighboring 3d orbital
Fe’* electrons, leading to incomplete reverse
magnetic moment neutralization and ferromagnetic
properties. Therefore, the magnetic properties of the
whole structure were significantly enhanced. The
S6 saturation magnetization was the lowest because
Na“ ions destroyed the fayalite structure and
released FeO. FeO has antiferromagnetic
properties [23] and showed small saturation
magnetization in the test.

HRTEM experiments were performed to detect
the effect of arsenic on the internal slag structure,
and the results are presented in Fig. 5. There were
obvious lattice fringes in S1, which is a typical
characteristic of highly crystallized substances.

According to the XRD results, it was reasonable to
assign these lattice fringes to fayalite. However, the
lattice fringes were gradually replaced by
disordered speckles with increasing arsenic
(Figs. 5(b) and (c)). SONG et al [24] assigned
this kind of disordered speckle to amorphous
substances. Based on a previous study [15], it was
reasonable to believe that the amorphous substances
were due to the matrix with [AsOy] tetrahedrons,
[SiO4] tetrahedrons, and [FeO,] tetrahedrons.
These results indicated that adding arsenate
depolymerized the fayalite structure and changed it
from a crystalline state to an amorphous state.
Specifically, the isolated crystal [SiO4] tetrahedron
derived from fayalite transformed into an
amorphous [SiO4] tetrahedron.

3.3 Fayalite structure evolution

We performed a spectroscopic analysis of the
reaction products, including FTIR, XPS and
Mossbauer, to further characterize the reaction
between arsenic and fayalite. We found that the
fayalite structure depolymerized and released [SiO4]
and [FeO4] tetrahedra with increasing arsenate
content. Subsequently, the [AsOy] tetrahedrons in
arsenate combined with the [SiO4] and [FeO,]
tetrahedrons by bridging oxygen to form a glass
network structure, which was the key mechanism
for arsenic dissolution in fayalite.

The FTIR results for the specimens are shown
in Fig. 6(a). Table 2 lists the main FTIR absorption
peaks and associated groups [25—28]. These results
show that with increasing arsenate content, the
fayalite structure was gradually depolymerized.
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Fig. 6 FTIR spectra of specimens with different initial arsenate additions and with Na,O (a), and fraction of Q" units with

different initial arsenate additions and with Na,O (b)

Table 2 Assignments of different vibrational bands from

FTIR spectra
Wavenumber/ .
- Assignment
cm
473 Si—O—Si bending vibration (Q*)
507 SiO, related vibration
563 Si04 bending model

827,871,946 Characteristic peaks for fayalite crystals

750-1160 Si—O stretching vibration

Subsequently,
transformation,

we observed an amorphous
which indicated the increased
degree of polymerization (DOP) in the specimen.

Figure 6(a) shows the characteristic peaks of
fayalite crystals, including the peaks at
approximately 946, 871, and 827 cm ', which
became weak (S2, S3) and even disappeared (S4,
S5). This change proved fayalite crystals
depolymerized due to the increasing arsenate
content. In addition, a new broad peak appeared
near 800—1200 cm' in S4 and S5, which is the
typical characteristic of the matrix structure [29].
GUO et al [30] determined that CaO combined with
Fe,Si0, and readily replaced FeO in fayalite, which
led to an increase in “free” FeO activity in the slag.
Na,O addition had a similar effect as CaO, i.e., Na"
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ions induced fayalite to release FeO and generated
an amorphous sodium—silicon melt. In other words,
the [SiO4] tetrahedral crystal derived from fayalite
crystal depolymerization immediately became a
matrix state and produced a new broad peak in S4
and S5. The most important absorption peak in this
study was indexed to the [SiO4] tetrahedra
symmetric stretching vibration. The broad peak at
approximately 800—1200 cm™' linked to the [SiO,]
tetrahedral overlapping bands in Q" (Q is a
Si-centered tetrahedron and » isthe number of
bridging oxygen atoms [31]) became increasingly
distinctive, which reflected the formation of an
arsenic-containing matrix in the specimens. To
obtain detailed structural information, the broad
peak was deconvoluted, and the relative Q" content
characteristics are presented in Fig. 6(b). The
relative percentage of (Q*+Q*) followed the order
of S5, S4, and S6, corresponding to 41.12%,
35.50% and 27.15%, respectively. The Q* and Q°
structures were highly related to the DOP, meaning
that the increase in (Q*+Q?) content increased the
DOP of fayalite. Comparing the (Q*+Q’) contents
between S5 and S6 illustrated that arsenic
significantly enhanced the DOP in the specimen.
As”" jons could be incorporated as a glass former
ion with fourfold oxygen coordination ([AsOs])
bonding to [SiO4] tetrahedral [32], which enhanced
the (Q*+Q”) content in S5. The FTIR results show
that with the increase of sodium arsenate, the
fayalite structure depolymerized and released [SiO4]
and [FeOy] tetrahedra. To further reveal the specific
mechanism of the fayalite structure of sodium
arsenate depolymerization, we performed XPS
analysis on the experimental samples.

Figure 7 shows the XPS results for As 3d and
O 1s. The As 3d and Ol s binding energies migrated
with increasing arsenate content, which indicated
that an arsenic-containing key structure formed in
the matrix derived from fayalite. In Fig. 7(a), the
As 3d binding energies shifting from 44.63 eV (S2)
to 44.95 eV (S5) were strong evidence that the
arsenic dissolution species was arsenate. The As 3d
binding energy in Na3;AsO, was located at
approximately 44.29 eV (Fig. 7(b)), which was
slightly higher than the value of 43.9 eV in (AsO4)*
described by KLOPROGGE and WOOD [33]. This
kind of binding energy shift is linked to the arsenate
chemical environment change. Si, Fe, and Na
electronegativity values have been reported as 1.90,

(a) As 3d

f=44.95 S5

44,86

’\N‘,\// \W\Eﬁ/\/"
A48 s3 /)

adl s2
W
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b
®) 4429 As3d

/-/-"’/ E\_«,\,._,_/\,

38 40 42 44 46 48 50 52
Binding energy/eV
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Fig. 7 As 3d spectra of specimens with different initial
arsenate additions (a) and Na3;AsQOy, (b), and O 1s spectra
of specimens with different initial arsenate additions and
with Na,O (c)

1.83, and 0.93, respectively. For most chemical
elements, the higher the electronegativity value of
neighboring atoms or the higher the oxidation
number/coordination rate of the absorbed atoms in
the structural fragments, the greater the shift of the
corresponding peaks to higher binding energy values.
Therefore, the As 3d peak shift appeared to have
been related to higher electronegativities, which
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resulted in higher binding energies [34]. In other
words, As—O—Si or As—O—Fe substituted
As—O—Na during arsenate dissolution in fayalite.
The O1 s binding energy showed two different
trends due to the depolymerization effect and
network-forming effect. When the arsenate content
was less than 15 wt.%, the depolymerization effect
dominated. The Na" ions gradually broke down the
fayalite structure and released isolated amorphous
[SiO4] tetrahedra, which resulted in the decreasing
binding energy of Ol s in S1-S3. When the
arsenate  content was over 15wt.%, the
network-forming effect played a leading role in the
experiment. The isolated amorphous [SiOg]
tetrahedron bonded with itself or the [AsOy]
tetrahedron by bridging oxygen (BO) and induced
Si—O(BO)—As and Si—O(BO)—Si. The BO
binding energy was greater than that of nonbridging
oxygen (NBO) [35]. Therefore, a comparison
between S5 (531.35e¢V) and S6 (531.06¢V)
indicated a higher BO content in S5 than in S6 due
to arsenate dissolution. Specifically, the formation

Da-wei WANG', et al/Trans. Nonferrous Met. Soc. China 32(2022) 709720

of Si—O(BO)—As bonds caused O1 s to shift to a
higher binding energy area.

Figure 8 shows the typical Mossbauer spectra
of the specimens. The S1 Mossbauer exhibited a
single doublet with an isomer shift (IS) value of
1.15mm/s, which was due to the two octahedral
Fe’" ions in the symmetrical position sites (the
fayalite Fe*" ions in the M1 and M2 sites were fitted
in S1, and M1 and M2 sites represent the iron sites
in Fe—0O—Fe and Fe—O—Si respectively) [36].
The fayalite Mossbauer characteristics agreed with
our previous study [10]. However, as the arsenate
content increased, the two fayalite sub-spectra
intensities were weakened. In addition, three other
new Fe phases were detected, and the related
parameters are shown in Table 3.

The Mossbauer spectrum of S3 was a sum of
two sextets with broad lines and two doublets with
low peaks. The IS values of the specimens could be
used to distinguish Fe phases due to differences in
corresponding electron configurations. The IS less
than 0.4 mm/s was assigned to tetrahedral Fe*" ions

Pa Sen .

N
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Fig. 8 >’Fe Mossbauer spectra of specimens with different initial arsenate additions: (a) 0% arsenate; (b) 10% arsenate;

(c) 20% arsenate; (d) With Na,O
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Table 3 Mossbauer parameters of specimens with
different initial arsenate additions

Sample IS/ ; QS/fl I“/2/7l Relative
(mm's’) (mm's ') (mms) area
S1 1.15 2.82 0.19 1
1.09 1.66 0.37 0.133
1.16 2.8 0.19 0.431
> 0.30 -0.07 0.14 0.15
0.68 0.02 0.22 0.286
0.32 0.68 0.27 0.086
1.13 1.79 0.26 0.103
S5 1.16 2.37 0.16 0.052
0.30 -0.03 0.15 0.258
0.66 0.03 0.21 0.501
0.92 0.77 0.31 0.78
S6 1.00 1.89 0.15 0.129
1.06 245 0.17 0.09

(QS: Quadrupole splitting; /7/2: Half-linear width)

and IS was generally more positive for divalent
octahedral Fe*" ions [36,37]. Therefore, the two
sextets with IS values of 0.3 and 0.68 mm/s were
characteristic of Fe’" ions in tetrahedral positions
and Fe*" ions in octahedral positions of Fe;04. The
hyperfine parameters of the two components were

slightly smaller than the values reported in Ref. [38].

The other two doublets with IS values of
approximately 1.16 and 1.09 mm/s belonging to
Fe’" ions in the fayalite M1 and M2 sites were fitted
by least squares, and the S3 Mossbauer results
agreed with the XRD results. For the S5 Mossbauer
spectrum, Fe,SiO4 and Fe;O, were detected. In
addition, a new Fe’" phase was detected in S5 with
a characteristic IS value of approximately
0.32 mm/s, which was ascribed to the [FeOy]
tetrahedron [35]. Fe,SiO4 and FeO were detected in
the S6 due to Na' ions depolymerizing fayalite
Fe — O —Si/Fe — O —Fe. However, no crystal
related to Fe’" ions was detected in the XRD
measurement, proving that the [FeO,] tetrahedra
were amorphous in S5. In other words, the
continued arsenate addition induced matrix
generation in the specimen. In addition, the
amorphous [FeO,] tetrahedron formed a network
and bonded with the [SiO4] and [AsOy]
tetrahedrons, building up the matrix network and
forming Si—O—As and Fe—0—As bonds [39].

3.4 Fayalite and arsenate TCLP test results

To test the effect of high-temperature
reaction on the stability of fayalite and sodium
arsenate, the toxicity characteristic leaching
procedure (TCLP) test was carried out to the
pre-samples (samples S2—S4 before the high-
temperature reaction) and the roasted-samples
(samples S2—S4 after the high-temperature
reaction). The test results are shown in Table 4. It
can be seen from Table 4 that as the content of
sodium arsenate in the pre-samples increases, the
leaching concentration of arsenic also gradually
increases, from 1007.61 mg/L of pre-sample S2 to
3025.52 mg/L of pre-sample S5, which indicates
that sodium arsenate is highly harmful to the
environment. After the high-temperature reaction of
sodium arsenate and iron silicate, the arsenic
leaching concentration of the roasted samples is
significantly lower than the pre-samples, and is
controlled below 50 mg/L, which indicates that the
high-temperature reaction contributes to the
stabilization of sodium arsenate. This is because
part of the arsenic volatilized in the form of arsenic
element during the high temperature process. On
the other hand, the arsenic is fixed in the
silicon—oxygen network tetrahedron formed by
fayalite, preventing the release of the arsenic. In
addition,
increases, the leaching toxicity of arsenic in roasted
samples is on the contrary continuously decreasing.
Among them, the leaching toxicity of roasted
samples only decreases from 47.54 to 45.89 mg/L
while the content of sodium arsenate increases from
10 to 25 wt.%. However, once the addition of
sodium arsenate increases to 30 wt.%, the leaching
toxicity of arsenic in roasted-sample S5 decreases
sharply to 12.8 mg/L. This may be because Na" ions,
as a network former, can promote the formation of
silicon—oxygen tetrahedra and greatly improve the
stability of arsenic.

as the content of sodium arsenate

Table 4 Concentrations of arsenic in leachate of samples
with different initial arsenate additions after TCLP test
(mg/L)

Sample Before roasting After roasting
S2 1007.61 47.54
S3 1834.12 46.57
S4 2421.98 45.89
S5 3025.52 12.8
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4 Conclusions

(1) With increasing arsenic dosage in raw
materials, the mass fraction of arsenic in fayalite-
type copper slag increased significantly, but the
arsenic distribution proportion decreased in slag.

(2) By studying the phase transition in the
reaction process, we found that during the reaction
between fayalite and arsenic, the fayalite structure
gradually depolymerized and changed from a
crystalline state to an amorphous state. Specifically,
the isolated crystal [SiO4] tetrahedron derived from
fayalite transformed into an amorphous [SiOg]
tetrahedron.

(3) With increased arsenate content, the
fayalite structure depolymerized and released [SiO4]
and [FeOy] tetrahedra. Subsequently, the [AsOy]
tetrahedron in arsenate combined with the [SiO]
and [FeQ,] tetrahedra by bridging oxygen to form a
glass network structure, which was the key
mechanism of arsenic dissolution in fayalite.

(4) After the high-temperature reaction
between fayalite and arsenate, residual arsenic is
fixed in the silicon—oxygen tetrahedral structure
formed by the silicate. This effectively reduces the
leaching toxicity of roasted samples.
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