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AbstractIn this work, 0.15 mol/L CuCl2 solution was used to impregnate rice husk char. Experiments were conducted
in a laboratory-scale fixed-bed reactor to investigate the oxidation mechanism of Hg0 by acidic gases. The effects of
acid gases (SO2, HCl and NO) atmospheres on the mercury removal efficiency of the adsorbent were studied by FTIR,
XPS and experiments. The FTIR results showed that the surface of the prepared rice husk char adsorbent contained a
large amount of Cu2+ and chlorine-containing functional groups. The XPS results showed that the Cu+ on the surface
of the adsorbent increased after mercury adsorption. This work shows that the inhibitory effect of SO2 on Hg removal
is reflected in the blockage of the pore structure on the adsorbent surface; the competitive adsorption of O2 needed for
the generation of C-O*, the formation of an acid mist by SO2 hinders the contact of Hg0 with the active site. The pro-
motion of HCl is due to the production of active chlorine substances (Cl*) to promote the oxidation of Hg0 to HgCl,
HgCl2 and HgO. And introduction of NO will react with O2, while generation of NO2 is beneficial to the oxidation of
Hg0 to HgO and Hg(NO3)2. The optimum mercury removal efficiency of the adsorbent is nearly 100% under certain
conditions.
Keywords: Mercury, Oxy-fuel Combustion, Biomass Char, CuCl2, Acid Gases

INTRODUCTION

Mercury has attracted widespread attention due to its volatility,
indigestibility, accumulation in the global environment and neuro-
toxicity to humans [1-3]. In 2013, the Global Mercury Assessment
Technical Background Report stated that the utilization of coal in
coal-fired power plants is a significant source of mercury emissions
[4]. In October of the same year, the Minamata Convention on Mer-
cury was signed by over 140 countries [5].

The main forms of mercury in the flue gas emitted by coal-fired
power plants are: particulate bound mercury (HgP), gaseous ele-
mental mercury (Hg0) and gaseous oxidized mercury (Hg2+) [6-8].
Existing pollutant control equipment, including desulfurization and
particulate removal units, more easily captures particulate mercury
(HgP) and divalent mercury (Hg2+) [9-11]. While Hg0 is more unsta-
ble and insoluble within water, it is considered to be the key to
mercury removal [12,13]. Sorbent injection technology is an im-
portant means of mercury removal in coal-fired power plants [14].
In coal-fired electricity production, activated carbon injection tech-
nology is commonly utilized [15]. It has been shown to be useful
in the removal of mercury [16,17]. However, due to the high pro-
duction cost, high price, and low recycling rate of activated carbon,

the application is greatly restricted [18,19]. Biomass materials have
a wide range of sources, abundant resources and good regenera-
tion performance, and are natural materials for making carbon-
based adsorbents [20-22]. However, the biomass carbon material
has a very limited adsorption capacity for mercury; it is usually
treated by chemical modification methods to improve the mer-
cury removal effect of the biomass carbon [23-25].

Existing studies have shown that the modification of carbon-
based materials impregnated with CuCl2 can effectively improve the
mercury removal efficiency. Zhang et al. [26] synthesized CuCl2/
AC by impregnating CuCl2 on an activated carbon (AC) support,
showing excellent Hg0 removal efficiency over 90%. Xiao et al. [27]
studied the adsorption and oxidation properties of CuCl2-MF for
Hg0 under different conditions. Under the optimal conditions, using
CuCl2-MF injection combined with existing pollutant control devices,
the total mercury removal efficiency rate reached 98.72%. Chen et
al. [28] investigated the mercury removal performance of CuCl2
modified activated carbon. The effects of operating parameters and
gas composition were investigated. It was found that CuCl2-AC
exhibited excellent mercury removal performance under various
conditions compared with the raw activated carbon.

There are still few studies on the mercury removal mechanism
of copper salt modified char in acid gas in oxy-fuel combustion
atmosphere. To obtain the mercury removal mechanism of rice
husk coke containing copper under oxy-fuel combustion atmo-
sphere, this work focuses on the effect of acid gas in flue gas under
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oxy-fuel combustion atmosphere on the mercury removal perfor-
mance of rice husk coke containing copper, and analyzes the phys-
ical and chemical properties of adsorbent before and after the reac-
tion by using FTIR, XPS and other characterization techniques. The
novelty of this work is to explore the modification of agricultural
waste rice husk coke with copper chloride to prepare a high-effi-
ciency mercury removal adsorbent with mercury removal effi-
ciency of more than 95% under certain conditions, and to study
the mercury removal mechanism of the adsorbent under different
acidic atmospheres, providing theoretical support for the develop-
ment of biomass mercury removal adsorbent. This study adopts
this method because of the need in the oxy-fuel combustion atmo-
sphere and the lack of relevant conditions in previous studies.

EXPERIMENT AND METHOD

1. Adsorbent Preparation
The origin of the raw materials used in the experiment is Nan-

jing, Jiangsu. These rice husks were repeatedly washed with deion-
ized water and dried in a drying oven. Then the rice husks were
crushed with a crusher, and the biomass in the size between them
was sieved with a standard sieve of 50 mesh and 150 mesh. Then
the sieved biomass powder was put in a crucible, then put it into a
muffle furnace, and pyrolysis was performed at 600 oC for 10-15
minutes, then the crucible was taken out and opened for cooling
to obtain the corresponding biomass char. A standard sieve was
used to get the 70-140 mesh original rice husk char. A mixed solu-
tion of CuCl2 and rice husk char was prepared, and the mixed solu-
tion was stirred with a magnetic stirrer for 6 h, then allowed to
stand for 6 h. Then the mixed solution was filtered, the Cu-con-
taining rice husk char was washed with deionized water until the
liquid under the funnel was colorless; the washed char sample was
put into a constant temperature drying oven, and dried at 80 oC
for 6 h. Finally, after the Cu-containing rice husk char was cooled,
the samples were bagged and kept for future use. The concentra-
tion of CuCl2 used in the preparation of Cu-containing rice husk
char was 0.15 mol/L, the ratio of rice husk char to CuCl2 solution
is 1 g: 50 ml, which was marked as RHC-Cl1.5.
2. Experimental Apparatus

This experiment was carried out on a fixed bed mercury adsorp-
tion experimental platform as shown in Fig. 1. The experimental

Fig. 1. Schematic diagram of the mercury adsorption experimental platform.

Table 1. Experimental conditions
Test Atmosphere
01 70%CO2+6%O2+300ppmSO2

02 70%CO2+6%O2+600ppmSO2

03 70%CO2+6%O2+900ppmSO2

04 70%CO2+6%O2+10ppmHCl
05 70%CO2+6%O2+20ppmHCl
06 70%CO2+6%O2+30ppmHCl
07 70%CO2+6%O2+400ppmNO
08 70%CO2+6%O2+800ppmNO
09 70%CO2+6%O2+1200ppmNO
10 70%CO2+6%O2

platform is mainly composed of the following parts: mercury vapor
generating device, gas distribution system, tube furnace, mercury
analyzer and exhaust gas purification device. The adsorbent is dis-
persed on a glass tube through quartz wool, and the glass tube is
installed in a tube furnace. The length of the glass tube is 1,100
mm and the diameter is 20 mm. Ar is used as the carrier gas and
the balance gas of the system. The carrier gas carries the mercury
vapor generated by the water bath into the flue gas mixer to mix it
with other gases. The function of the balance gas is to keep the total
flow of the experimental flue gas unchanged; Ar is an inert gas and
will not participate in the reaction of the experiment. The tube
furnace temperature was set to 150 oC during the reaction. Mer-
cury analyzer model was QM208B. The total gas flow rate was
2 L/min, and the initial mercury vapor release was 54.4g/m3 in
the experiment. The experimental measurement time is 2 h. The
specific experimental atmosphere working conditions are shown
in Table 1.
3. Evaluation Index of Adsorbent Adsorption Performance

The mercury breakthrough rate  can reflect the mercury re-
moval performance of the adsorbent under different experimen-
tal conditions, which is calculated by Eq. (1) [29].

(1)

C0
out is Hg0 concentration at the reactor outlet, g/m3; C0

in is Hg0

concentration at the reactor inlet, g/m3.

   
C0

out

C0
in

--------- 100%
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The mercury uptake per unit of mercury provides a good esti-
mate of the performance of the adsorbent for mercury per gram.
The precise equation is provided by Eq. (2).

(2)

where t stands for the test time, between 0 to 120, min; 

 is the

breakthrough rate at ; Q is the total stream of the gas, L/min; M
is the weight of the adsorbent that was utilized during the study, g;
m, the accumulated adsorption capacity for each gram of adsor-
bent from 0 to t, g/g.

RESULTS AND DISCUSSION

1. Sorbent Characterization
To analyze the changes of oxygen-containing functional groups

on the surface of the samples during the modification process, the
samples before and after modification were characterized by FTIR.
Fig. 2 shows the results of FTIR spectroscopy analysis of rice husk
char before and after modification. The fluctuation at 892 cm1 is
attributed to the C-O-C absorption peak [30], and the peak at
1,065 cm1 is attributed to the stretching vibration of C-O and Cl-

m  
QCin

M
----------- 1  r d

0

t


Fig. 2. FTIR analysis of rice husk char before and after modification.

Fig. 3. XPS spectra of RHC-Cl1.5.

C-Cl [31], indicating that the active Cl in the modified solution
was successfully loaded into the rice. The shock at 1,248 cm1 is
attributed to C-O stretching [32], 1,394 cm1 is -COOH [33], 2,988
cm1 and 2,901 cm1 are C-H stretching shocks [34,35]. The peak
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at 3,675 cm1 is attributed to the vibration of -OH [36]. The for-
mation of -OH contributes to the increase of chemisorbed O and
can facilitate the removal of Hg by ligand exchange [37]. It can be
seen that the number of oxygen-containing functional groups on
the surface of the sample after immersion in the modified solution
has been greatly improved, and these oxygen-containing functional
groups are beneficial to the removal of Hg0.

X-ray photoelectron spectroscopy (XPS) analysis of O 1s, Cl 2p
and Cu 2p of the modified adsorbent is shown in Fig. 3. It can be
seen from the figure that the surface of the adsorbent modified by
CuCl2 impregnation was successfully loaded with chemisorption
oxygen (C-O*), C-Cl and Cu2+, and these functional groups have
been proved to be beneficial for the removal of mercury [29,38].
2. Effect of SO2 on Mercury Removal

On the basis of 70%CO2+6%O2 atmosphere, the mercury re-
moval experiments were carried out by adding SO2 with concen-
trations of 300ppm, 600ppm and 900ppm, respectively. The mer-
cury breakthrough rate curves of different SO2 concentrations are
shown in Fig. 4. Mercury uptake of different SO2 concentration is
shown in Fig. 5.

It can be seen from Fig. 4 that when SO2 with concentrations of
300 ppm and 600 ppm is added, the mercury penetration rate de-

creases to 40% in the first 10 minutes and then remains stable in
the following 110 minutes. The mercury penetration rate after two
hours is 32.73% and 34.95%, respectively. The difference between
the two stabilized mercury penetration rates is very small: only
2.22%. When the SO2 concentration increased to 900 ppm, the
mercury penetration rate maintained a slight downward trend after
falling to 67.74% in the 8th min, and the final value was 56.45%.
At this time, the mercury removal efficiency of the adsorbent was
greatly inhibited.

It can be seen from Fig. 5 that after two hours, the cumulative
adsorption amount of mercury unit at the concentration of 300
ppm and 600 ppm SO2 was 170.00g/g and 159.31g/g, respec-
tively. The difference between the two is 10.69g/g, with little dif-
ference. When the SO2 concentration increased to 900 ppm, the
mercury unit cumulative adsorption decreased to 93.53g/g, the
difference from 600 ppm SO2 was 65.78g/g, and the decrease
ratio was 41.29%. It can be seen that the high concentration of SO2

has a more obvious inhibitory effect on the removal of mercury.
It can be found that with the increase of SO2 concentration, the

mercury breakthrough rate gradually increases and the mercury
uptake gradually decreases in the experiment. Therefore, it can be
concluded that SO2 has an inhibitory effect on the mercury removal
of rice husk char. While the effect of 300 ppm and 600 ppm con-
centrations of SO2 on mercury removal efficiency was not signifi-
cant, the inhibition effect of SO2 at 900 ppm concentration on
mercury adsorption was more obvious. The reason for this phe-
nomenon may be due to the dual effect of SO2 on mercury removal.
On the one hand, SO2 will be oxidized to form SO3 in the pres-
ence of O2, and SO3 can further interact with Hg0 to form stable
HgSO4 [39]. The reaction equations are described by Eqs. (3)-(4)
[40]. On the other hand, SO2 may have an adverse effect on the
removal of Hg0 through the following ways: one is to block the
pore structure on the surface of rice husk char, which hinders the
adsorption of Hg0 on the surface of the adsorbent [41]. The sec-
ond is to compete with Hg0 for the active site of oxidation, weak-
ening the oxidation process of Hg0 [42]. At low concentrations, the
promoting effect of SO2 can offset part of the inhibitory effect, so
the inhibitory effect is not obvious, which is why the inhibitory
effect is more obvious at high concentrations. This is similar to the
conclusion of Wu et al. [43].

(3)

(4)

To further elucidate the effect of SO2 on the mercury removal
process of rice husk char modified by CuCl2, the O 1s, Cl 2p, Cu
2p, S 2p and Hg 4f were characterized on the used adsorbent sur-
face by XPS; the results were shown in Fig. 6.

For O 1s, the wave crest located at 531.9 eV, 533.2 eV was con-
nected with chemical adsorbed oxygen (C-O*) [44] and C-O [45].
After mercury adsorption, the C-O* content on the adsorbent sur-
face decreased from 87.29% to 47.49%, and the C-O content in-
creased from 12.71% to 52.51%. This indicates that the adsorbent
combines with oxygen in the environment to generate C-O*, and
C-O* participates in the oxidation process of Hg and partially
converts to C-O. The reaction equations are described by Eqs. (5)-

SO2  1/2O2 SO3

Hg0
 1/2O2   SO3 HgSO4

Fig. 4. Mercury breakthrough rate of different SO2 introduction.

Fig. 5. Mercury uptake of different SO2 introduction.
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(6) [46,47].

(5)

(6)

For Cl 2p, the peak at 199.3 eV was attributed to Cl [48], peak
at 200.6 eV belonged to C-Cl groups [49]. Compared with the ad-
sorbent before adsorption, the Cl content decreased from 78.65%
to 62.41%, and the C-Cl content increased from 21.35% to 37.59%.
Some studies [50,51] have shown that the C-Cl groups may pro-

vide an active site to oxidize Hg0 to be HgCl and HgCl2, and con-
vert to Cl during the reaction of Hg0. Further, in the presence of
O2 and SO2, HgCl2 can be converted into a more stable HgSO4

[52]. The reaction equations are described by Eqs. (7)-(11) [53,54].
The process of converting HgCl2 to HgSO4 will generate Cl2, which
in turn reacts with O in the environment to generate Cl species,
the Cl species and C generate C-Cl functional groups again, which
can explain why the content of C-Cl increases after adsorbent.

(7)

2C   O2 2C-O*

C-O*   Hg HgO   C

Cl   C C-Cl

Fig. 6. XPS spectra of RHC-Cl1.5 used adsorbent in SO2 environment.
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(8)

(9)

(10)

(11)

For Cu 2p, the wave peaks at 933 eV, 937.3 eV, 942.8 eV and
952.9 eV are attributed to Cu+, satellite peak, satellite peak and
Cu+, respectively [55-57]. The content of Cu2+ nearly disappears. It
is speculated that the oxidation mechanism of CuCl2 to Hg0 is as
follows: Hg0 is oxidized by lattice Cl in CuCl2; this process reduces
CuCl2 to CuCl [58].

For S 2p, the peaks detected at 168.9 eV and 169.9 eV are at-
tributed to SO4

2 [59] and HSO4
 [60], respectively. It is confirmed

that SO2 will be oxidized in oxy-fuel atmosphere and HgSO4 may
be generated. For Hg 4f, the peaks of 102.4 eV and 103.4 eV are
attributed to the presence of HgCl2 and HgSO4 [61,62]. This can
prove the occurrence of the reaction process of Eqs. (9) and (10).

In summary, the inhibitory effect of SO2 on Hg removal may be
achieved by the following ways: from the physical level analysis,
SO2 tends to block the pore structure of the adsorbent surface,
which hinders the reaction of Hg0 with the active sites on the
adsorbent surface. From the chemical level analysis, one is that
SO2 generates competitive adsorption of O2 needed in the process
of generating C-O*, and the other is that HSO4

 generated by SO2

tends to form a layer of acid mist covering the adsorbent surface,
which will hinder the contact between Hg0 and CuCl2 and weaken
the oxidation of Hg0, tending to block the carbon surface with O2,
creating a barrier to the generation of oxygen-containing functional
groups such as C-O*.
3. Effect of HCl on Mercury Removal

On the basis of 70%CO2+6%O2 atmosphere, the mercury removal
experiments were carried out by adding HCl with concentrations
of 10 ppm, 20 ppm and 30 ppm, respectively. The mercury break-
through rate curves of different HCl concentrations are shown in
Fig. 7. Mercury uptake of different HCl concentration is shown in
Fig. 8.

As can be seen from Fig. 7, compared with before the addition,

there is a slight decrease in the mercury breakthrough rate in the
first 16 min after the addition of 10 ppm HCl, but the trend of both
mercury breakthrough rate curves is basically flat in the following
104 min. While the mercury breakthrough rate decreases signifi-
cantly in the first 60 min after the addition of 20 ppm HCl. After
adding 30 ppm HCl, the mercury breakthrough rate was higher
than that of the 20 ppm condition in the first 36 min; it remained
low after 36 min. The minimum mercury penetration rate reaches
7.7%, but its penetration rate decreases slowly until 38 min, which
is lower than other conditions.

It can be seen from Fig. 8 that with the increase of HCl, the
mercury uptake of the CuCl2 modified rice husk char adsorbent
gradually increased. And the adsorption amount did not increase
much when 10 ppm was added compared with that not added,
from 175.89g/g increased to 181.93g/g, the increment was
only 6.04g/g. The adsorption amount when 30 ppm was added
was 206.89g/g; the increment was 31g/g. The mercury uptake
rate of the 20 ppm in the first 36 minutes is far less than that of the
30 ppm, so it shows that the mercury uptake rate of the former is
higher than that of the latter in 2 h. It may be that high concentra-
tion blocked the pore structure of the adsorbent, which caused the
decrease of mercury removal efficiency.

To further elucidate the effect of HCl on the mercury removal
process of rice husk char modified by CuCl2, the O 1s, Cl 2p, Cu
2p and Hg 4f were characterized on the used adsorbent surface by
XPS; the results are shown in Fig. 9.

For O 1s, the peaks detected at 531.4 eV and 533.3 eV are attri-
buted to C-O* and C-O, respectively [63,64]. After the adsorption
experiment, the C-O* content on the adsorbent surface decreased
from 87.29% to 60.89%, while the C-O content increased from
12.71% to 39.11%. It indicates that C-O* was involved in the oxida-
tion process of Hg0 and new C-O functional groups were generated.

For Cl 2p, the peak positions at 200.3 eV and 201.5 eV corre-
spond to Cl and C-Cl [65,66]. The Cl content decreased from
78.65% to 75.4%, while the C-Cl content increased from 21.35%
to 24.6%. Although the oxidation process of Hg may consume C-
Cl, the HCl in the atmosphere will supplement the C-Cl, so the C-
Cl content on the surface of the adsorbent after the reaction

Hg  C-Cl HgCl    C

HgCl   C-Cl HgCl2   C

HgCl2    O2   SO2 HgSO4   Cl2

O   Cl2 ClO  Cl

Fig. 7. Mercury breakthrough rate of different HCl introduction.

Fig. 8. Mercury uptake of different HCl introduction.
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increases instead. The HCl in the atmosphere is first adsorbed on
the surface of the adsorbent, then the HCl dissociates to form active
chlorine species (Cl*), and Cl* further reacts with Hg0 to form
HgCl2. The possible reaction process is as follows: Eq. (12)-(14) [67].

(12)

(13)

HCl H   Cl*

Hg  Cl* HgCl

Fig. 9. XPS spectra of RHC-Cl1.5 used adsorbent in HCl environment.

Fig. 10. Mercury breakthrough rate of different NO introduction. Fig. 11. Mercury uptake of different NO introduction.

(14)

For Cu 2p, the peaks detected at 933.1 eV, 942.8 eV and 952.9
eV are attributed to Cu+, satellite peak and Cu+, respectively [68-
70]. The content of Cu2+ is not detected, indicating that Cu2+ par-
ticipated in the oxidation process of Hg0. For Hg 4f, the peaks at
101.5 eV and 103.2 eV are due to the presence of HgCl2 and HgO
[71,72].

HgCl   Cl* HgCl2
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4. Effect of NO on Mercury Removal
On the basis of 70%CO2+6%O2 atmosphere, the mercury removal

experiments were carried out by adding NO with concentrations
of 400 ppm, 800 ppm and 1,200 ppm, respectively. The mercury
breakthrough rate curves of different NO concentrations are shown
in Fig. 10. Mercury uptake of different NO concentration is shown
in Fig. 11.

It can be seen from Fig. 10 that the mercury breakthrough rate
of Cu-containing rice husk char can reach the steady state more

Fig. 12. XPS spectra of RHC-Cl1.5 used adsorbent in NO environment.

quickly when NO is added to the flue gas. Under the flue gas with-
out NO, the mercury penetration rate of Cu-containing rice husk
char started to stabilize at 18 min, and its lowest value was 20.8%,
which was higher than that of the flue gas with NO. When 400
ppm NO was introduced, the stabilization time of mercury break-
through rate was advanced to 8 min, and fluctuated around 16.2%
from 8 min to 98 min with a range of less than 1.5%. After that,
the mercury breakthrough decreased gradually, and the minimum
of 9.2% was obtained at the end of the experiment. When the NO
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concentration was 800 ppm, mercury breakthrough rate was also
stable around 8 min, but in the first 44 min, the mercury penetra-
tion rate gradually decreased and reached the lowest value of 7.3%,
and then slowly increased and fluctuated. With the increase of NO
concentration to 1,200ppm, the decrease of mercury breakthrough
rate was more obvious, and the efficiency of mercury removal from
the adsorbent reached more than 95% after 4min of the experiment.

As shown in Fig. 11, the addition of NO improved the mer-
cury uptake of the Cu-containing rice husk char, and this improve-
ment increased with the increase of NO concentration. At the end
of the experiment, the mercury uptake of nitrogen-free flue gas
was the lowest, which was 175.9g/g, accounting for 67.4% of the
input mercury mass. With the increase of NO concentration, the
mercury uptake of Cu-containing rice husk char increased. When
the NO concentration in the flue gas was 400 ppm, the mercury
uptake of mercury per unit was 211.3g/g, which is 35.4g/g
higher than that of the nitrogen-free flue gas, accounting for 80.9%
of the input mercury mass. When the NO concentration increased
to 800ppm, the mercury uptake t only increased by 12.1g/g, which
was close to the adsorption amount at 400 ppm NO. When the
NO concentration reached the maximum of 1,200 ppm, the mer-
cury uptake increased by 27.6g/g to 251g/g, which accounted
for 96.1% of the input mercury mass.

To further elucidate the effect of NO on the mercury removal
process of rice husk char modified by CuCl2, the O 1s, Cl 2p, Cu
2p, N 1s and Hg 4f were characterized on the used adsorbent sur-
face by XPS; the results are shown in Fig. 12.

For O 1s, the wave peaks at 531.4 and 533.3 are associated with
C-O* and C-O, respectively [71,73]. Note that the content of C-
O* in NO atmosphere (22.50%) is much less than that in SO2

(47.49%) and HCl (60.89%) atmosphere, which may be the result
of competition between NO and C-O* formation process for O2.
NO2 can promote the oxidation of Hg0 and is also beneficial to the
removal of mercury Hg0. As shown in Eq. (15)-(17) [74,75].

(15)

(16)

(17)

For Cl 2p and Cu 2p, the content of C-Cl did not change much
before and after adsorption, indicating that in the NO atmo-
sphere, C-Cl hardly participated in the oxidation process of mer-
cury, and the content of Cu2+ all disappeared too. The main role
was played by NO. As shown in Eq. (18) [76]. Since Hg(NO3)2 is
volatile, it is speculated that it may be released from the reactor in
the form of gas phase at the experimental temperature [77], which
may be the reason for the lower content of NO3

 and Hg(NO3)2

detected on the N 1s and Hg 4f spectra.

(18)

CONCLUSION

In this work, 0.15 mol/L CuCl2 solution was used to impregnate
rice husk char. The results of Fourier transform infrared spectros-
copy (FTIR) and X-ray photoelectron spectroscopy (XPS) showed

that the amount of oxygen-containing functional groups and chlo-
rine species on the surface of the samples after immersion was
greatly improved. The effects of SO2, HCl and NO atmospheres
on the mercury removal efficiency of the adsorbent were studied
by experiments and XPS. The results showed that high concentra-
tions of SO2 inhibited the mercury removal efficiency of the adsor-
bent. While the mercury removal efficiency gradually increased
with the increase of HCl and NO concentrations.

In SO2 atmosphere, the main mercury products are HgCl2 and
HgSO4. At low concentrations, the promoting effect of SO2 can
offset part of the inhibitory effect, so the inhibitory effect is not
obvious, which is why the inhibitory effect is more obvious at high
concentrations.

In HCl atmosphere, the HCl in the atmosphere is first adsorbed
on the surface of the adsorbent, then the HCl dissociates to form
Cl species, and the formed Cl species further reacts with Hg0 to
form HgCl2.

In NO atmosphere, NO is oxidized by O2 to NO2, which can pro-
mote the oxidation of Hg0, which is beneficial to the removal of
Hg0. The main mercury products are HgO and Hg(NO3)2.

The presence of O2 in the environment can supplement the
consumption of C-O*, and NO may compete with the formation
of C-O* for O2. C-Cl and C-O*, facilitating the removal of Hg0

and converting Hg0 into HgCl2 and HgO.
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