
Fuel 158 (2015) 891–897
Contents lists available at ScienceDirect

Fuel

journal homepage: www.elsevier .com/locate / fuel
Co-benefit of Ag and Mo for the catalytic oxidation of elemental
mercury
http://dx.doi.org/10.1016/j.fuel.2015.05.034
0016-2361/� 2015 Elsevier Ltd. All rights reserved.

⇑ Corresponding author. Tel./fax: +86 21 54745591.
E-mail address: nqyan@sjtu.edu.cn (N. Yan).

1 These two authors contributed equally to this work.
Songjian Zhao a,1, Zhen Li b,1, Zan Qu a, Naiqiang Yan a,⇑, Wenjun Huang a, Wanmiao Chen a, Haomiao Xu a

a School of Environmental Science and Engineering, Shanghai Jiao Tong University, 800 Dong Chuan Road, Shanghai 200240, PR China
b School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, 800 Dong Chuan Road, Shanghai 200240, PR China
h i g h l i g h t s

� The doped silver can significantly
improve Hg0 oxidation efficiency.
� Ag(2%)–Mo–Ti catalyst had high

oxidation efficiency when O2 was
inexistence.
� Ag(2%)–Mo–Ti had a superior

resistance toward sulfur dioxide.
� The role of silver on the Hg0 oxidation

process was discussed.
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The performance of catalyst-combining silver (Ag) and molybdenum (Mo) for elemental mercury (Hg0)
oxidation was clearly improved, and the experimental results demonstrated the synergy between Ag
and Mo. The physical and chemical characterizations indicated that Ag0 and Ag2MoO4 nanoparticles
existed on the surface of TiO2 for Ag(2%)–Mo–Ti. Furthermore, the oxidation ability of Mo–Ti was
enhanced, and the redox temperature decreased after silver was added. The gas component analysis
demonstrated that HCl was the main catalytic component, and the catalyst still had high oxidation effi-
ciency when O2 was nonexistent. Ag(2%)–Mo–Ti had a superior resistance toward SO2. Furthermore, Hg0

breakthrough, desorption, and HCl pretreated experiments were conducted to investigate the catalytic
mechanisms of Hg0 oxidation. The results indicated that Ag had an absorbency role on HCl and Hg0,
and Mo and chemical adsorption oxygen had a catalytic effect on HCl. Adsorbed active Cl subsequently
reacted with adsorbed Hg0 followed by the Langmuir Hinshelwood mechanism at low temperature.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction hazardous and toxic pollutant under Title III of the 1990 Clean
Mercury emitted from coal-fired power plants has raised con-
siderable concern because of its volatility, persistence, and bioac-
cumulation in the environment. Mercury was listed as a
Air Act Amendments (CAAA) in the United States [1]. To protect
human health and the environment from mercury emissions, the
Environmental Protection Agency (EPA) updated the emission lim-
its for new power plants under the Mercury and Air Toxics
Standards (MATS) on March 28, 2013. Over 140 nations agreed to
sign the Minamata Convention on controlling global anthropogenic
mercury emissions in 2013, as well [2]. China was regarded as one
of the largest contributors to global, anthropogenic atmospheric
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mercury emissions, accounting for roughly 27% of total [3,4].
Among these mercury emission sources, coal-fired power plants
are a major contributor because of the large coal consumption
for power generation [5]. Therefore, it is imperative to make strong
efforts to reduce mercury emissions from coal-fired power plants.

Mercury emitted from coal-fired flue gas can be classified into
three forms: elemental mercury (Hg0), oxidized mercury (Hg2+)
and particulate-bound mercury (Hgp) [6]. Hg0, which is the main
component of mercury in the gas phase and is notably difficult to
remove from the environment due to its high volatility and low
solubility in water [7]. However, Hg2+ has much higher solubility
in water; therefore, the oxidation of Hg0 to Hg2+ followed by the
use of typical air pollution control devices, such as ESPs and
wet-FGD, is a promising method for mercury removal [8]. To date,
great efforts have been undertaken to develop various types of cat-
alysts for mercury oxidation [9].

Molybdenum trioxide (MoO3) is one of the most important
transition metal oxides due to its rich chemistry that is associated
with multiple valence states and its high thermal and chemical sta-
bility [10]. MoO3 is widely applied in, for instance, catalysts, sen-
sors, photochromic and electrochromic materials, electrochemical
devices, and recording media [11,12]. While molybdenum is fre-
quently added as a promoter to vanadium-based catalysts in the
selective catalytic reduction (SCR) of NOx [13] and in Hg0 oxidation
[14], its catalytic oxidation activity is poor.

Silver has been recognized and is often used as an effective cat-
alyst [15,16]. Ag can generate electrophilic oxygen, which facili-
tates the redox process [7]. Furthermore, adding elemental silver
weakens the bond strength between oxygen and metal, thereby
explicitly decreasing the activation energy values of the desorption
of surface oxygen species [17]. Regarding Hg0 removal, silver is rec-
ognized as an efficient adsorbent for the capture of Hg0 at low tem-
perature by an amalgamation mechanism. Additionally, Ag and
molybdenum can be combined to generate Ag2MoO4, which is an
important catalyst used in the photocatalytic field [18,19].
Therefore, adding sliver to modify molybdenum is useful for
enhancing the oxidation ability of Mo for Hg0 catalytic oxidation.

In this study, a series of catalysts were prepared and character-
ized using an X-ray diffractometer (XRD), transmission electron
microscopy (TEM), H2 temperature programmed reduction
(H2-TPR), and X-ray photoelectron spectroscopy (XPS). Next, the
Hg0 oxidation efficiency of the Ag-modified Mo–Ti catalyst at low
HCl concentrations was investigated. The effect of the flue gas
components on Hg0 oxidation was also examined. Finally, the cat-
alytic mechanisms involved in improving the efficiency at various
temperatures were discussed.

2. Experimental section

2.1. Preparation of catalysts

Mo–TiO2, Ag–TiO2, Ag–Mo–TiO2 were prepared by the impregna-
tion method. Appropriate amounts of P25 and (NH4)6Mo7O24�4H2O
were mixed and stirred for 1 h, marked as A solution. The mixed
solution of PVP and AgNO3 precursor was stirred for 6 h at room tem-
perature, marked as B solution. B solution was added by drops into A
solution and stirred constantly for 2 h. Next, the mixed solution was
evaporated and dried with a rotary evaporation apparatus
(RE-52AAA, Shanghai) and finally calcined in a muffle furnace for
5 h at 500 �C. The Mo–TiO2, Ag–TiO2 and Ag–Mo–TiO2 catalysts are
abbreviated as Mo–Ti, Ag–Ti and Ag–Mo–Ti. The element propor-
tions of Ag and Mo to TiO2 are based on the atomic percentages,
i.e., Ag(x%)–Ti represents the Ag/TiO2 mole ratio, and 1% was omit-
ted. The preliminary experiment indicated that 2% Ag was appropri-
ate for Ag(1%)–Mo–Ti, Ag(2%)–Mo–Ti and Ag(3%)–Mo–Ti due to the
higher Hg0 oxidation efficiency.
2.2. Catalytic activity evaluation

The catalytic activity of the as-prepared samples was evaluated
in accordance with the previously described criteria [7], including
data for a simulated gas preparation system, a catalytic reaction
device, a cold vapor atomic absorption spectrometer (CVAAS) and
an online data acquisition system. The simulated gas system and
the catalytic reaction device included eight mass flow controllers
to prepare the simulated flue gas compositions and a fixed-bed
reactor (a quartz tube with the inner diameter of 6 mm and a
tube-type resistance furnace). The catalyst (40–60 meshed parti-
cles) was filled in a quartz tube and fixed with quartz wool. Hg0

vapor was prepared from an Hg0 permeation unit and was blended
with the gases before they entered the reactor. The concentration
of Hg0 in the gas was analyzed using a mercury analyzer (CVAAS
SG-921).

At the beginning of each test, the gas containing Hg0 initially
passed through the bypass without a catalyst; it was subsequently
sent to the CVAAS to determine the baseline. When the concentra-
tion of Hg0 was maintained within ±5% for more than 30 min, the
gas was diverted to the fixed-bed reactor with the catalysts.
Until the catalysts were saturated, 5 ppm HCl was passed in the
apparatus to estimate the oxidation efficiency of the Hg0. The gas
flow rate was 30 L/h, corresponding with a space velocity (SV) of
4.26 � 105 h�1. N2 was used as the carrier gas, and the oxygen con-
tent was 4%. Because the catalysts were first saturated in
300 lg/m3 Hg0 and the N2/O2 gas flow, the Hg0 concentration
decrease across the catalysts after passing the HCl was attributed
to Hg0 oxidation. Accordingly, the definition of Hg0 oxidation effi-
ciency (Eoxi) over the catalysts is as follows:

Eoxi ð%Þ ¼ DHg0

Hg0
in

¼ Hg0
in �Hg0

out

Hg0
in

The temperature programmed desorption curves of Hg pro-
ceeded as follows: a known amount of adsorbents were placed in
the adsorption device with N2 + 4% O2 at 30 L/h and 100 �C to
adsorb mercury for 2 h. Afterwards, the oxygen flow was stopped,
a nitrogen flow began, and the Hg signal curve was recorded at
2 �C/min until the temperature reached 450 �C.

2.3. Characterization of the catalysts

The crystalline structure was determined using an X-ray
diffraction-meter (APLX-DUO, BRUKER, Germany) between 10�
and 80� at a step of 7�/min using Cu Ka radiation (40 kV and
20 mA). The catalyst microstructure was analyzed by transmission
electron microscopy (TEM) (JEM-2010HT). The sample was dis-
persed in ethanol with strong sonication before analysis.
Hydrogen temperature programmed reduction (H2-TPR) experi-
ments were performed on a Chemisorp TPx 2920 instrument, and
the catalysts were degassed at 200 �C for 3 h under Ar at atmo-
sphere before the H2-TPR test. The reducing gas was 10% H2/Ar.
The X-ray photoelectron spectroscopy (XPS) measurement was
completed with an AXIS UItraDLD (Shimadzu-Kratos) spectrome-
ter with Al Ka as the excitation source. The C1s line at 284.8 eV
was taken as the reference for the binding energy calibration.

3. Results and discussion

3.1. Comparison of the catalytic performance of various catalysts

Fig. 1 shows the comparison of the catalytic performance of var-
ious catalysts at various temperatures with a 4.26 � 105 h�1 space
velocity after passing through the 5 ppm HCl. Ag(2%)–Ti and Mo–Ti
exhibited little activity toward Hg0 oxidation compared with that
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Fig. 1. Catalytic performance of various catalysts at various temperatures with
4.26 ⁄ 105 h�1 space velocity after passing 5 ppm HCl.
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of TiO2, as demonstrated by the poor Hg0 oxidation performance of
Ag or Mo. When Ag and Mo were combined, the catalytic activity
significantly improved whether at low or high temperature, as
indicated by the synergy between Ag and Mo. However, the cat-
alytic performance of Ag(2%)–Mo–Ti was reduced when the tem-
perature increased, indicating that the catalytic activity of
Ag(2%)–Mo–Ti was better at low temperature, which was suitable
for oxidizing Hg0.
Fig. 2. TEM and HRTEM images: Mo–Ti (a
3.2. The physical and chemical characterization

To obtain the microscopic morphology information of the
catalysts, transmission electron microscopy (TEM) analyses of the
Mo–Ti and Ag(2%)–Mo–Ti nanoparticles were performed, as shown
in Fig. 2. The TEM image in Fig. 2(a) exhibits evenly distributed
Mo–Ti nanoparticles with diameters of 30–40 nm. The
high-resolution transmission electron microscopy (HRTEM) results
shown in Fig. 2(b) further confirmed the crystalline structure of
Mo–Ti. As seen from the figure, the interplanar spacing of
0.347 nm and 0.35 nm corresponded to MoO3 (040) and TiO2

(101) [7,20], respectively, indicating that molybdenum was loaded
onto the surface of TiO2 and existed in the form of MoO3. Fig. 2(c)
shows the TEM image of Ag(2%)–Mo–Ti. Some small Ag nanoparti-
cles were attached on the surface of TiO2 as shown in the figure.
The HRTEM in Fig. 2(d) shows interplanar spacing of 0.209 nm,
0.35 nm and 0.33 nm, which were attributed to the TiO2 (004),
TiO2 (101) and Ag2MoO4 (2–20) [21,22], respectively, and mani-
fested the existence of Ag2MoO4 on the surface of support.

To identify the crystallographic structure of Ag(2%)–Mo–Ti, the
X-ray diffraction (XRD) was characterized, and the elemental con-
tent of Ag and Mo was increased to 5% because the low content sig-
nal was scarcely detected. Fig. 3 presents the XRD patterns of the
various catalysts calcined at 500 �C, and the anatase and rutile
phases of TiO2 were clearly observed from all the catalysts in the
figure. In addition, the peaks of Ag0 are seen in Fig. 3(a), which indi-
cated that the metal state of silver existed on the support structure
[23]. The peak of MoO3 was weak in Fig. 3(b) [24], indicating that
either MoO3 was well-dispersed on the TiO2 surface or the
and b) and Ag(2%)–Mo–Ti (c and d).



Fig. 3. XRD patterns of various catalysts calcinated at 500 �C.
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crystallinity was inferior. There were characteristic peaks of
Ag2MoO4 in Fig. 3(c), which indicated that silver could combine
with molybdenum to form Ag2MoO4, and Ag2MoO4 was stable
after it was calcined [25]. Furthermore, the peak of metal Ag was
found for Ag(5%)–Mo(5%)–Ti, illustrating that silver existed in the
Ag0 and Ag2MoO4 mixture, consistent with the TEM results.

Fig. A1 presents the TPR profiles of the various catalysts. As seen
from this figure, p25 had no obvious peak, and the oxidation ability
was weak. When silver was added, there was a peak at 150 �C,
which was attributed to the reduction of Ag+ on the support struc-
ture [7]. Four peaks were clearly observed in Fig. A1(c), and the
peaks at approximately 380 �C, 580 �C and 680 �C corresponded
to the reduction of MoO3 to MoO2, while the peak at roughly
780 �C represented the reduction of MoO2 to Mo metal [26]. The
reduction temperature was significantly decreased compared with
the two reduction peaks at 733–737 �C and 861–890 �C for the
bulk MoO3 that corresponded to the two-step reduction of MoO3

(MoO3 ? MoO2 ? Mo0) [27], which is likely the consequence of
the interaction between molybdenum oxide and TiO2. The reduc-
tion peak of MoO3 to MoO2 obviously shifted to a lower tempera-
ture in Fig. A1(c), indicating that either the oxidation ability of the
catalyst was enhanced due to the synergy between Ag and Mo or
the bond strength of Mo–O weakened [17,28].

Fig. 4 shows the XPS spectra of Mo–Ti and Ag(2%)–Mo–Ti over
the spectral regions of Mo 3d, Ag 3d, Cl 2p and Hg 2p; it also shows
the Mo 3d XPS spectrum. The peaks located at 232.9 eV and
236.0 eV were attributed to Mo 3d5/2 and Mo 3d 3/2 electronic
state of Mo6+, respectively, and the peaks at 231.5 eV and
234.7 eV were attributed to the presence of Mo5+ [29]. As seen in
Fig. 4(a), Mo existed in the mixture of Mo (V) and Mo (VI) states
for Mo–Ti, and when silver was added, the characteristic peaks of
Mo 3d shifted slightly to the high binding energy. This result indi-
cated that the high valence amount of molybdenum was increased
to be beneficial for the catalyst oxidation ability. After reaction, the
characteristic peaks slightly shifted to the low binding energy,
which occurred because Mo6+ participated in the reaction that oxi-
dized HCl or Hg0. Finally, it can be concluded that HCl was not
adsorbed on the surface of the molybdenum because the intensity
of the Mo 3d peak was not weakened.

Fig. 4(b) recorded the Ag 3d XPS spectrum. The peaks at
367.90 eV and 373.94 eV were attributed to Ag (I), and those at
368.23 eV and 374.09 eV were attributed to metallic silver Ag (0)
[7]. Obviously, the silver nanoparticles were present in the metallic
silver (Ag0) and Ag+ (AgO or Ag2MoO4) mixture, and metallic silver
was dominant. After this reaction, the intensity of the
characteristic peaks weakened and existed mainly in the form of
Ag+. This phenomenon occurred because the HCl was adsorbed
on the surface of Ag followed by the HCl activation by the molyb-
denum and the active oxygen to activate Cl. An amount of Ag0 was
oxidized to Ag+ and was beneficial to generate electrophilic oxygen
to further oxidize Mo5+ to Mo6+ [7].

The O 1s XPS spectrum is shown in Fig. 4(c). The characteristic
peak at 529.8 eV may be ascribed to lattice oxygen, and the peak at
531.4 eV may be attributed to the surface chemisorbed oxygen.
When adding silver, the proportion of chemisorbed oxygen
increased, beneficial for the Hg0 oxidation. After reaction for about
10 h, the amount of chemisorbed oxygen quantity decreased, sug-
gesting that chemisorbed oxygen participated in the reaction.
However, chemisorbed oxygen still existed on the surface of cata-
lyst, which might be replenished by the lattice oxygen or the gas-
eous oxygen.

The XPS Cl 2p spectra is shown in Fig. 4(d). There were two
peaks at 197.8 eV and 199.7 eV for Cl 2p, which were attributed
to the ionic (Cl�) and covalent (–Cl) chlorine species, respectively
[30]. The ionic chlorine (Cl�) may be the HgCl2 generated by the
reaction of the chlorine species and mercury or some amount of
AgCl. Moreover, the covalent (–Cl) chlorine species might be the
adsorbed HCl or the active Cl.

The Hg 4f XPS patterns are shown in Fig. 4(e). The characteristic
peak could not found for Hg 4f from Fig. 4(e), which was due to the
smaller Hg content, indicating that the reaction produced little
HgCl2 that was adsorbed on the surface of Ag(2%)–Mo–Ti and that
most of the compound entered the flue gas.

3.3. The gas components analysis

Fig. 5 shows the Hg0 catalytic oxidation efficiencies of Ag(2%)–
Mo–Ti for the various test cases. It can be observed that the Hg0

oxidation efficiency was low in the condition of N2 or the mixture
of N2 and O2 for Ag(2%)–Mo–Ti, indicating that O2 was not the main
oxidation component for the Hg0 catalytic oxidation. When HCl
was passed, the oxidation efficiency was high, regardless of
whether O2 existed or not. It was determined that HCl was impor-
tant for the Hg0 catalytic oxidation, and active Cl or Cl2 would be
generated by the catalysis of Ag(2%)–Mo–Ti. It was reported that
O2 was necessary for Hg0 oxidation by HCl [31], besides, based
on the analysis of O 1s XPS, speculated that chemical adsorption
oxygen participated in the reaction. However, the catalyst still
had high oxidation efficiency when O2 was nonexistent, so we
speculated the lattice oxygen was transferred to chemical adsorp-
tion oxygen at the beginning reaction stage, and the lattice oxygen
was active. Meanwhile, on account of the analysis of TPR, we
thought that the Mo–O bond was weaken, chemical adsorption
oxygen and Mo6+ could also easily participate in the reaction to
oxidize HCl into active Cl. When 500 ppm sulfur dioxide was
added, the Hg0 catalytic efficiency was still high, indicating that
Ag(2%)–Mo–Ti had a superior resistance toward SO2. The efficiency
improved when adding 500 ppm nitric oxide, indicating that NO
promoted the Hg0 oxidation, consistent with similar research [5].
Furthermore, 4% water slightly inhibited the Hg0 oxidation
reaction.

3.4. The catalytic oxidation Hg0 mechanism analysis

To understand the mercury combination property of the cata-
lysts, Hg0 adsorption and desorption experiments were performed.
Fig. A2(a) shows the Hg0 breakthrough curves over Ag(2%)–Mo–Ti
at various temperatures. As seen in Fig. A2(a), Hg0 could be
adsorbed on the surface of Ag(2%)–Mo–Ti at 150 �C; However, with
the increasing temperature, the concentration of Hg0 was continu-
ously high, indicated that Hg0 was hardly adsorbed on the surface
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of the catalyst at high temperature. So, the mechanism of Hg0 oxi-
dation at low and high temperature was different.

The Hg-TPD curves for Ag(2%)–Mo–Ti are shown in Fig. A2(b). It
can be observed from Fig. A2(b) that there was little Hg0 desorbed
from Mo–Ti, revealing that the Hg0 was hardly adsorbed on the
surface of Mo or Ti. So, it was difficult for Hg0 to form a chemical
bond between Mo and Ti. Hg0 was, however, desorbed for
Ag(2%)–Ti in the temperature range of 100–250 �C, which was
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the decomposition of the silver amalgam. There was little desorbed
Hg0 above 250 �C, indicating that Hg0 was hardly adsorbed on the
surface of the catalyst at high temperature, in accordance with the
results of Fig. A2(a). For Ag(2%)–Mo–Ti, Hg0 could also be desorbed
with the increasing temperature; however, the amount of des-
orbed Hg0 was less than that of Ag(2%)–Ti. These results indicated
that some Ag combined with Mo to form Ag2MoO4, as shown by
the XRD, and they also suggested the Hg0 adsorbed component
was Ag0.

To clarify the role of chlorine, an breakthrough experiment
using Hg0 pretreated with HCl was conducted. The experiment pro-
ceeded as follows: the Hg0 passed through 20 ppm HCl as the cat-
alyst for 1 h; then, the HCl supply was closed and the sample area
was purged with N2 for 30 min. Finally, Hg0 passed through
Ag(2%)–Mo–Ti where the Hg0 concentration change was recorded.
Fig. A3 shows the Hg0 breakthrough curves for HCl-pretreated
Ag(2%)–Mo–Ti and Mo–Ti. As seen in Fig. A3(a), the catalyst still
had oxidation ability when HCl was not passed compared with
the results shown in Fig. A2(a). The chlorine species existed and
were adsorbed on the Ag(2%)–Mo–Ti to react with Hg0. Because
the catalyst was purged by nitrogen, HCl or Cl2 were not physically
adsorbed on surface of the catalyst, and the existing component for
oxidizing Hg0 was an active chlorine species formed by the reac-
tion between the adsorbed HCl and Ag(2%)–Mo–Ti. The Hg0 oxida-
tion efficiency was reduced with an increase in temperature, which
showed that more chlorine species were adsorbed at low temper-
ature, indicating that the catalyst oxidation ability of Ag(2%)–Mo–
Ti was high and generated more active Cl at low temperature. The
active Cl was easily adsorbed on the surface of the catalyst at low
temperature, as well. However, the catalyst still had Hg0 oxidation
Fig. 6. Reaction process for the Hg0 oxidation
ability at high temperature, and part of the active Cl was also
adsorbed on the surface of the catalyst and was present in the flue
gas. The combined results of Figs. A2(a) and A3(a) implied that the
adsorbed active Cl reacted with the adsorbed Hg0 followed by a
Langmuir Hinshelwood mechanism at low temperature. At high
temperature, the active chlorine species adsorbed on the silver
nanoparticles, and gas-active chlorine reacted with the gas-phase
Hg0 by the Eley Rideal mechanism and a homogeneous gas phase
reaction.

Fig. A3(b) shows the Hg0 breakthrough curves for
HCl-pretreated Ag(2%)–Ti, Mo–Ti and Ag(2%)–Mo–Ti. As seen in
Fig. A3(b), the Hg0 oxidation efficiency of Ag(2%)–Ti and Mo–Ti
was low, indicating a small amount of active Cl and demonstrating
that only Ag or Mo could not catalyze chlorine into active Cl. This
occurred because Ag had an adsorption role for HCl, and Mo had a
catalytic effect for HCl, as shown by the XPS results. The combina-
tion of Ag and Mo efficiently oxidized the HCl into active Cl, and
the adsorbed active oxygen participated in the reaction.
Therefore, Ag(2%)–Mo–Ti had a higher Hg0 oxidation efficiency.

Fig. A4 shows the mercury concentration change curves for
Ag(2%)–Mo–Ti after adding HCl at 150 �C. The concentrations of
total mercury (Hgt) and elemental mercury (Hg0) were reduced
after the HCl addition, and the Hg0 concentration was lower than
the Hgt concentration. The gap between Hg0 and Hgt was the
Hg2+ concentration, indicating that Hg0 could be oxidized by
Ag(2%)–Mo–Ti and that HCl was the major catalytic component.
The total mercury concentration was reduced, which might be that
a small amount of HgCl2 that was adsorbed on the surface of the
catalyst.

Based on the above results, the main reaction process for Hg0

oxidation over Ag(2%)–Mo–Ti at low temperature is shown in
Fig. 6. Silver weakened the bond strength of Mo–O, so the lattice
oxygen was transferred easily to chemical adsorption oxygen.
Mo6+ and chemical adsorption oxygen participate in the oxidation
reaction by the Mars–Maessen mechanism, which oxidized HCl
into active Cl. The presence of gas-phase O2 regenerated the lattice
oxygen and chemical adsorption oxygen, and prompted the pro-
cess of Mo5+ to Mo6+. The active chlorine species and Hg0 were both
adsorbed on the silver nanoparticles and reacted with each other
following the Langmuir Hinshelwood mechanism to generate
HgCl2.
4. Conclusions

Ag(2%)–Mo–Ti was an excellent catalyst for catalytic oxidation
of elemental mercury. When combining Ag and Mo, the catalytic
activity of Ag(2%)–Mo–Ti was significantly improved whether at
low or high temperature, indicating the synergy between Ag and
Mo. The catalytic activity of Ag(2%)–Mo–Ti was enhanced, and it
was suitable for oxidizing Hg0 at low temperature. The character-
ization results indicated that Ag0 and Ag2MoO4 nanoparticles
over Ag(2%)–Mo–Ti at low temperatures.
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existed on the surface of TiO2, and the oxidation ability of the cat-
alyst was enhanced due to the synergy between Ag and Mo.
Furthermore, the bond strength of Mo–O might be weakened,
which is beneficial for the oxidation ability. The gas component
effect analysis showed that HCl was the primary catalytic compo-
nent, and the catalyst still had high oxidation efficiency when O2

was nonexistent. Additionally, Ag(2%)–Mo–Ti had a superior resis-
tance toward sulfur dioxide, and NO promoted the Hg0 oxidation;
water slightly inhibited the Hg0 oxidation reaction. Hg0 break-
through, desorption and HCl pretreated experiments were per-
formed to study the catalytic mechanisms of the elemental
mercury oxidation, which indicated that the adsorbed active Cl
reacted with the adsorbed Hg0 followed by the Langmuir
Hinshelwood mechanism at low temperature. Ag had an adsorbent
role for HCl and Hg0. Mo and chemical adsorption oxygen had a
catalytic effect for HCl which, when combined with Ag and Mo,
could efficiently oxidize HCl into active Cl, indicating that the cat-
alyst had high oxidation ability.
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