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A B S T R A C T

Gaseous elemental mercury (Hg0) is difficult to dispose using traditional sorbents when co-existed with high
concentration of SO2 from non-ferrous smelting gas. CuS was selected for Hg0 removal from non-ferrous metal
smelting flue gas due to large Hg0 uptake capacity under SO2 condition. Hg0 removal experiments indicated that
CuS has the largest Hg0 adsorption capacity compared to that of ZnS, CdS, MnS and SnS. The Hg0 adsorption rate
and capacity of CuS at 50 °C was 0.0716mg/(g·min) and 50.17mg/g with 50% breakthrough threshold, re-
spectively. In addition, the effects of reaction factors such as reaction temperatures and gas components (O2,
SO2, H2O, SO3) on Hg0 removal performances were investigated. O2, H2O and SO2 showed negligible influences
on Hg0 capture. However, SO3 competed with mercury for adsorption sites, resulting in a decrease of mercury
adsorption capacity. The XPS analysis and Hg-TPD results indicated that the adsorbed mercury mainly existed as
HgS on the material surface. CuS exhibited high mercury adsorption capacity under SO2 atmosphere at low
temperature, appeared to be a promising material for Hg0 capture from non-ferrous metal smelting flue gas. They
can be used co-benefit with electrostatic demister (ESD), upstream entering the acid plant for SO2 recovery.

1. Introduction

Mercury is one of the most hazardous global pollutants due to its
high toxicity, long-rang atmospheric transportation and bio-accumula-
tion performance [1]. After decades of negotiations, the Intergovern-
mental Negotiating Committee (INC) had adopted the Minamata Conven-
tion on Mercury in January 2013, aiming at controlling anthropogenic
mercury emissions globally [2]. And this convention had come into
force on August 16, 2017. Previous researches indicated that mercury
emission from nonferrous metal smelters accounted for approximately
27.6% of the total in China, particularly in zinc, copper, lead and in-
dustrial gold production processes [3–6]. Therefore, it is significant to
control mercury emission from non-ferrous metal smelters.

Generally, mercury is released from sulfides ores to flue gases
during the pyrometallurgical processes of non-ferrous metals, and pri-
marily exists in three forms: elemental mercury (Hg0), oxidized mer-
cury (Hg2+) and particle-associated mercury (HgP) [7]. Generally
speaking, gaseous mercury is primarily coexisted with high con-
centration SO2 and SO3 in flue gas. Before entering the acid plant, acid
mist/SO3 and particles are removed for avoiding V2O5 catalyst poi-
soning in a series of air pollution control devices (APCDs) including

cyclone (CC), electrostatic precipitator (ESP), wet flue gas scrubber
(WFGS) and electrostatic demister (ESD). Using these APCDs can
achieve a co-benefit removal of mercury. For example, most of Hgp can
be simultaneously collected by CC or ESP. Hg2+ can be captured by
WFGS or ESD due to its high solubility in water and sulfuric. However,
it is difficult to effectively remove Hg0 by APCDs due to its highly vo-
latility and insolubility [8]. Therefore, to meet the strict regulation for
mercury emissions, it requires additional Hg0 removal techniques after
the purification system.

Currently, the control methods for Hg0 emissions from non-ferrous
metal smelters mainly contains two categories: the one is adsorption
technique which first oxidize Hg0 with strong oxidants and then remove
oxidized mercury, or to capture Hg0 with specific adsorbents [9]. An-
other one is absorption technique, such as the Boliden–Norzink and
Bolchem processes. Absorption technique is limited for widely appli-
cation due to high operation cost, serious corrosion and potential en-
vironmental risk [10]. Meanwhile, various types of sorbents, such as
activated carbon, selenium, have been used for the adsorption of mer-
cury [11]. However, most of these sorbents are not suitable for usage
due to low mercury capacities. Some chemicals such as sulfur, halogen,
and noble metals were applied for the modification of sorbents [12–15].
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Although mercury adsorption capacities were enlarged, most of them
were easily suffered from the poisons of H2O and SO2 [16]. Therefore,
developing novel sorbents to remove Hg0 in flue gas containing high
concentration SO2 is important.

Chemical functionalization by sulfur is an important method to
enlarge mercury adsorption capacity, resulting from the fact that sur-
face sulfur compounds provide sufficient binding sites for mercury,
forming stable mercuric sulfides (HgS) [14,17]. Metal sulfides are
treated as promising adsorbents for Hg0 due to its extensive active
sulfur sites, low cost and environmental friendliness. Compared with
some traditional sorbents, metal sulfides exhibit excellent Hg0 capture
performances and super resistances to H2O and SO2. Li et al. prepared
nano-ZnS with a huge surface area, which exhibited a superior mercury
adsorption capacity (497.84 μg/g) than that of commercial activated
carbons [18,19]. Liao et al. chose magnetic pyrrhotite as a recyclable
sorbent to remove Hg0 from the flue gas because of the excellent re-
sistance of H2O and SO2 at low temperature [20]. However, mercury
adsorption capacities of these metal sulfides are still too low to use in
real industrial applications. Therefore, developing metal sulfides sor-
bents with larger mercury adsorption capacity is the key for controlling
mercury emission from nonferrous metals smelting.

Copper sulfides (CuS) has been widely investigated for its potential
application in Li-ion rechargeable batteries, gas sensors, photovoltaic
devices, and catalysis. CuS composed abundant active sulfur sites is
promising to remove Hg0 effectively. In addition, literatures indicated
that Cu-terminated active sites have strong adsorption performance for
mercury [21]. Moreover, CuS is a cheap raw material in non-ferrous
metal melting industry. Taking these advantages into account, we
consider that using CuS to remove Hg0 in smelting off-gas may be a
scientifically sound and economically feasible technique.

In this study, CuS was prepared by precipitation method to remove

Hg0 in non-ferrous metal smelting flue gas. The influences of flue gas
components such as O2, SO2, H2O and SO3 on mercury adsorption
performances, were investigated in a fixed-bed reactor. The potential
application of CuS accompany with WFGS and EDS systems was dis-
cussed. Additionally, the mechanism for Hg0 adsorption was also in-
vestigated.

2. Experimental section

2.1. Preparation of materials

Sodium sulphide (Na2S·9H2O) was purchased from Shanghai
Macklin Biochemical Company. Zinc nitrate (Zn(NO3)2·6H2O), manga-
nese nitrate (Mn(NO3)2·xH2O), tin chloride (SnCl2·2H2O), cadmium
chloride (CdCl2), copper nitrate (Cu(NO3)2·3H2O) were purchased from
Sinopharm Chemical Reagent Company. All reagents were used as re-
ceived without further purification. All the chemicals were of AR grade.
Distilled water used for all dilutions and sample preparations.

Synthesis of metal sulfide. Metal sulfide sorbents were synthesized
using simple precipitation method. In a typical procedure, 1M aqueous
solution of metal nitrates (Cu(NO3)2·3H2O, Zn(NO3)2·6H2O, Mn
(NO3)2·xH2O etc.) and 1M aqueous solution of Na2S were prepared
using distilled water. Then Na2S solution was added dropwise to the
metal nitrates solution under vigorous stirring for 2 h at room tem-
perature. The resulting turbid dispersion was aged for 2 h. The products
were separated from the solution by centrifugation. Then, the samples
were washed several times with distilled water and centrifuged, dried
under vacuum at 65 °C for 12 h. Finally, the collected samples were
ground and sieved through 120/180 meshes before used in Hg0 removal
tests.

Fig. 1. Schematic diagram of lab-scale Hg0 adsorption evaluate system.
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2.2. Characterization of materials

The Brunauer-Emmett-Teller (BET) surface area and average pore
size tests of sorbents were determined by N2 adsorption at −196 °C
using a quartz tube (Quanta chrome 2200 e). Prior to measurement, the
sorbents were degassed at 110 °C for 2 h. Powder X-ray diffraction
(XRD) patterns were carried out on Shimadzu XRD-6100 diffractometer
with Cu-Kα radiation (40 kV and 40mA). The data were recorded at a
scan rate of 10 deg/min in the 2θ range from 10 to 80°. X-ray photo-
electron spectroscopy (XPS) measurements were performed on an Ultra
DLD (Shimadzu–Kratos) spectrometer with Al Kα as the excitation
source, and the C 1s line at 284.6 eV was used as a reference for the
binding energy calibration. Temperature programmed desorption
(TPD) experiments were carried out on a self-made mercury adsorption
performance evaluation device.

2.3. Measurement of Hg0 adsorption performance

To evaluate the mercury adsorption performance of as-synthesized
sorbents, we established a lab-scale fixed-bed adsorption system as
shown in Fig. 1, which includes mercury generation system, humidifi-
cation system, SO3 generation system, fixed bed reactor system, mer-
cury detection system, exhaust gas treatment system and gas flow
control system. The concentration of Hg0 was maintained at about
1300 μg/m3 by adjusting the N2 flow rate to pass through the mercury
permeation tube and the temperature of water bath. SO3 was generated
by means of SO2 passing through a heated catalyst bed. Hg0 con-
centration of off-gas was recorded by a cold vapor atomic absorption
spectrometer mercury detector (CVASS), which was adjusted by Lumex
RA 915+. Hg0 capture experiments were carried out using a quartz
tube with internal diameter of 6mm in fixed bed reactor. 10mg of
prepared sorbents were used for all tests with a total gas flow rate of
800mL/min.

Table 1 provided a summary of the experimental reaction condi-
tions. Experiment set I was designed to investigate the Hg0 removal
efficiencies over different sulfides. And set II was aimed at investing the
optimum reaction temperature for Hg0 capture. Set III was conducted to
investigate the effect of space velocity on Hg0 removal efficiency. All
the experiments were carried out under 5% O2. In set IV-VIII, the effect
of flue gas components (O2, SO2, H2O, SO3) on Hg0 removal were stu-
died. Set IX was aimed at identifying the mercury species and ex-
plaining the mechanism of Hg0 removal over CuS by Hg-TPD.

The area under the inlet Hg0 concentration line and above a
breakthrough curves, corresponding to Hg0 on the prepared sorbents
during 180min, was used to calculate the mercury adsorption capacity
of the sorbents. The mercury breakthrough ratio (η) and adsorption
capacity (Q) were used to evaluate the Hg0 adsorption performance of
the sorbents according to Eqs. (1) and (2):

= ×η C
C
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t
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where Q is the Hg0 adsorption capacity (mg/g), Ci and Co represent the
inlet and outlet Hg0 concentration (μg/m3), respectively. m is the mass
of sorbent (g), f denotes the flow rate of the influent, and t is the ad-
sorption time (min). It is obvious that the smaller value of the ratio (η)
indicates a higher mercury removal efficiency.

3. Results and discussion

3.1. Characterization of as-prepared composites

XRD pattern of CuS is shown in Fig. 2. All the peaks in XRD pattern
of CuS were indexed to covellite, the hexagonal phase of CuS (JCPDS
Card No. 06-0464, a= 3.792 Å and c= 16.34 Å) [22]. The strong and
sharp diffraction peaks suggested that the as-obtained products were
well crystalline. The average size of particles for CuS calculated by
using the Scherrer formula with all the reflection peaks was 43 nm. As
shown in Table 3, the specific surface area of CuS was 31.129m2/g.

Table 1
Experimental reaction conditions.

Experiment Flue gas components Temperature (°C) Sorbents

Set I 5% O2 50 Different metal
sulfides

Set II 5% O2 25–175 CuS
Set III 5% O2, with different space

velocity
50 CuS

Set IV 0–10% O2 50 CuS
Set V 5% O2, 0–5000 ppm SO2 50 CuS
Set VI 5% O2, 0–10% H2O 50 CuS
Set VII 5% O2, 10% H2O,

1000 ppm SO2 (SFG)
50 CuS

Set VIII 5% O2, sorbents were
pretreated with SO3

50 CuS

Set IX N2, sorbents were
pretreated with SO3

25–700 CuS
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Fig. 2. XRD pattern of CuS.

Table 2
Comparative summary of low-temperature mercury sorbents.

Sorbents Adsorption
capacity
(mg/g)

Reaction
rate (mg/
(g·min))

Gas
condition

Temperature (oC)

CuS (this paper) 50.17
(50%)

0.0716 5% O2

1300 μg/
m3 Hg0

50

[MoS4]2−/CoFe-LDH
[26]

16.39 – 4% O2

350 μg/
m3 Hg0

75

H2S‑Modified Fe-Ti
Spinel [14]

0.69 (5%) 0.00192 110 μg/
m3 Hg0

60

Pyrrhotite [20] 0.22 (4%) 0.00028 5% O2

120 μg/
m3 Hg0

60

Fe0.1Zn0.9S [32] 8.65 (47%) 0.00482 Air
1600 μg/
m3 Hg0

20

Nano-silver [33] 8.51 – 60 μg/m3

Hg0
20

S-activated carbon 2.6 –
Micro-Se (commercial) > 5.0 –
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3.2. Elemental mercury removal performances of CuS

The experiments of different metal sulfides on Hg0 removal were
tested at 50 °C. As shown in Fig. 3(a), these sorbents exhibited different
performances. The efficiency order of the different metal sulfides could
be expressed as follows: CuS > MnS > SnS > ZnS > CdS. CdS had
nearly no Hg0 removal efficiency. The Hg0 removal efficiency of ZnS
was lower than 40%. CuS had the best removal efficiency among these
prepared materials. The Hg0 removal efficiency of CuS was about 70%
after 3 h reaction. MnS and SnS could also adsorb a certain amount of
mercury. While, their efficiencies were much lower than that of pure
CuS. This indicated that the Cu-terminated active sites played a critical
role in mercury adsorption.

The Hg0 removal performances over CuS at a temperatures range of
25–175 °C is presented in Fig. 3 (b). The mercury adsorption capacities
at 25, 50, 75, 100, 125, 150, 175 °C for 180min were 16.45, 17.05,
15.96, 15.64, 10.33, 7.07 and 0.48mg/g, respectively. It was obvious
that CuS exhibited optimal performance for Hg0 capture at 50 °C. The
mercury adsorption capacities of CuS were similar to that range of
25–100 °C. With the increase of temperature from 125 to 175 °C, the
mercury adsorption capacity decreased from 10.33 to 0.48mg/g. The
temperature of the downstream WFGS is generally lower than 75 °C.
Therefore, low temperature (25–75 °C) was more suitable for Hg0 up-
take over CuS in non-ferrous metal smelting flue gas. The mercury
adsorption breakthrough cure over CuS was evaluated (shown in Fig.

S1). The adsorption rate of CuS for Hg0 capture at 50 °C was 0.0716mg/
(g·min) and its adsorption capacity was as high as 50.17mg/g in the
present of 5% O2 (50% of the breakthrough threshold), which was
much higher than those of sulfur modified activated carbon, micro-Se
and metal sulfide listed in Table 2.

Supplementary data associated with this article can be found, in the

online version, at https://doi.org/10.1016/j.fuel.2018.08.062.
The Hg0 removal efficiencies under different space velocity were

investigated by adjusting the amount of sorbents (10mg, 15mg,
20mg). Fig. 3(c) shows the effect of space velocity on Hg0 removal over
CuS. The Hg0 removal efficiency increased with the decreasing of space
velocity. The initially efficiency was 94% at the space velocity of
1,700,000 h−1 and decreased very quickly. When the space velocity
decreased to 1,100,000 h−1, the initially efficiency was 97.5% and re-
mained for 160min. The highest removal efficiency was nearly 100%
under the space velocity of 850,000 h−1 and almost kept constant until
570min later. The space velocity used in this study was much higher
than that in actual adsorption system. The lower the space velocity, the
better Hg0 removal performance has over CuS. Therefore, CuS can still
achieve higher Hg0 removal efficiency at 50 °C under the actual space
velocity in the practical application.

3.3. Effects of flue gas components

According to the composition of the real non-ferrous smelting flue
gas, we investigated the effects of gases such as O2, H2O, SO2 and SO3

on Hg0 removal at 50 °C and the results are summarized in Fig. 4.
The mercury adsorption capacity over CuS in the absence of O2 was

about 17.53mg/g after 3 h reaction. When 5% and 10% O2 were in-
troduced into the simulated flue gas, the mercury adsorption capacities
were 17.05 and 17.22mg/g, respectively. This indicated that the

Table 3
The special surface aeration of sample.

Sorbent BET surface area
(m2/g)

Total pore volume
(cm3/g)

Average pore diameter
(nm)

CuS 31.129 0.153 17.918
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Fig. 3. Mercury removal performance of metal sulfides. (a) The Hg0 removal efficiency of different metal sulfides; (b) The effect of reaction temperature over CuS; (c)
the effect of space velocities over CuS. Reaction conditions: 5% O2 and 1300 μg/m3 Hg0 with 800mL/min flow rate.

W. Liu et al. Fuel 235 (2019) 847–854

850

https://doi.org/10.1016/j.fuel.2018.08.062


presence of O2 had little impact on Hg0 capture over CuS.
Traditional adsorbents like active carbon or transition mental oxide

are inactivated for high concentration SO2. The effect of SO2 on Hg0

removal was also investigated under 5% O2. As shown in Fig. 4, the
mercury adsorption capacity was 15.05mg/g in the absence of SO2.
When 500, 1000 and 2500 ppm SO2 were introduced into the flue gas,
the mercury adsorption capacities were 16.26, 15.93 and 15.88mg/g,
respectively. The mercury adsorption capacity was only slightly de-
creased under SO2. When the concentration of SO2 was increased to
5000 ppm, the mercury adsorption capacity was 16.9 mg/g. Results
showed that SO2 did not have a significant poison effect on mercury
adsorption capacity. Therefore, CuS can capture gaseous Hg0 effectively
under low or high concentration of SO2.

H2O vapor, as an inevitable component of flue gas, is considered to
cause a negative effect on mercury removal over various adsorbents.
The selenium filter, as one of specific adsorbents, has been used in non-
ferrous metal smelter. However, it will quickly become ineffective and
cannot regenerate, when H2O vapor in the flue gas condenses. Thus, the
effect of H2O on Hg0 removal were studied. As shown in Fig. 4, the
presence of H2O had no obvious inhibition effect on Hg0 removal.
Without H2O, the mercury adsorption capacity in 3 h was 17.05mg/g.
when 5% and 10% H2O was introduced into the flue gas, the mercury
adsorption capacity seemed lower but it still maintained 15.01 and
14.46mg/g, respectively. Large amount of SO2 and H2O vapor co-exist
in the flue gas downstream the WFGS. Therefore, Hg0 removal under
the stimulated flue gas condition (5)% O2, 10% H2O, 1000 ppm SO2)
was investigated. Mercury adsorption capacity was slightly declined
compared with that under 5% O2.

Extensive studies have conducted to investigate the effects of flue
gas compounds on Hg0 capture over sulfur-impregnated active carbon
[17,23,24], metal oxides [14,25] and sulfides [19,20,26]. Sharon et al.
found that the present of 10.7 ppm SO3 could decrease mercury capture
by activated carbon dramatically [27]. However, few literatures re-
ported the effect of SO3 on Hg0 removal over mineral sulfides. The
concentration of SO3 can reach up to 0.3 vol% in some zinc or copper
smelter. In this work, SO3-pretreated CuS was employed for Hg0 re-
moval under an atmosphere of 5% O2 at 50 °C to identify the possible
surface deactivation by SO3. Before the experiment, virgin CuS was first
pretreated under a flow of 5% O2 and 1000 ppm SO3 with 800mL/min
for 1 h at 50 °C. As shown in Fig. 5, SO3 exhibited a noticeable in-
hibitory effect on Hg0 adsorption. The efficiency of the SO3-pretreated
CuS gradually decreased to 40% after 180min reaction, which was

much lower than that observed over CuS with no pretreatment. This
indicated that the active surface Hg0 adsorption sites were at least
partially destroyed or decreased during the SO3 pretreatment process.

In conclusion, most of flue gas component had a negligible effect on
Hg0 adsorption over CuS. And this is a tremendous advantage for re-
moving Hg0 from non-ferrous metal smelting flue gas. Considering the
toxicity of SO3 to the sorbents and optimal reaction temperature, CuS
can be injected between the WFGS and ESD systems for efficient Hg0

capture, where the acid mist has been basically cleared.

3.4. Hg0 adsorption mechanism over CuS

XPS analysis was adopted to determine the chemical state and the
relative portion of main elements on the surface of samples. The XPS
analysis of Cu 2p, O 1s, S 2p and Hg 4f for the fresh and used CuS under
different gas conditions are showed in Fig. 6. The XPS spectrum of Cu in
the 2p region for fresh CuS (Fig. 6(a)) shows the binding energies of Cu
2p3/2 and Cu 2p1/2 peaks at 932.5 and 952.4 eV, respectively, which
were typical values for Cu2+ in CuS. However, after Hg0 adsorption, the
XPS spectrum of CuS exhibited change. The binding energies of Cu 2p3/
2 and Cu 2p1/2 slightly right-shift to lower binding energy, indicating
the presence of either Cu0 or Cu+. This indicated that Cu2+ was par-
tially reduced during Hg0 adsorption process.

As shown in Fig. 6(c), (d), (e), the S 2p spectra over the fresh and
used CuS appeared at 162.2, 163.2 and 169.1 eV, which were attributed
to S2−, S22− and SO4

2−, respectively [18,20,26]. Three peaks for S
appeared at the same peak position, indicated the sulfur species did not
change after the reaction. As shown in Fig. 6(g, h), the obvious peaks of
Hg 4f spectra over used CuS centered at 100.9 and 104.9 eV were as-
signed to surface HgS. As illustrated in the Table S1, the ratio of S22−

was decreased from 63.30 to 54.73% after adsorbing Hg0 in 5% O2.
Meanwhile, the ratio of S2− was increased from 13.19 to 20.61%,
which indicated that part of S22− combined with mercury to form S2−.
After adsorbing Hg0 in 5% O2+ 5000 ppm SO2, the mass ratio of S22−

was decreased from 63.30 to 47.48% compared with that under the
atmosphere without SO2. And the mass ratio of SO4

2− was increased
3.25% compared with that under the atmosphere without SO2. This
suggested that S22− played a key role in Hg0 capture by CuS.

According to the above discussion, both Cu and S active sites were
responsible for Hg0 adsorption over CuS. Hg0 adsorption over CuS was
followed the Mars-Maessen mechanism, and could be deduced as fol-
lows: firstly, gaseous Hg0 was adsorbed on the surface of CuS, forming
Hg(ad). Then, Cu2+ and S22− reacted with Hg(ad) to form HgS on its
surface. And the reaction can be described as follows:
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Fig. 4. Effects of flue gas components on Hg0 removal performance over CuS.
Reaction conditions: ∼1300 μg/m3 Hg0, GHSV=1,700,000 h−1, T= 50 °C,
the adsorption time was 3 h.
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Hg-temperature programed desorption (Hg-TPD) is an available
approach to identify the mercury species [28]. Mercury species can be
identified from the high peak temperature at which they are released.
After Hg0 adsorption under 5% O2, the sorbents were passed using pure
N2 at a heating rate 2 °C/min from 50 to 700 °C. From Fig. 7, it was
obvious that mercury desorbed during 100 to 240 °C, with a peak at
215 °C for used CuS with no pretreatment. This indicated that the pri-
mary mercury species was HgS black [26]. The CuS pretreated by SO3

was also detected by TPD experiment. The CuS pretreated by SO3 had
four peaks at 135, 215, 350 and 615 °C, respectively. The first peak at

the temperature of 135 °C was desorption of Hg0. This demonstrated the
binding affinity between sulfur site and Hg0 was decreased, which
might because SO3 was adsorbed on the surface of sorbents, and com-
peted for the active sites of Hg0 [24]. It indicated that the active surface
Hg0 adsorption sites were at least partially destroyed during the SO3

pretreatment process. The second peak at the temperature of 210 °C was
HgS-black, and a broad peak was observed at the temperature range
from 270 to 500 °C, which was HgS-red [29,30]. The peak at approxi-
mately 615 °C might be HgSO4 [31]. These results were coincided fully
with those shown in Fig. 5 that SO3 evidently limited Hg0 adsorption by
CuS.

3.5. Procedure for mercury capture from non-ferrous flue gas

Fig. 8 shows a diagram of the recycle of CuS for mercury recovery
from non-ferrous metal smelting flue gas as a cobenefit of the ESD. CuS

975 970 965 960 955 950 945 940 935 930 925

Cu 2p1/2

Cu 2p3/2

Binding Energy, eV

Fresh CuS
After Hg0 adsorption
After SO2-Hg0 adsorption

(a)

176 174 172 170 168 166 164 162 160 158

162.2 eV

163.2 eV
(b)S 2p

Fresh CuS

Binding Energy, eV

169.1 eV

176 174 172 170 168 166 164 162 160 158

162.1 eV

163.2 eV

(c)S 2p
After Hg0 adsorption

Binding Energy, eV

169.1 eV

176 174 172 170 168 166 164 162 160 158

162.1 eV

163.2 eV

(d)S 2p
After SO2-Hg0 adsorption

Binding Energy, eV

169.2 eV

116 114 112 110 108 106 104 102 100 98 96

100.9 eV
After Hg0 adsorption
Hg 4f

Binding Energy, eV

(e)

104.9 eV

116 114 112 110 108 106 104 102 100 98 96

100.9 eV

(f)Hg 4f
After SO2-Hg0 adsorption

Binding Energy, eV

104.9 eV

Fig. 6. XPS spectra: (a) Cu 2p of fresh and used CuS (b) S 2p of fresh CuS (c) S 2p of used CuS under Hg0 atmosphere (d) S 2p of used CuS under SO2-Hg0 atmosphere
(e) Hg 4f of used CuS under Hg0 atmosphere (f) Hg 4f of used CuS under SO2-Hg0 atmosphere.
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powders will be injected into the flue gas downstream of the WFGS to
capture Hg0. The temperature of the flue gas downstream WFGS is
generally 35–50 °C, and CuS shows an excellent performance for Hg0

capture in this temperature range. Moreover, most of the SO3 has been
washed down by the WFGS. The effect of SO3 on mercury adsorption
can be ignored. After Hg0 capture, CuS containing Hg will be collected
by the ESD as a mixture with waste acid. CuS can be easily separated by
conventional solid-liquid separation method like filtrate and pre-
cipitate. High concentrations of gaseous Hg0 and Hg2+ will be released
from the spent CuS by the thermal treatment at 250 °C. High con-
centrations of gaseous Hg are easily recovered for centralized control.
Deactivated CuS will be transferred to the furnace to recover sulfur
resources.

4. Conclusions

A series of metal sulfides were prepared to investigate Hg0 removal
performances from non-ferrous metal smelting flue gas. CuS presented a
super mercury adsorption capacity (50.17 mg/g with the 50% break-
through threshold at 50 °C) than the previous reported sorbents. There
were no obvious poison effects on Hg0 removal in present of SO2, H2O
and O2. However, SO3 can compete mercury adsorption sites on CuS
surface. Adequate surface coverage of S22− and Cu2+ sites were critical

to Hg0 adsorption, forming extremely stable mercuric sulfides (HgS)
species on the sorbents surface. This research also provided a technical
process for industrial application to recover Hg0 from the flue gas as a
co-benefit of ESD. The sorbents can be injected into upstream of ESD,
where SO3 has been almost removed completely and gas temperature is
about 50 °C. Future work needs to further improve mercury adsorption
capacity of CuS and develop other metal sulfides. Moreover, the influ-
ence mechanism of SO3 on the mercury adsorption will be studied as
well.
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