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Abstract

The release of mercury (Hg) species from coal-fired power plants has attracted increasing concern, and the development of an
efficient and economical method to control Hg species emission from such plants is urgently required. Activated carbon is a
compelling sorbent for the elimination of mercury species from flue gas, but the adsorption mechanism of mercuric oxide clusters
on carbonaceous materials is still unclear. Therefore, the adsorption characteristics of mercuric oxide clusters on activated carbon
were investigated systematically utilizing density functional theory in this work. It was found that mercuric oxide clusters are
chemically adsorbed on activated carbon, and that the pre-adsorption of SO, on the activated carbon leads to complicated
mercuric oxide cluster adsorption behavior due to an irregular distribution of the electrostatic potential on the surface of the
carbonaceous material. Thermodynamic analysis indicated that the adsorption energy of SO, on activated carbon is lower than
that of mercuric oxide clusters in the temperature range 298.15—-1000 K. Competitive adsorption analysis suggested that mercuric
oxide clusters are at least 10%!" times more likely than SO, to be adsorbed on activated carbon.
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Introduction

Mercury pollution is regarded as particularly dangerous due to
its high toxicity, the ease with which it becomes concentrated
in organisms, and the difficulties involved in removing this
pollution [1, 2]. The main anthropogenic source of mercury
pollution is currently coal-fired power plants [3], causing
global concern over the release of mercury from stationary
combustion sources. Therefore, it is important to eliminate
mercury pollution from power stations as urgently as possible.
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There are three types of mercury in flue gas: elemental mer-
cury (Hg®), oxidized mercury (Hg”*), and particulate-bound mer-
cury (HgP) [4]. While there has been a great deal of research into
Hg° removal [5-10], the elimination of Hg** has barely been
studied. However, it is very important to remove Hg2+ from flue
gas because when the gas passes through the selective catalytic
reduction (SCR) system, some of the Hg” present is oxidized to
Hg* by catalysts [11]; indeed, for coal-fired power plants that
burn bituminous coal, as much as 98% of the Hg’ is oxidized
[12]. Moreover, the catalytic oxidation of Hg’ by oxygen has
been viewed as a promising method of controlling mercury pol-
lution [11, 13—17], but this process converts most of the Hg0 n
flue gas to Hg”*, making it even more important to develop
techniques for eliminating Hg**.

There is no specialized method for removing Hg”* in coal-
fired power plants, but it can be removed together with other
toxic chemicals. Some of the Hg** can be adsorbed on carbona-
ceous materials such as activated carbon to form HgP during the
Hg? removal process; the HgP can then be removed by an elec-
trostatic precipitator system (ESPS) or fabric filters (FF). Hg**
vapor can also be removed from the desulfurization slurry using
awet flue gas desulfurization (WFGD) system, which makes use
of its high solubility in water [7]. Although some research into
the adsorption of Hg®* by a WFGD system was recently
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published [18], a corresponding investigation of the mechanism
for the removal of Hg** on activated carbon is still awaited.

Activated carbon is considered a perfect sorbent for flue
gas due to its low cost and excellent gas adsorption properties,
and it has been widely used to remove H,S [19, 20], arsenic
species [21], Hg® [22-24], and NO, [25] in real-world appli-
cations. Moreover, quantum chemistry supplies wonderful
methods that can demonstrate the excellent adsorption char-
acteristics of activated carbon at the molecular level. Shen
et al. [26] carried out theoretical calculations of the adsorption
of H,S on a carbonaceous surface, and they found that the
adsorption energy of H,S on the sorbent could reach
—664.9 kJ/mol. Gao et al. [27] investigated the adsorption of
As,05 on carbonaceous chars, and they observed that a zigzag
char possessed an outstanding adsorption capacity for As,O3,
with a high adsorption energy of —480.20 kJ/mol. Zhang et al.
[28] found, using a quantum chemistry method, that the ad-
sorption energy of NO on activated carbon reached —178.5 kJ/
mol. These results suggest that activated carbon could also
have a high capacity to adsorb mercuric oxide clusters.

In order to gain a comprehensive understanding of the mech-
anism for the adsorption of mercuric oxide clusters on different
activated carbons, and to facilitate the development of guidelines
for the elimination of mercuric oxide, we performed quantum
chemistry calculations of the adsorption of mercuric oxide clus-
ters on activated carbon. First, the adsorption energies of various
mercuric oxide clusters on different activated carbons were ob-
tained. Second, coals with high mercury contents tend to be high-
sulfur coals [29], so the influence of the pre-adsorption of SO, on
the adsorption of mercuric oxide clusters on activated carbon was
researched for various stable configurations of SO,-adsorbed ac-
tivated carbon. The electrostatic potential (ESP) distribution was
calculated to characterize the activity of the carbonaceous surface
after it had been modified by the adsorption of SO,. Third, ther-
modynamic analysis was performed across a wide temperature
range (between 298.15 K and 1000 K) with the intention of
investigating how the adsorption energy varies with the temper-
ature. Lastly, based on this thermodynamic analysis, a detailed
analysis of the competitive adsorption of SO, and mercuric oxide
clusters as a function of temperature was conducted using the
Boltzmann distribution function (Bgs) in order to gain a deeper
understanding of the adsorption of mercuric oxide clusters on
activated carbon. The results of this work not only reveal the
mechanism for the removal of mercuric oxide clusters by acti-
vated carbon, but they also lay the foundations for the further
study of mercury elimination using Hg" catalytic oxidation tech-
nology in coal-fired power plants that burn high-sulfur coal.

Computational details

Density functional theory (DFT) has been shown to be a fa-
vorable choice for calculating structural properties as it
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provides a good balance between computational efficiency
and accuracy [6]. In this work, the structural optimizations
and frequency calculations for all molecules were performed
at the B3LYP/6-31G(d) level (except for Hg, for which the
SDD basis set was used) and implemented using the
Gaussian09 software package [30], and related single-point
energy calculations were carried out at the PWPB95-D3(BJ)
[31] (double hybrid density functional)/def2-TZVP (all-
electron basis sets for elements in the first four rows) level
utilizing the ORCA 3.0.1 software package [32] to obtain
accurate electronic energy information. The B3LYP/6-
31G(d) level was selected as it has been widely applied in
studies of the adsorption of small gas molecules on carbona-
ceous materials [28, 33, 34], and the Stuttgart group basis set
(SDD) was utilized for Hg atoms in order to account for rel-
ativistic effects [35]. The PWPB95-D3 (BJ)/def2-TZVP level
was employed to derive the single-point energy because of its
high accuracy when examining carbonaceous materials [27,
36, 37]. Frequency analysis was performed to check for imag-
inary frequencies and obtain the zero point energy (ZPE) and
corresponding thermodynamic quantities [38].

The ground state of each structure was determined via
single-point energy calculations for several spin multiplicities.
The structure with the lowest Gibbs free energy was consid-
ered the ground state (i.e., the most thermodynamically stable
configuration of the molecular system of interest [35]). The
Gibbs free energy can be obtained by adding the thermal free
energy obtained at the B3LYP/6-31G(d) level to the electronic
energy obtained at the PWPB95-D3(BJ)/def2-TZVP level,
and it is worth mentioning that the temperature was always
maintained at 298.15 K in our calculations, except in some
thermodynamic calculations.

When a gas molecule is adsorbed on the surface of activat-
ed carbon, the overall process tends to be exothermic, and the
heat released is defined as the adsorption energy, which can be
calculated as follows [39]:

AGyas = Gap—Ga—Gs.

Here, Gap represents the Gibbs free energy of the whole
system AB, and G, and Gg are the Gibbs free energies of the
adsorbate and the activated carbon, respectively. There are two
types of adsorption. If the value of AG,qs is in the range from
—0.3 to —0.1 eV, the absorption can be classified as physical
absorption. If its value is more negative than —0.5 eV, it is con-
sidered to be chemical adsorption [40]. Basically, a more nega-
tive value of AG,4s corresponds to a stronger adsorption energy.

Thermodynamic analysis was carried out from 298.15 K to
1000 K, reflecting the variation in the temperature of the flue
gas from boiler outlet to chimney [41]. The Boltzmann distri-
bution function was used to probe the competitive adsorption
of mercuric oxide clusters and SO, quantitatively across the
temperature range of interest. The Boltzmann distribution
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Fig. 1 Optimized models of the
activated carbon surface
employed in the present work

(a) Armchair char moldel

function represents the adsorption probability ratio for two
molecules (A and B) competing for the same active site, which
can be determined by the following equation [42, 43]:

Bgr = ]Nv—;: = exp (— 4G(A3€_TG(B)).

Here, G(A) and G(B) are the ground-state Gibbs free ener-
gies (in eV) of molecules A and B, respectively; k is the
Boltzmann constant (8.62 x 107> eV K !); and T is the tem-
perature of the molecular system (in K). Obviously, the greater
the value of By, the higher the probability that molecule A is
adsorbed on the sorbent instead of molecule B. Analyzing Bg¢
allows us to quantitatively explore, at a molecular level, the
competition between the mercuric oxide clusters and SO, to
bind to the carbon.

Results and discussion
Modeling the surface of activated carbon

In this work, a model consisting of finite benzene clusters in a
monolayered graphitic structure (a common simplified model
of activated carbon) was adopted to describe the surface of the
carbonaceous material. Models similar to this one have been
successfully utilized in many investigations [26, 28, 33, 34,
39, 44, 45], and have yielded accurate results in studies of Hg
species [3, 7, 26, 45, 46]. It has also been shown by solid-state
'3C NMR that activated carbon consists of clusters of 3—7
benzene rings [26, 47], and plenty of investigations have

(b) Zigzag char model

indicated that the size of the benzene clusters in the activated
carbon has little effect on its capacity to adsorb other mole-
cules, although the edge shape of the activated carbon is
known to play an important role in gas adsorption [26, 27,
48]. Furthermore, Montoya et al. [49] argued that the reactiv-
ity of a carbonaceous surface depends mainly on the local
structure around the active sites; for instance, whether an arm-
chair or a zigzag structure is present. Hence, in order to pro-
vide enough adsorption sites and ensure that our results are
comprehensive, we examined two models: one with six ben-
zene rings in an armchair structure, and the other with seven
benzene rings in a zigzag structure. Unsaturated carbon atoms
in the models acted as the active sites, and other carbon atoms
at the edges of the models were saturated completely with
hydrogen atoms to avoid boundary effects [50]. Figure 1
shows the two models of activated carbon, namely the arm-
chair and zigzag models, after geometry optimization.

Moreover, the average C—C bond lengths and C—C—C bond
angles were counted after geometry optimization. For the arm-
chair model, bond lengths were 1.40 A on average and the
mean C—C—C bond angle was 120.1°. The average C—C bond
length was 1.41 A and the mean C-C—C bond angle was
120.0° for the zigzag model. These values are very close to
the corresponding experimental data [51], indicating that our
models are reasonable.

Adsorption of mercuric oxide clusters on activated
carbon

Mercuric oxide clusters tend to consist of 1-4 HgO molecules
[52], and considering the complicated chemical nature of flue gas

seala VI

(a) HgO (b) Hg,0,

Fig. 2 Models of the mercuric oxide clusters Hg,O, (x=1-4)

(c) Hg,O, (d) Hg,0,
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Table 1 Comparison of

Table 2 Adsorption energies of Hg, O, clusters on activated carbon

the average Hg—O bond Cluster Mean Hg-O bond length (A) structures
length for each mercuric
oxide cluster calculated HgO 2.26 (2.04 [52]) Configuration Eags (V) Configuration Eags (V)
in our work. with the Hg,0, 2.21 (2.24 [52]) ] .
gorrgslpogii}llni :ufera:igfs Hg05 2.09 (2.17 [52]) Armchair-HgO-1 —1.47 Zigzag-HgO-1 -1.67
ond 1en. obtamed m a - - — 1 _ - —
orevious study HgO, 2.03 (2.34/2.19 [52]) Armchair-HgO-2 3.21 Zigzag-HgO-2 5.40
Armchair-(HgO),—1 —6.02 Zigzag-(HgO),—1 —6.50
Armchair-(HgO),—2 —-1.03 Zigzag-(HgO),—2 -3.18
and the wide range of temperatures that occur in boilers, it is Armchair-(HgO);—1 —5.58 Zigzag-(HgO)s-1 —-9.49
necessary to take each mercuric oxide cluster size into consider-  Armchair-(HgO);—2 -6.75 Zigzag-(HgO)s-2 -5.57
ation. Various configurations of mercuric oxide clusters were Armchair-(HgO)4-1 —2.97 Zigzag-(HgO),~1 -7.75
considered, and the stablest—i.e., those with the lowest  Armchair-(HgO),—2 -3.37 Zigzag-(Hg0)4—2 —4.93
ground-state energies—were selected for this investigation, as
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Fig.4 Four configurations for the
adsorption of SO, on activated
carbon

(c) Zigzag-SO,-A

shown in Fig. 2. The structures we obtained were found to be
highly consistent with previously reported data on these clusters,
as shown in Table 1.

To gain useful insight into the adsorption of mercuric oxide
clusters on activated carbon, we considered various adsorption
sites and all possible adsorption orientations of the mercuric ox-
ide clusters on the carbonaceous surface. Sixteen stable adsorp-
tion configurations were explored for the armchair and zigzag
activated carbon models, as shown in Fig. 3; detailed parameters
are listed in Table 2. It is clear from this table that all possible
adsorption configurations of mercuric oxide clusters on armchair
activated carbon can be categorized as chemical adsorption due
to the considerable adsorption energies involved (exceeding
—1.03 eV). For the eight adsorption configurations on zigzag
activated carbon, the adsorption energies were generally even
larger than those associated with armchair activated carbon, in-
dicating that the zigzag activated carbon is more active than the
armchair activated carbon. This conclusion was also drawn in
previous studies [53, 54], and can be explained by theoretical
calculations indicating that the zigzag carbon has sextet spin in
the ground state whereas the armchair carbon has singlet spin in
the ground state, pointing to a closed-shell system in the ground-
state armchair structure and an open-shell system in the ground
state of the zigzag structure. The existence of unpaired electrons
in the open-shell system leads to enhanced surface activity.

(d) Zigzag-SO -B

Compared to the adsorption of Hg” on a carbonaceous sur-
face, the interactions between the activated carbon structures and
the mercuric oxide clusters were found to be pretty strong, which
can be attributed to the charge on the Hg atoms in the mercuric
oxide clusters. The strong adsorption of mercuric oxide clusters
by activated carbon suggests that activated carbon could be a
great candidate for use as a sorbent for mercuric oxide clusters,
and it supports the argument that the mercuric oxide clusters
generated by SCR catalysts could be adsorbed on activated car-
bon and then removed via ESP/FF, rather than retaining the Hg**
in a vapor state so that it can be removed using a WFGD system.

Effect of the pre-adsorption of SO, on the adsorption
of mercuric oxide clusters by activated carbon

The pre-adsorption of a small amount of SO, is actually ben-
eficial to the adsorption of Hg’ [55], so we wanted to investi-
gate how the pre-adsorption of SO, would affect the adsorp-
tion of mercuric oxide clusters by activated carbon. In this
research, a study of the pre-adsorption of SO, was first carried
out, and SO, molecules were then adsorbed in four configu-
rations denoted Armchair-SO,-A, Armchair-SO,-B, Zigzag-
SO,-A, and Zigzag-SO,-B, respectively (see Fig. 4), with ad-
sorption energies of —1.80, —1.60, —2.89, and —3.48 ¢V, re-
spectively. Based on these four poses of SO, on activated
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Fig. 5 Scenarios for the adsorption of mercuric oxide clusters on SO,-modified activated carbon

-10

Il Pure char

B E. . of Type A

- Eads of Type B
g

HgO Hg,0,Hg,0,Hg,0,Hg0 Hg,0,Hg,0,Hg,0,
Armchair Zigzag

Fig. 6 Adsorption energies of the Hg,O,, clusters on activated carbon and
SO,-modified activated carbon
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carbon, 16 scenarios for the adsorption of mercuric oxide
clusters on SO,-modified activated carbon were examined
(see Fig. 5), focusing on adsorption energies as well as elec-
trostatic potentials.

As shown in Fig. 6, the adsorption energies of the mercuric
oxide clusters on the pure armchair/zigzag activated carbon
and the SO,-modified armchair/zigzag activated carbon were
obtained for the most stable configurations. The results indi-
cated that the pre-adsorption of SO, had a complicated effect
on the adsorption of the mercuric oxide clusters. The adsorp-
tion of the clusters can be enhanced or suppressed depending
on the configuration for the adsorption of the SO, on activated
carbon, the edge structure of the activated carbon model, and
the particular mercuric oxide cluster considered. This result is
quite different from the adsorption behavior of Hg" on SO,-
modified activated carbon. It was also noted that the
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adsorption energies of mercuric oxide clusters on the
Armchair-SO,-A and Zigzag-SO,-A structures are similar to
or even far greater than those for the clusters on the Armchair-
SO,-B and Zigzag-SO,-B structures, indicating that the con-
figurations involving direct O—O bonding to the activated car-
bon (type A) are more active than those involving O—S bond-
ing or the binding of O to the carbonaceous surface (type B).

In order to further explain how the pre-adsorption of SO,
affects the adsorption capacity of the activated carbon surface,
we examined the electrostatic potential (ESP) distribution.
ESP analysis of molecular surfaces is useful because it allows
the interactions between molecules to be predicted and de-
scribed [37, 56]. It has therefore been applied to characterize
the activities of carbonaceous systems [57]. Furthermore, ESP
analysis can be employed to conveniently explore such sys-
tems qualitatively when used in conjunction with the
wavefunction analysis software Multiwfn [58]. Therefore, an
investigation of ESP at the activated carbon surface was con-
ducted to gain a deeper understanding on the activities of the
various activated carbon surfaces as well as the relationship
between the ESP distribution and the adsorption energy.

The surface area ratios for various ESP values on each
activated carbon surface and each SO,-modified activated car-
bon surface are presented in Fig. 7a. The absolute values of
ESP shown in this plot correlate directly with the adsorption
ability of the sorbent. A plot of the cumulative sum of the
surface area ratios (as shown in Fig. 7a) with increasing ESP
for each activated carbon system is provided in Fig. 7b. The
shallower the curve representing the cumulative sum of the
surface area ratios, the greater the fraction of the activated
carbon surface that exhibits high ESP. In Fig. 7b, the curves
for zigzag activated carbon are always below the correspond-
ing curves for armchair activated carbon, implying that the
zigzag carbon is always more active than the armchair carbon,
in good agreement with the conclusion we drew based upon
the adsorption energies, thus indicating that the ESP distribu-
tion could be a useful descriptor of activated carbon activity.
Moreover, we observed that more than 60% of the surface of
each activated carbon structure presented ESP values ranging
from —0.3 to 0.3 eV. Considering the fact that we sealed the
active sites on three sides of the activated carbon model,
allowing active sites to occur on only one side of the model,
it is reasonable to speculate that the areas with absolute ESP
values above 0.3 eV should belong to the regions with acces-
sible active sites on the edge of the model. Besides, it is clear
that in the surface regions with absolute ESP values between
0.3 eVand 1.5 eV, the area ratio sum curves cross over in some
cases, indicating that one of the activated carbon structures
changes from being less to being more surface active than
another activated carbon structure. Therefore, none of these
activated carbon models show unusually high or low adsorp-
tion ability across the whole surface area, although the adsorp-
tion capacity of edge sites differs significantly between

activated carbon structures. The phenomenon of crossing area
ratio sum curves for the activated carbon surfaces is likely to
be one of the main reasons why the pre-adsorption of SO, did
not always improve the adsorption capacities of the activated
carbon structures for mercuric oxide clusters, in contrast to the
adsorption of Hg". Of course, this may also be attributable to
various other reasons, such as differences in adsorption sites
and intermolecular binding, or huge distortions during the
adsorption process.

Thermodynamic analysis
The variation in the adsorption energy of each mercuric oxide

cluster on each activated carbon structure was then investi-
gated to explore thermodynamic effects on this adsorption.

50 —
Il Pure Armchair

40 4 I Arm-SO,-Type A
_ Il Arm-SO,-Type B
s I Pure Zigzag
& 30+ I Zig-SO,-Type A
% Il Zig-SO,-Type B
£ 20
o
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Q
< 10
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(a) The area ratio for the ESP value of activated carbon models
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—— Arm-SO,-Type A
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Fig. 7 ESP distributions for different activated carbon models. a Plot of
the surface area ratios of various ESP values for the activated carbon
models. b Plot showing curves representing the cumulative sum of the
surface area ratios (as depicted in a) as a function of ESP value for each
activated carbon model
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Considering the range of temperatures experienced by flue
gas from boiler outlet to chimney in coal-fired boilers, we
selected a temperature range of 298.15-1000 K for our ther-
modynamic study. Based on the adsorption energy trends
shown in Fig. 8, it is clear that the strength of the interactions
between mercuric oxide clusters/SO, and the activated carbon
structures is inversely proportional to the temperature.
Recently, the development of SCR technology and the cata-
lytic oxidation of nitrogen oxides and mercury at low tem-
peratures (298.15-550 K) have become hot research topics in
the fields of pollutant treatment and catalytic science, and the
high adsorption capacity of activated carbon for mercuric
oxide clusters at low temperatures make it a great candidate
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for use as a sorbent. Moreover, it was found that the adsorp-
tion strengths of the mercuric oxide clusters and SO, on the
armchair activated carbon decrease in the order
(HgO); > (HgO), > (HgO), > HgO > SO,; the corresponding
order for adsorption on zigzag activated carbon is
(HgO); > (HgO)4 > (HgO), > HgO, > SO,. Thus, the adsorp-
tion energy of SO, on the carbon is relatively weak, and any
mercuric oxide cluster would win a competition with SO, to
bind at an active site on activated carbon.

In previous literature, the existence of a large amount of
SO, was reported to block Hg” removal [59]. The correspond-
ing influence of competitive adsorption on the adsorption of
mercuric oxide clusters is discussed in the next section.
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Analysis of the competitive adsorption of mercuric
oxide clusters and SO,

Though the adsorption energies of mercuric oxide clusters on
activated carbon are far greater than the adsorption energy of
SO, on activated carbon, the very different volume fractions
of mercury species (0.1 ppm [11]) and SO, (50 ppm to
17,190 ppm [60]) in flue gas could significantly alter the pre-
sumed order of adsorption (i.e., that mercury species are
adsorbed before SO,). In order to probe the mechanism for
the adsorption of these species on activated carbon and to
investigate the impact of the volume fractions of these species
in flue gas on their competitive adsorption behavior, quantita-
tive research into the adsorption probabilities of mercuric ox-
ides by SO, was carried out utilizing Byr. Gao et al. [42]
investigated the co-adsorption of NO and CO molecules on
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Fig. 9 The logarithm of the Boltzmann distribution as a function of
temperature. a Logarithm of the Boltzmann distribution function as a
function of temperature for armchair activated carbon. b Logarithm of
the Boltzmann distribution function as a function of temperature for
zigzag activated carbon

various graphenes (catalyzed by single iron atoms) using By
and obtained favorable values for the adsorption probabilities
of NO and CO on different sorbents, indicating that By could
be a useful descriptor of competitive adsorption on carbona-
ceous materials. In flue gas, the amount of SO, is 500—
171,900 (10*7°-10°*) times greater than the amount of mer-
cury species. We have plotted the relationship between the
logarithm of B4r and the temperature in Fig. 9, and the results
show that the logarithm of B4ralways declines with increasing
temperature for adsorption on armchair and zigzag activated
carbon structures. This is consistent with the tendency for the
adsorption energy to increase as the temperature drops. The
lowest values for the logarithm of B4 were about 8.11 and
9.15 for armchair activated carbon and zigzag activated car-
bon, respectively, suggesting that the adsorption probabilities
of mercuric oxide clusters are at least 10%!" and 10”'° times
greater than that of SO,. These values are obviously far larger
than the volume fraction advantage of SO, over the mercuric
oxide clusters (102'707105 '24). Therefore, taking into account
the adsorption energies and concentration factors obtained
from thermodynamic analysis and competitive adsorption
analysis, we can conclude that there is barely any competition
for adsorption sites between mercuric oxide clusters and SO,
in flue gas—almost all of the active sites on activated carbon
would be occupied by mercuric oxide clusters rather than SO,.
Thus, in contrast to the adsorption of Hg” on carbonaceous
materials, the adsorption of mercuric oxide clusters on activat-
ed carbon would be virtually unaffected by the presence of the
SO, in flue gas. Furthermore, rather than the traditional acti-
vated carbon injection method employed for Hg” removal, it
would be better to use Hg” catalytic oxidation to remove Hg"
from flue gas in power plants that use high-sulfur coal, as this
would remove the unwanted competition from SO, for ad-
sorption sites and thus improve the mercury removal process.

Conclusion

To obtain a comprehensive understanding of the adsorption of
mercuric oxide clusters on activated carbon, we have used
density functional theory to investigate the effects of the pre-
adsorption of SO, on the activated carbon, analyze the ESP on
the activated carbon surface, probe the thermodynamics of the
process, and assess the impact of competitive adsorption of
mercuric oxide clusters and SO,. Based on the results of this
study, we can draw four main conclusions:

(1) The adsorption of mercuric oxide clusters on activated
carbon can be categorized as chemical adsorption, as it
involves high adsorption energies (exceeding —1.03 eV).
This implies that activated carbon could be an excellent
sorbent for removing mercuric oxide clusters from
power-plant flue gas.
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