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Abstract
Activated carbon was one of the main adsorptions utilized in elemental mercury (Hg0) removal from coal
combustion �ue gas. However, the high cost and low physical adsorption e�ciency of activated carbon
injection (ACI) limited its application. In this study, an ultra-high e�ciency catalyst sorbent-Sex/Activated
carbon (Sex/AC) was synthesized and applied to remove Hg0 in the simulated �ue gas, which exhibited
120 times outstanding adsorption performance versus the conventional activated carbon. The Sex/AC

reached 17.98 mg/g Hg0 adsorption capacity at 160 °C in a pure nitrogen atmosphere. Moreover, it
maintained an excellent mercury adsorption tolerance at the NO and SO2 conditions in a bench-scale
�xed-bed reactor. Characterized by the multiple methods, including BET, XRD, XPS, and the DFT
calculation, we demonstrated that the ultrahigh mercury removal performance was driven from the
activated Se species in Sex/AC. Chemical adsorption was the main reason for Hg0 removal: Selenium on

the surface of AC would capture Hg0 in the �ue gas to form an extremely stable substance-HgSe,
avoiding subsequent Hg0 released. Additionally, the oxygen-containing functional groups in AC and the
higher BET areas promote the conversion of Hg0 to HgO. This work provided a novel and highly e�cient
carbon-based sorbent -Sex/AC to capture the mercury in coal combustion �ue gas.

1. Introduction
Coal combustion has caused severe environmental pollution. Mercury is a kind of toxic heavy metal,
which widely exists in coal combustion �ue gas in the form of mercury vapor, and it has resulted in the
extreme negative on environment and humungous damage to human’s health owing to the chemical
activity (highly toxic, high stability, bioaccumulation, persistence, and long-distance migration) and toxic
Hg-based derivative(Reddy et al., 2012). According to UNEP’s global mercury assessment report in 2018,
human activities have increased total atmospheric mercury concentrations up to 450% natural level. Coal
combustion �ue gas is the main anthropogenic emission source, accounting for 21%, and this number is
still increasing(Outridge et al., 2018). In general, there are three types of mercury in �ue gas: particle-
bound mercury (Hgp), oxidized mercury (Hg2+), and elemental mercury(Hg0)(Yang et al., 2018). Hgp and
Hg2+ can be removed by a dust collector and wet desulfurization device in the �ue gas treatment
facilities, respectively. However, Hg0 is hard to be removed by the general device owing to its high
volatility, chemical inertness, and insolubility(Liu & Wang, 2014; Zhou et al., 2019). Thus, there is an
urgent need for e�cient and cost-effective removal techniques for Hg0.

Currently, catalytic oxidation(Li et al., 2010; Xu et al., 2017), photochemical oxidation(Liu et al., 2014;
Zhao et al., 2018), and adsorption(Z. Liu et al., 2019) are common methods to remove Hg0. Adsorption
technology has been widely used due to its simple operation, strong stability, and less secondary
pollution(Liu et al., 2020; Yang et al., 2007). In conventional adsorptions, activated carbon injection (ACI)
is one of the most effective and widely used technology for Hg0 removal owing to its large speci�c
surface and su�cient surface oxygen functional groups(Fan et al., 2016; Krishnan et al., 1994).
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Nonetheless, raw activated carbon (R-AC) also has some disadvantages, such as high operation cost and
limited effect(Sun et al., 2017). At present, increasing the surface active sites is the most effective
method of activated carbon (AC) modi�cation, including halide modi�cation(Qu et al., 2016; Tong et al.,
2017; Zhong et al., 2017), acid and alkali modi�cation(Zheng et al., 2017), sulfur modi�cation(Sano et al.,
2017; Yao et al., 2014), metal and metal oxides modi�cation(S. Yang et al., 2019; Zhu et al., 2018), and
plasma modi�cation(Zhang et al., 2016). However, the above methods still have the problem of low Hg0

removal e�ciency. Consequently, it is necessary to develop a more e�cient and valuable modi�cation
method of AC.

Selenium (Se) shows excellent chemical combination ability in removing mercury. The binding a�nity
constant of mercury and selenide is 1022, which is one million-fold higher than that the binding a�nity
between mercury and sulfur(Ahmed et al., 2017). Selenium can combine with gaseous mercury to form
an extraordinarily stable mercury selenide (HgSe) precipitate, with solubility constant (Ksp, 1.0×10−59) as

compared to that of HgSn (Ksp, 1.0×10−52), avoiding the risk of leaching hazardous in subsequent
processing(Ahmed et al., 2017; J. Yang et al., 2019). Previous research(J. Yang et al., 2020; J. Yang et al.,
2019; Z. Yang et al., 2020) has established that selenium or selenide as an active component plays a key
role in the removal of Hg0. Yang et al. selected MIL-101(J. Yang et al., 2019) and copper foam(J. Yang et
al., 2020) as the supporters for selenium particles. These two adsorbents show excellent Hg0 adsorption
capacity. However, the synthesis process using MIL-101 or copper foam as a carrier is complex and has
not been widely used in commercial applications compared with AC. Furthermore, AC is a better material
owning to its larger speci�c surface area, better pore structure and porosity, more active site on the
surface, and higher consistency with the current industrial application. Therefore, it is a cost-effective and
prospective option to select AC as a carrier of selenium.

In this study, the different proportions of selenium activated carbon adsorbent were synthesized by a
simple high temperature selenium impregnation method. The Hg0 removal e�ciency was systematically
evaluated under different conditions (reaction temperature and gas composition). The new adsorbent has
more than ten times the adsorption capacity than R-AC. Meanwhile, according to the DFT calculation and
samples characterization analysis, the mechanism of removing Hg0 by the samples is explored. The
synergistic effect of physical adsorption caused by AC and chemical adsorption caused by Se provides
high Hg adsorption e�ciency.

2. Materials And Methods

2.1 Synthesis of sorbent
In this study, the sample of Sex/AC is synthesized by high-temperature selenium impregnation through
the following three steps. The �rst step is to pretreat AC. The AC particles (20-50 mesh) are chosen as the
carrier. Firstly, the AC is sonicated with ethanol for 30 min to remove the impurities, and then rinse the AC
with deionized water several times. Afterward, the AC is dried at 120℃ overnight in an oven and
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designated as R-AC. The second step is to synthesize the sample (Sex/AC). In this procedure, 0.4g R-AC is
thoroughly mixed with 0.4g selenium powder to obtain a completely homogeneous mixture. Then, the
mixture is calcined in the tube furnace at 300℃ for 3 h. Before starting the calcination, inert gas is blown
in for 20 min and kept during the process. The last step of this procedure is the activated treatment of the
sample. After removal from the tube furnace, the mixture is put into the mu�e furnace for 3 h, where it
preheats to 300℃. After cooling to room temperature, the �nal sample is obtained (denoted as Se1/AC).
Reducing selenium powder to 0.2 g and 0.1 g, Se0.5/AC, and Se0.25/AC are synthesized by the same
method while other parameters were �xed.

2.2 Characterization of sample
The Brunauer-Emmett-Teller (BET) method is used to measure the speci�c area and porosity of all
samples by the instrument (Micromeritics Tristar 3020 SIN 993) at -196°C by N2 adsorption and
desorption. The crystal structure of the samples is characterized by X-ray diffraction (XRD, D/Max
2550VB, Cu Kα, λ = 1.5046Å, 18kV)at 10-80°. The surface microcosmic morphology of all samples is
analyzed by scanning electron microscope (SEM, S-3400N) and energy-dispersive spectroscopy (EDS).
The chemical states of surface elemental are measured by X-ray photoelectron spectroscopy (XPS,
ESCALAB 250Xi, Al kα, hυ = 1486.6eV). The mercury species on the used Sex/AC surface is identi�ed by
Temperature-Programmed-Decomposition (TPD). During the TPD process, the sample raises from 25°C to
650°C at a rate of 5°C·min−1 in the 0.5L·min−1 pure nitrogen.

2.3 Experimental setup and procedure
The mercury removal performance of the prepared Sex/AC samples is tested in a �xed bed reactor. The
experimental setup consisted of the gas supply system (O2, N2, SO2, NO), mercury vapor generator,
constant temperature water bath, digital mercury detector (SG-921, Jiangsu Jiangfen Electroanalytical
Instrument Co., Ltd., China), electric heating furnace, and data acquisition computer. The quartz tube
(length 4000mm, inner diameter 10mm) is where the sorbent is placed, and the mercury vapor will be
removed. The quartz tube is �lled with roughly 50mg Sex/AC sample, both ends are secured with 10mm
quartz wool, and the quartz tube is then placed in the electric heating furnace and linked to the �xed bed
reaction equipment. Potassium permanganate solution is set at the end of the experimental device as the
tail gas treatment device to discharge the exhaust gas into the atmosphere after treatment.

In the experiment, the gas �ow rate is set to 100mL/min, the calculated space velocity of 6100 h−1, and
the sample mass used in the process is 50mg. Before the start of each experiment, pass the mixed gas of
N2 and mercury vapor through the mercury measuring instrument, adjust the temperature of the water
bath to reach the required concentration, and wait until the mercury vapor concentration stabilizes (within
30 min, the �uctuation do not exceed 5%). As a tail gas treatment device, a potassium permanganate
solution gas washing bottle is installed at the end of the experimental system. The digital mercury
detector is used to determine the concentration of mercury vapor at the exit. The formulas for calculating
mercury removal rate “η, %” Eqs. (1) and adsorption capacity “a” Eqs. (2) are as follows:
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η=
Cin-Cout

Cin
×100% Eqs. (1)

a =
( Cin × t− ∫ t

0Coutdt) × q
m  Eqs. (2)

where Cin and Cout (µg/m3) are the mercury input and output concentrations, respectively; t (min) is the

adsorption time; q (m3/min) is the gas total �ow rate; m (g) represents the weight of the sample.

The sample invalided is recorded when 10% penetration is attained and the experiment is terminated. (10
percent penetration: and Cout reached 10 percent of the Cin ). The time when the penetration rate
reaches 10% is recorded as the penetration time.

3. Result And Discussions

3.1 Characterization
The speci�c surface area and the pore structure parameters of all samples is calculated by BET. The N2

adsorption and desorption isotherm tests are carried out on R-AC and Sex/AC samples to evaluate the
porosity. The adsorption-desorption curves are shown in Fig. 1a. All samples had reversible type 
isotherms, which is one of the chief characteristics of mesoporous materials. It can be seen that the pore
structure parameters decreased with increasing selenium from Fig. 1b. As shown in Fig. 1b and 1c, the
BET surface area and pore volume of R-AC are 783.52 m2/g and 0.17cm3/g, which are higher than that of
Se0.25/AC (530.42 m2/g, 0.15cm3/g), Se0.5/AC (481.73m2/g, 0.12cm3/g) and Se1/AC (453.64m2/g,

0.11cm3/g) after modi�cation by selenium, and from Fig. 1c, the selenium contents of Se0.25/AC,
Se0.5/AC and Se1/AC was 3.62 wt%, 15.29 wt% and 24.64 wt%, respectively. It indicated that with the
increase of selenium loading, the BET surface area decreases. The reason is that the selenium blocked
part of the pores of AC during the loading process. As the BET surface area and pore volume of sorbent
decrease, the effect of physical adsorption in the experiment is weakened. When combined with the
subsequent Hg0 removal experiment result (Fig. 4b), it can be concluded that the adsorption capacity is
enhanced when the BET surface area of the AC decreases by selenium loading. Therefore, we speculate
that selenium provided more chemically active adsorption sites than AC in the process of Hg0 removal.

The XRD patterns of all prepared samples are shown in Fig. 1d. The measured samples only show two
broad diffraction peaks at 26° and 43°, which correspond to the amorphous carbon peak(Danmaliki &
Saleh, 2017). These two peaks are semi-crystalline pores caused by carbon decomposition along the
direction of graphitic structures(S. Yang et al., 2019). The obvious diffraction peak of Se is not detected in
the XRD spectrum of AC samples after selenium impregnation, which indicates that Se exists in the
amorphous form in Sex/AC or is highly dispersed on the surface of AC.
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The SEM images of R-AC and Se0.5/AC were shown in Fig. 2, and the microscopic morphology of the
sorbent can be clearly observed. Fig. 2a showed that there are many channels on the surface of AC
particles, and they can enhance the Hg0 adsorption capacity of AC. Fig. 2b shows that the selenium is
successfully loaded onto AC, and has a uniform dispersion on the surface of AC, which is consistent with
the XRD �ndings. Comparing Fig. S1a and b, the process of high temperature selenium impregnation
does not change the granularity of the AC. However, the loading of selenium blocked part of AC pore
channels, which explains the decrease of speci�c surface area with the loading of selenium in the BET
test. As shown in Fig. S2c and d, after the Hg0 adsorption experiment, the morphology of Se0.5/AC
changes signi�cantly, and the structure of AC is destroyed. The particle size becomes small, and the
combination of Se and Hg0 further blocks the pores of AC. It indicates that the maintenance of the
adsorbent's overall structure ensures e�cient removal of Hg0, and when the structure is disrupted, the
selenium still exists, but the effect of Hg0 removal is diminished.

3.2 Hg0 removal performance
The 12-hour Hg0 removal experiment is performed at 25°C under nitrogen. The experimental device and
the progess were presented in Fig. 3. The result in Fig. 4a indicates that the e�ciency of the mercury
removal from the sample is signi�cantly increased after the loading of selenium compared to that of R-
AC. When R-AC is used as an adsorbent, the penetration point is reached within 80 min, while the Sex/AC
shows a very excellent mercury adsorption capacity that can reach nearly 100% adsorption e�ciency
within 30 min and remain above 85% within 12h. The adsorption e�ciencies of Se1/AC and Se0.5/AC are
maintained at 93%.

The mercury adsorption penetration experiments are conducted at 25°C under N2 conditions to accurately
evaluate the mercury adsorption capacity of Sex/AC samples, and the results are shown in Fig. 4b. It can
be seen that the longest effective time is recorded by Se0.5/AC with 34.60h, while Se0.25/AC and Se1/AC
have penetration times of 12.75h and 29.25h, respectively. According to Eqs. (2), the mercury adsorption
capacities of R-AC, Se0.25/AC, Se0.5/AC and Se1/AC are calculated to be 0.15mg/g, 1.42mg/g, 4.04mg/g
and 3.40mg/g, respectively. The adsorption capacity also indicates that the selenium-modi�ed AC is
substantially improved, reaching 9.47~26.93 times of the R-AC. Comparing the three Sex/AC samples, the
Se0.5/AC is selected for the subsequent experiments with the largest adsorption capacity.

3.2.1 Effect of temperature on Hg0 removal
In order to investigate the effect of temperature on the mercury removal effect of Sex/AC, the temperature
of 80°C, 120°C, 160°C, 200°C is chosen in the mercury removal experiment and the result is shown in
Fig. 4c. Initially, the removal e�ciency of mercury is above 90% at each temperature condition.
Continuing to increase the experiment time to reach 10% penetration point (Fig. 4d), the adsorption
e�ciency shows a trend of increasing and then decreasing with the increase of temperature. The
adsorption capacity is 4.04mg/g, 4.92mg/g, 9.42mg/g, 17.98mg/g and 15.67mg/g, respectively. Thus,
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the optimal temperature range is around 160°C. During the adsorption process, the increase of
temperature stimulates the chemisorption of the sorbent, while the physical adsorption is inhibited(Qiu et
al., 2017). Based on the results of the experiment at different temperatures, it can be concluded that
chemisorption occupied an important position in this study, which is the same as the result of BET. When
the temperature is higher than 160°C, the adsorption capacity decreases because the chemical bond is
broken in high temperatures during the chemisorption process, which affects the formation of Hg-Se.
Meanwhile, the selenium-mercury combination melts, and the liquid selenium-mercury combination
blocks the pore channels of the sorbent, which affects the adsorption process(Jurng et al., 2002; Yan et
al., 2004).

3.2.2 Effect of O2 on Hg0 removal
In the actual �ue gas treatment, Hg0 removal is carried out under air conditions, so it is a question worth
investigation that whether the presence of oxygen affects the e�ciency of removal of Hg0 of Sex/AC. The
experiment is conducted under the inlet gas conditions containing 3%, 6%, 9%, and 21% O2 (the rest of the

composition is N2), and the results are shown in Fig. 4e. The Hg0 removal e�ciency is close between
different oxygen ratios, and the time to reach the penetration point is 54.77h, 58.68h, 56.68h, and 56.92h,
respectively. But they are all lower than that of nitrogen. Selenium had strong antioxidant properties(Cai
et al., 2012), and selenium loaded on AC will react with Hg0 to form HgSe. Fig. 5d (used Se 3d) shows
that SeO2 is still produced under pure nitrogen. It indicates that when oxygen is involved, competition

between oxygen and Hg0 occurs and the part of selenium reacting with Hg0 decreases. Thus, it reduces
the e�ciency of the removal of Hg0 by Sex/AC.

3.2.3 Effect of NO and SO2 on Hg0 removal
Typically, the presence of NO and SO2 in coal combustion �ue gas has an impact on the removal of Hg0.
Therefore, this paper explores the mercury adsorption e�ciency of Sex/AC in the presence of NO and SO2.
As shown in Fig. 4f, the adsorption e�ciency of Sex/AC decreases in N2+NO or N2+ SO2 compared to

pure N2 conditions. Within 24h experiment, the Hg0 removal e�ciency decreases from 97.37–92.51%
under NO atmosphere and from 98.61–86.12% under SO2. This suggests that SO2 had a toxic effect on

the adsorption of Hg0 because the SO2 molecule combined with the oxygen-containing functional groups

on the adsorption surface, competing with Hg0 and inhibiting the adsorption effect of Hg0 (Presto &
Granite, 2007). Although NO and SO2 inhibit the adsorption of Hg0 by Sex/AC, the e�ciency is maintained

at over 85%. Thus Sex/AC is an e�cient Hg0 adsorption that can protect against NO and SO2.

3.3 Hg0 removal mechanism of Sex/AC
The detailed chemical characteristics of elements in fresh and used Se0.5/AC samples are analyzed by
XPS. Fig. 5a shows the full spectrum of the fresh Se0.5/AC. It can be seen that selenium is successfully
loaded on the surface of AC, which is consistent with the EDS test result. The peak of C1s at 284.77eV,
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285.59 eV, 286.63 eV, and 288.54 eV are attributed to C-C, C-O, C=O, and COOH, respectively(Puziy et al.,
2008). Table 2 shows the changes in the relative intensity of each functional group in C1s. Compared
with fresh samples, the relative content of C-C increases from 60.08–70.85%, and the relative strength of
oxygen functional groups (C-C, C-O, C=O, and COOH) decreases from 39.92–29.15%. It indicates that the
oxygen functional groups in Se0.5/AC can promote the adsorption of Hg0 (Li et al., 2002). Hg0 will
combine with these functional through the complex electron transfer process and attach to the surface of
Se0.5/AC in the form of Hg2+. As shown in Fig. 4e, Se 3d �tting curve of the fresh sample illustrates two
strong peaks at 55.9 eV and 56.86 eV for Se3d5/2 and Se3d3/2, respectively(S. Liu et al., 2019). In Fig. 5d,
the blind energy of Se3d of the used sample moves to a lower region. It reveals that Se on the sample
surface changes from elemental selenium to Se2− during the process of removal Hg0. Meanwhile, a new
peak (59.1eV) appears in the Se 3d curve in Fig. 4f that is attributed to SeO2(S. Liu et al., 2019), indicating that
selenium reacts with oxygen. Because the experiment is carried out under pure nitrogen, it is proved that
the oxygen-containing functional groups in AC not only participate in the oxidation process of Hg0, but
also oxidize part of Se. It can be seen from Fig. 5d that the Hg 4f spectra for both used R-AC and Se0.5/AC
show two peaks. The peak at 101.6 eV and 101.1 eV corresponded to Hg4f7/2, and 105.53 eV and 107.76

eV are attributed to Hg4f5/2. The XPS results of Hg4f con�rm the existence of Hg2+ on the surface of the

used samples(Tao et al., 2012). On the surface of R-AC, Hg2+ mainly exists in the form of HgO, which is
consistent with the XPS result of C1s, while on the surface of Se0.5/AC it is mainly HgSe, which agree
with the XPS result for Se3d.

Table 2
the relative intensity of functional groups in C1s

Functional group Relative intensity (%)

Fresh Used

C-C 60.08 70.85

C-O 15.06 10.74

C=O 9.48 8.38

COOH 15.38 10.03

Oxygen functional group 39.92 29.15

In order to explore the Hg0 removal mechanism of Sex/AC, Hg-TPD is carried out to determine the mercury
species. As the result of Hg-TPD shown in Fig. 5b, it can be seen that two peaks appear at 320°C and
530°C respectively with the increase of temperature. The desorption peak around 320°C is contributed to
HgSe(J. Yang et al., 2019). In addition, the peak around 530°C can correspond to HgO which is generated
by the interaction of Hg0 and oxygen-containing functional groups in AC. The peak of physisorption is not
occurred (around 110°C)(Sun et al., 2017). The result of TPD further con�rms that the mercury species on
the Sex/AC surface are mainly HgSe and HgO, which is consistent with the previous XPS analysis.
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3.4 Calculation method and the model
In order to further explore the adsorption capacity, the density functional theory (DFT) calculation was
conducted by using the Vienna Ab-initio Simulation Package (VASP) in this work. The generalized
gradient approximation with PBE functional and the projector-augmented wave (PAW) method was
adopted. The energetic convergence threshold for the self-consistent �eld (SCF) was set to 1 × 10−5

eV/atom, and the force threshold was set to 0.02 eV/Å. According to the investigation in Fan’s work(Fan
et al., 2016), we could draw the conclusion that the adsorption behavior of Hg on pure activated carbon is
physical adsorption. In addition, we assume that there is no signi�cant electronic interaction between Se
and activated carbon because of the non-nano scale particle size of selenium. Therefore, we considered
the adsorption behavior of Hg atom on the Se slab model. The XRD pattern of the Se powder utilized in
this work was provided in Fig. 6a. According to the XRD results of Se powder, the highly exposed (101)
face plane (2×2 supercell) was considered in the construction of a 4-layer slab model with a 15 Å vacuum
region. The bottom two layers were �xed, and the top two layers were allowed to relax. Since the HgSe
have the F-43m space group, therefore a bridge adsorption model was constructed and structurally
optimized. The adsorption model is provided in Fig. 6b. The optimized bond of Hg-Se equals 2.51 Å,
which is lower than the Hg-Se bond distance of 2.72Å in the HgSe crystal. Such a conclusion represents
that adsorption is dominated by chemical adsorption.

Considering the interaction among the valence electron orbital of Hg s state and Se p state. The partial
density of states (PDOS) for the Hg s state and Se p state were presented in Figure 6c. The localized Hg s
state of the gaseous Hg atom turns to be delocalized Hg s state on the Se-slab distributing on both sides
of the Fermi level (E-Ef = 0), which represents the σ bond formation between the Hg-Se. In the PDOS of the
Se p state, the delocalized pz represents the interaction with the Hg s state. In the Bader charge of the Hg
s state, the calculated -0.3 electrons have con�rmed the electron transfer from the Hg s state to Se p
state.

The adsorption energy calculation formula is provided in the following equation

Eads (Hg) = E(Se−slab−101−Hg) - E(Hg) - E(Se−slab−101) (1)

where E(Se−slab−101−Hg) is the total energy of the Se-slab-(101) with a single Hg atom in its equilibrium
condition, which equals -162.0139 eV. E(Hg) is the total energy of the single gaseous Hg atom, which
equals -0.0294 eV. E(Se−slab−101) is the total energy of the Se-slab-(101) model, which equals -162.8895 eV.
Therefore, the Eads (Hg) equals -0.8462 eV (-81.5059 kJ/mol).

Such a value is extremely lower than the adsorption energy of transition metal-loaded activated
carbon(Fan et al., 2016) (Table S2), which demonstrates the strong chemical adsorption capacity of Se.

3.5 Adsorption mechanism
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According to the above experiment results and characterization analysis, the mechanism of Hg0 removal
over Sex/AC can be explained by two steps. The �rst step is physical adsorption. Due to the physical

properties of AC, such as excellent pore structure, the Hg0 is adsorbed onto the surface of AC as it passes
through (Eqs. 3). With the temperature rising, the effect of physical adsorption is gradually inhibited, while
the chemisorption is signi�cantly enhanced for the adsorption of Hg0. The second step is chemical
adsorption. A part of Hg(ad) will be captured by the oxygen-containing functional groups (C-O, C=O,
COOH) in AC and forms HgO (Eqs. 4). Meanwhile, a portion of selenium loaded on AC will form a
chemical bond with the Hg0 atom. Most of the selenium will convert Hg(ad) into HgSe by chemical
adsorption, accompanied by electron transfer (Eqs. 5). Thus, it can be seen that AC will only provide a
larger speci�c surface area for selenium and increase the probability of binding selenium and Hg0, while
chemical adsorption dominates the Hg0 removal process. The main reactions are as follows:

Hg0(g) + AC → Hg(ad) Eqs. 3

Hg(ad) + AC-O → HgO + C Eqs. 4

Hg(ad) + Se → HgSe + C Eqs. 5

4. Conclusions
In this study, selenium-loaded activated carbon (Sex/AC) is prepared by high temperature selenium

impregnation method for the removal of Hg0 from coal-�red �ue gas. The composite component
achieves strong physical adsorption and chemical adsorption. AC provided a larger speci�c surface area
for selenium, exposing more active sites for Hg0 binding. Uniformly dispersed Se on the surface of AC
could capture the Hg0 in the �ue gas and facilitate the formation of HgSe by chemical adsorption. Based
on the results of Hg0 adsorption experiment, Se0.5/AC shows the best e�ciency. Under optimal conditions
(Se0.5/AC, 160°C, pure N2), it can maintain more than 90% mercury removal e�ciency within 154.75h, and
the adsorption capacity is 17.98mg/g. Moreover, the adsorbent has excellent anti toxicity to NO and SO2

(the Hg0 removal e�ciency is more than 85% within 24h). SEM result revealed that Hg0 removal e�ciency
is limited by the structure destruction of the adsorption. Through the analysis of XPS, Hg-TPD, and the
DFT adsorption model calculation, the �nal mercury species formed are mainly HgSe and HgO. In a
suitable temperature range, selenium can capture Hg0 in �ue gas through chemical adsorption to form
HgSe, and the oxygen-containing functional groups in AC also paly an oxidizing role for Hg0 removal to
form HgO. Hence, Sex/AC has broad prospects in the practical application of �ue gas mercury removal.
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Figures

Figure 1

(a) adsorption-desorption curve, (b) pore volume, (c) speci�c surface area and selenium contents, and (d)
XRD of all sorbents 

Figure 2

The SEM of samples: (a) R-AC, (b)Se0.25/AC

Figure 3

Diagrammatical illustration of Hg0 removal system.
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Figure 4

(a) 12h Hg0 removal e�ciency of different samples, (b) Hg0 adsorption penetration experiments of
Sex/AC, (c) 72h Hg0 removal e�ciency of different temperature, (d) Hg0 adsorption penetration
experiments of different temperature, (e) Hg0 removal e�ciency of various O2 concentrations, (e) Hg0

removal e�ciency of N2+NO and N2+SO2.

Figure 5
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(a) the XPS full spectrum, (b) the Hg-TPD pattern of used Se0.5/AC, (c) C1s XPS spectra of fresh and used
Sex/AC, (d) Se3d XPS spectra of fresh and used Sex/AC, (e)(f) Hg4f XPS spectra of R-AC and Sex/AC

Figure 6

(a) the XRD pattern of Se powder, illustration represent the 101 face of the Se crystal. (b) Optimized
adsorption model of Se slab and mercury adsorption model. (c) The partial density of states of Hg s state
and the Se p state.
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