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The combined removals of Hg0 andNOover zeolite (HZSM-5was chosen to use)modified by copper (Cu/HZSM-5)
catalysts were studied under different simulated flue gas conditions. Compared with HZSM-5, Cu/HZSM-5
showed higher activity and performed a synergetic effect for the Hg0 and NO removal at 250 °C. But the excess
of copper could cause destruction of the thin pore walls and blocking of internal porosity of the catalyst leading
to decrease of the activity. A comparison between Cu/HZSM-5 of different silica to alumina ratios (SiO2/Al2O3

ratio) was also performed. The highest NO and Hg0 conversions were observed over the lowest SiO2/Al2O3

ratio. In addition, the experimental results indicated that there was a synergetic effect between HZSM-5 and
copper for the removal of NO and Hg0 by accelerating the intermediate formation (NO2) and by strengthening
the adsorption NO and Hg0 on the catalyst surface under the reaction conditions. Moreover, the effects of indi-
vidual flue gas components on the removals of Hg0 and NO were examined. O2 in the flue gas had a positive
effect on both Hg0 and NO removals. However, the presence of H2O and SO2 inhibited both Hg0 and NO
removals.

Crown Copyright © 2012 Published by Elsevier B.V. All rights reserved.
1. Introduction

It has been reported that mercury emissions cause more and more
adverse effects on environment and human health because of its high
toxicity, volatility, and bioaccumulation [1–3]. According to reports,
the mercury emissions from coal-fired plant account for approxi-
mately one-third of the anthropogenic mercury emissions [4]. Conse-
quently, development of technologies governing/controlling the
mercury emission from coal-fired power plants has become an urgent
issue for the countries using coal as their principal energy.

Mercury in coal-fired flue gas is often presented as three chemical
forms: element mercury (Hg0), oxidized mercury (Hg2+), and particle-
bound mercury (Hgp) [5]. With consideration of the properties of
Hg2+, Hgp, and Hg0, studies of the Hg0 removal method should be
firstly taken into account. Many current researches on controlling
Hg0 emission from flue gas mainly focus on injecting sorbent and
promoting Hg0 oxidation. Among those schemes, sorbent injection
is the current reference technology for the control of mercury in a
coal-fired utility plant [6,7]. However, obvious disadvantages such
as higher operation expenses, poor capacity, narrow temperature
range of application and slow regeneration and adsorption rates
are proven using this technology, which limit its wide application
[8]. Therefore, promoting the Hg0 oxidation exhibits a promising
future on the basis that Hg2+ can be removed through currently
6.
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available pollution control devices. Recently, some transition-metal
oxides, such as Fe2O3, V2O5, CuO, CeO2, Mn2O3, and RuO2 have been
extensively investigated as potential Hg0 oxidation catalysts, and it
has been observed that these metal oxides were helpful to the oxida-
tion of Hg0 to Hg2+ [9–12]. In addition, it has been proven that com-
mercial catalysts used in selective catalytic reduction (SCR) of NO
with NH3 which has been investigated for several years and is
today a well established technique for DeNOx in stationary applica-
tions, have some promotion for the oxidation of Hg0 [13]. However,
the predictability of the removal extent is unreliable [14,15]. Thus,
it encourages us to search for a suitable catalyst which not only has
higher NO removal efficiency, but also can promote the Hg0 removal
from the flue gas. A number of SCR catalysts have been proposed in
literature; however, among them, Cu/HZSM-5 catalysts have been
extensively studied and attracted a great deal of attention as poten-
tial catalysts for NH3-SCR. Compared to other previously studied ma-
terials, the Cu/HZSM-5 exhibits a significant enhancement both in
terms of the conversion rate and selectivity [16–18]. In previous
works, it was reported that HZSM-5 which had higher mechanical
strength, chemical and thermal stability performed high active on
Hg0 removal from flue gas [19]. Moreover, copper was found to
have superior activity and stability on Hg0 capture [20,21]. Those re-
sults made us to speculate that the Hg0 could be efficiently controlled
over Cu/HZSM-5 in SCR systems. Therefore, in this work, Cu/HZSM-5
was developed and some related experiments including SiO2/Al2O3

ratio, reaction temperature, CuO loading value and flue gas compo-
nent on NO and Hg0 removal efficiencies were evaluated in a lab-
scale SCR system.
hts reserved.
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2. Materials and methods

2.1. Sample preparation

Commercially available HZSM-5 (with SiO2/Al2O3 ratio of 25, 50,
and 100) purchased from NanKai University was used in this study as
parent zeolites. The Cu/HZSM-5 was prepared by incipient wetness im-
pregnation method as follows: First, the Cu(NO3)3·6H2O was dissolved
in de-ionized water to form the solution. Then, HZSM-5 was added to
the solution with stirring in a proportion corresponding to different
loading values (ρ, where ρ is the mass ratio of Cu to HZSM-5) varying
from 3 to 12##wt%. Third, the samples were dried in an electric blast
drying oven at 120 °C for 24##h and then calcined at 450 °C in air for
5 h. The obtained samples, designated as ρ Cu/HZSM-5 (A) (where “A”
denotes the SiO2/Al2O3 ratio) were crushed and sieved to 40–60 mesh
particles for future use.

2.2. Analytical methods

The Brunauer–Emmet–Teller (BET) of the sampleswas determined
by nitrogen adsorption at −196 °C on a Micromeritics ASAP 2010 an-
alyzer. The pore size distribution was characterized using the desorp-
tion branches of the N2 adsorption isotherm and the Barrett–Joyner–
Halenda (BJH) formula. All the samples were degassed at 120 °C prior
to BET measurements. The scanning electron microscope (SEM) photo-
graphs of the samples were obtained by means of JSM-6700 F after
vacuum plating Au film. The powder X-ray diffraction (XRD) measure-
mentswere carried outwith a Rigaku Rotaflex D/Max-C systemwith Cu
Kα (λ=0.1543 nm) radiation. The samples were loaded on a sample
holder with a depth of 1 mm. Thermogravimetric analysis (TG; STA-
409PC/PG) was used to determine the speciation of mercury deposits
on used samples. In order to expedite the experiment so that the capac-
ity of the composite material could be more easily tested, the samples
were firstly exposed to the simulated flue gas with 200 μg/m3 Hg0

about 400 h. For each test, about 10‐mg samples were heated from
the room temperature to 800 °C at the heating rates of 10 °C/min
under nitrogen atmosphere (>99.99%). And the flow rate of N2 was
kept both at 100 ml/min to ensure an inert atmosphere during the
run. NO and NOx concentrations in the inlet and outlet gases weremea-
sured by KM900 Hand–held Combustion Analyser (Kane International
Limited, UK.). Hg0 concentrations in vapor phase were analyzed by
the RA-915 Portable Mercury Analyzer (with a detection limit of
0.002 μg/m3, it has a nominal range of 0.002–20 μg/m3), which is
Fig. 1. Schematic diagram of
based on differential Zeeman atomic absorption spectrometry using
high‐frequency modulation of light polarization.

2.3. Catalytic test

A schematic diagram of the experimental setup is shown in Fig. 1.
The apparatus consisted of a simulated flue gas system, a fixed-bed
reactor, and a gas analyzer system including an Hg0 analyzer and a
NO analyzer. The composition of the basic flue gas included 5% O2,
1000 ppm NO, 1200 ppm NH3, 900 ppm SO2, 12% CO2, and the bal-
ance N2. The N2 flow was divided into two branches: one branch con-
verged with the NO, CO2, SO2, NH3, and O2 to form the main gas flow,
while the other passed (150 ml/min) through an Hg0 permeation
tube (VICI Metronics) and introduced the saturated Hg0 vapor into
the system. The Hg0 permeation tube was placed in a U-shape glass
tube, which was immersed in a constant temperature water bath to
ensure a constant Hg0 permeation rate. Hg0 concentration in the sys-
tem was controlled at 20.02 μg/m3. The total flux was controlled at
0.5 l/min in each project using mass flow controller, corresponding
to a space velocity of about 10000 h-1.

As quartz had been demonstrated to have good chemical resis-
tance and inertness toward Hg0, a quartz tube with an inner diameter
of 10 mm held in a vertical position was used as the reactor which
was surrounded by a large tubular furnace and about 0.1 g of the cat-
alyst was packed in it. A temperature control device was employed to
keep the fixed-bed reactor at desired temperature. The inlet and
outlet Hg0 and NO concentrations of the fixed-bed reactor were mea-
sured by Hg0 analyzer and NO analyzer. After the analysis, the ex-
haust gas emission from the mercury analyzer was introduced into
the activated carbon trap before being expelled into the air.

Table 1 summarizes the experimental conditions. Set 1 experiments
aimed at determining the optimal operating temperature. The experi-
ments were carried out over a temperature range (150–400 °C) under
simulated flue gas. In the second set, the effects of CuO loading value
on Hg0 and NO removal efficiencies were studied using 0, 3, 6, 9 and
12% Cu/HZSM-5 at 250 °C. The roles of SiO2/Al2O3 ratio on Hg0 and NO
removal efficiencies were explored in Set 3 experiments. In sets 4, 5,
and 6, the effects of individual flue gas components on Hg0 and NO
removals were studied over 6% Cu/HZSM-5 at 250 °C.

During the experiment, the experimental gas firstly bypassed the
quartz tube and was introduced into the catalytic system until the
desired inlet mercury concentration had been established for about
20 min. For the whole tests, the Hg0 removal efficiency (ηHg0) was
the experimental setup.



Fig. 2. SEM photographs of (a) HZSM-5 zeolite and (b) 6% Cu/HZSM-5 (25).

Table 1
Experimental conditions.

Carrier gas (0.5 l/min)

Catalyst SiO2/Al2O3 ratio O2 (%) SO2 (ppm) H2O (%)

Set 1 6% Cu/HZSM-5 25 5 1000 0
Set 2 0% to 12% Cu/HZSM-5 25 5 1000 0
Set 3 6% Cu/HZSM-5 25, 50, 100 5 1000 0
Set 4 6% Cu/HZSM-5 25 5 1000 0, 8
Set 5 6% Cu/HZSM-5 25 0, 5, 8 1000 0
Set 6 6% Cu/HZSM-5 25 5 0, 500, 900 0

All the conditions contained 1000 ppm NO, 1200 ppm NH3, 12% CO2, and balanced N2.

327X. Fan et al. / Fuel Processing Technology 104 (2012) 325–331
quantified by a comparison between the Hg0 concentration of the
inlet and outlet of the quartz tube. Meanwhile, the NO removal effi-
ciency (ηNO) was quantified by a comparison between the NOx con-
centration of the inlet and outlet of the quartz tube. ηHg0 and ηNO
are defined as “”reactions (1) and (2):

ηHg0 ¼ Hg0inlet−Hg0outlet
Hg0inlet

� 100% ð1Þ

ηNO ¼ NOxinlet−NOxoutlet
NOxinlet

� 100% ð2Þ

3. Results and discussion

3.1. Sample characteristics

The BET surface areas (SBET) and volumes of parent and modified
HZSM-5 were listed in Table 2. It could be observed that the fresh
HZSM-5 had the largest SBET and pore volume, 340 m2/g and
0.170 cm3/g, respectively. When the loading value was under 6%,
the change of SBET and volume values was lesser. For example, when
the Cu loading value changed from 0 to 6%, SBET and the volume
decreased only 12 m2/g and 0.01 cm3/g, respectively. From these
results, one can conclude that textural properties of HZSM-5 were
preserved during the catalysts preparation. However, the surface
area and volume values of the samples decreased with the continu-
ously increasing of CuO loading value. This could be due to that the
existence of agglomerated copper oxide over the external surface of
the samples caused destruction of the thin pore walls and blocking
of internal porosity.

The results of SEM photographs of pure HZSM-5 and 6% Cu/HZSM-
5 (25) were displayed in Fig. 2. The typical coffin-shape of HZSM-5
and the non-crystallographic intracrystalline mesopores resulting
in the high porosity and the relatively larger average pore size of
the mesoporous zeolite single crystals could be seen for all samples.
Otherwise, it could be seen that the surface of HZSM-5 was smooth
and the microcrystal was clear, without any adsorbed particle. Com-
paring Fig. 2(b) with Fig. 2(a), there were more white circled spot
on the surface of Cu/HZSM-5, which could ascribe to CuO particles.
Meanwhile, these particles were widely dispersed on the HZSM-5
surface and only a few number of agglomerations existed, but its par-
ticle size was too small to be recognized. Better dispersion of CuO
could account for the higher catalytic activity of mesoporous samples.
Table 2
Specific surface area and volume of the samples.

Samples BET surface area (m2/g) Total pore volume (cm3/g)

HZSM-5 (25) 340.32 0.170
3% Cu/HZSM-5 (25) 337.27 0.167
6% Cu/HZSM-5 (25) 328.49 0.160
9% Cu/HZSM-5 (25) 272.66 0.150
12% Cu/HZSM-5 (25) 246.80 0.142
The XRD experimental results of HZSM-5 and Cu/HZSM-5 (25)
were shown in Fig. 3. The peaks at the ranges of 2θ=7–9° and
23–25° in the XRD pattern were corresponding to the specific peaks
of HZSM-5, which could be detected over all the samples. However,
the diffraction peak of CuO crystallites could be detected only when
the CuO content was over 6%. It meant that no apparent characteristic
peaks ascribable to CuO with lower CuO loading, which indicated that
Fig. 3. XRD analyses of the samples.

image of Fig.�2
image of Fig.�3


Fig. 5. Effect of the CuO loading value on Hg0 and NO removal efficiencies of HZSM-5
(25) at 250 °C.
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CuO was highly dispersed on HZSM-5. This result was in accordance
with the result of Fig. 2(b) and Table 2.

3.2. Temperature effect

Further investigations on Hg0 and NO removal efficiencies of 6%
Cu/HZSM-5 (25) were carried out as a function of temperature be-
tween 150 and 400 °C and the experimental results were shown in
Fig. 4. It could be seen that the reaction temperature play a key role
on both NO and Hg0 removal of 6% Cu/HZSM-5 (25). With increasing
reaction temperature, the NO removal efficiency increased continu-
ously and reached maximum. However, the Hg0 removal efficiency
was some different. When the reaction temperature increased from
150 °C to 250 °C, the Hg0 removal efficiency of 6% Cu/HZSM-5 (25)
augmented from 60% to 90.2%. But the sustained growth of reaction
temperature would lead to a decrease in it. These results indicated
that although the elevated temperature benefited the removal of
Hg0, it is unfavorable for the removal of Hg0 when the temperature
exceeded 250 °C. At the temperature of 250 °C, the Hg0 removal effi-
ciency of 6% Cu/HZSM-5 (25) performed the highest value, and the
NO removal efficiency also reached about 90%. These results indicated
that 6% Cu/HZSM-5 could achieve very good results on the removal
both of Hg0 and NO at this reaction temperature.

3.3. Effect of loading value

The effects of CuO loading value on the removals of Hg0 and NO
were studied over Cu/HZSM-5 (25) samples at 250 °C. As shown in
Fig. 5, copper significantly enhanced the Hg0 removal ability of
HZSM-5. When the CuO loading was lower than 6%, the Hg0 removal
efficiency gradually increased with increasing CuO content. For exam-
ple, over the HZSM-5, the removal efficiency of Hg0 was 40%. Howev-
er, over the 6% Cu/HZSM-5 (25), 90% of Hg0 conversion was achieved.
However, further increase of copper loading led to the activity of the
catalyst slightly decrease. The 9% Cu/HZSM-5 (25) catalyst gave 80%
of Hg0 removal efficiency that was obviously lower than the 6% Cu/
HZSM-5 (25). The possible reason was that SBET of Cu/HZSM-5 had a
great decrease (as shown in Table 2) during the loading value increas-
ing from 6% to 9%, which might affect the Hg0 removal efficiency of
Cu/HZSM-5.

On the other hand, the NO removal efficiency showed the same
trend as that of Hg0. At this temperature, the NO conversion ratio in-
creased and then decreased with the increase of CuO loading value.
Over the 6% Cu/HZSM-5 (25), the maximum activity toward the
aimed reaction was achieved. Based on the above analysis, it could
be found that the maximum activity of Cu/HZSM-5 (25) for the
Fig. 4. Effect of reaction temperature on Hg0 and NO removal efficiencies of 6% Cu/
HZSM-5 (25).
removals of Hg0 and NO was observed at approximately 6%. Conse-
quently, the reasonable loading value of CuO was chosen as 6% in our
later investigation.

3.4. Effect of the SiO2/Al2O3 ratio

Another important dependence factor for the activity of Cu/HZSM-
5 catalysts was SiO2/Al2O3 ratio of the zeolite. The effects of SiO2/
Al2O3 ratio on the Hg0 and NO removal efficiency were investigated
by using 6% Cu/HZSM-5 with the different SiO2/Al2O3 ratios (25, 50
and 100) at 250 °C and the experimental results were shown in Fig. 6.

With the SiO2/Al2O3 ratio increasing, the activity of the 6% Cu/
HZSM for the aimed reaction obviously decreased. For instance, only
80% of NO and 60% of Hg0 removal efficiencies were obtained over the
sample with SiO2/Al2O3 ratio of 100, which is considerably lower than
90% of NO and 90% of Hg0 removal efficiencies obtained over the sample
with SiO2/Al2O3 ratio of 25 under the same reaction condition. This re-
sult was in good accordance with that observed by other researchers
[22–24]. It could be due to copper species incorporated into the chan-
nels of the zeolite and occupied the position of the bridging Al–O–Si
during the zeolite impregnation procedure. Furthermore, the impreg-
nation procedure could form more number of Cu+ species and it was
essential for good catalytic activity of Cu/HZSM-5 to maintain the
balance between Cu+ and Cu2+ species [25]. The aluminum concen-
tration increased resulting in an increase in the Cu+ concentration of
Cu/HZSM-5. Therefore, the more Al in Cu/HZSM-5 was, the higher
ηHg0 and ηNO of Cu/HZSM-5 would be.
Fig. 6. Effect of the SiO2/Al2O3 ratio on the performance of 6% Cu/HZSM-5 at 250 °C.
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3.5. Effect of flue gas components

It has been reported that the presence of flue gas components (like
O2 or H2O) could influence the removal reaction mechanism of NO
and Hg0 and the nature of the active copper species, which in turn
may influence the catalytic activity. To better understand the capture
ability of Cu/HZSM-5, the effects of individual flue gas components on
the Hg0 and NO removal efficiencies were examined using 6% Cu/
HZSM-5 (25) at 250 °C and the results were illustrated in Fig. 7.

Fig. 7(a) showed the performances of 6% Cu/HZSM-5 (25) on Hg0

and NO removal efficiencies without adding H2O and with adding
8% H2O into the experimental flue gas. The Hg0 and NO removal
Fig. 7. Effect of flue gas components on the Hg0 removal efficiency of 6% Cu/HZSM-5
(25) at 250 °C: (a) H2O, (b) O2, (c) SO2.
efficiencies were inhibited by the presence of water. When H2O con-
centration increased from 0 to 8%, the Hg0 removal efficiency reduced
from 90.2% to 82.6% and the NO removal efficiency reduced from 90%
to 75.8%. These observations could be explained as due to the compet-
itive adsorption of water [26]. Meanwhile, H2O was not necessarily
mono-layer adsorption. It could fill pores and blocked the sites need-
ed for the aimed reactions to take place, leading to the reduction of
the aimed reactions. Fig. 7(b) showed the changes in Hg0 and NO con-
versions with respect to O2 concentration over the 6% Cu/HZSM-5
(25) at 250 °C. It could be seen that an increased oxygen concentra-
tion enhanced the NO and Hg0 removal efficiency. In the absence of
O2, only about 20% Hg0 removal and 58.4% NO removal efficiencies
were achieved; but in the presence of 8% O2, the Hg0 and NO removal
efficiencies were raised to 90.2% and 90%, respectively. The presence
of oxygen has been reported to influence both the reaction mecha-
nism and the nature of the active copper species, which in turn may
influence the catalytic activity. Therefore, O2 in flue gas had a positive
effect on the Hg0 and NO removal. The effects of SO2 concentration on
Hg0 and NO removal of Cu/HZSM-5 were shown in Fig. 7(c). It could
be seen that SO2 had negative influence on the NO and Hg0 removals.
When the concentration of SO2 changed from 0 to 900 ppm, the Hg0

removal efficiency of Cu/HZSM-5 decreased from 90.2% to 72%. Simi-
larly, the NO removal efficiency of Cu/HZS-5 decreased to 75% from
the initial level of 90.2% when SO2 concentration was reached to
900 ppm. That was because SO2 could compete with NO and NH3

for the activated sites of the sample surface [27]. On the other hand,
copper species was favorable for the storage SO2 and more active
for SO2 oxidation [28]. This could lead to the formation of ammonium
sulfate satls in the presence of NH3, which might block the activated
centers catalyzing Hg0 and NO conversion and destroy the sample's
porous structure due to its sediment.

3.6. Reaction mechanism of the Hg0 and NO removal

From above experiment, it has been proven that Cu/HZSM-5 not
only had higher NO removal efficiency, but also could promote the
Hg0 removal from the flue gas. For the mechanism of NO reduction
with NH3, the overall reaction is usually assumed to involve stoichio-
metric amounts of NO and NH3 in the presence of oxygen to produce
nitrogen and water [29]. According to this mechanism, first and rate-
determining step for the SCR reaction is the oxidation of NO to NO2 by
O2, because it is more easily reduced by NH3 than NO [30]. Cu/HZSM-
5 which was extensively studied in SCR of NO processes was reported
to be a good catalyst for NO oxidation. This was due to the presence
of two distinct phases: zeolite and metallic oxide. These phases had
different compositions and different physical–chemical properties
and in particular different microstructures [31]. Specifically, the NO
reduction processes on Cu/HZSM-5 could be expressed as follows:
Firstly, gaseous O2 and NO molecules were adsorbed on the surface
of the samples. Then, NO2 was produced by the interaction between
the adsorbed oxygen and NO on CuO sites. On the side, gaseous NH3

molecules were adsorbed onto the surface of samples. Subsequently,
NO2 molecule react with NH3 to produce N2 and H2O, completing
the catalytic cycle.

O2 adð Þ þ NO adð Þ→CuO NO2 adð Þ þ O adð Þ ð3Þ

O adð Þ þ NO adð Þ→CuO NO2 adð Þ ð4Þ

8NH3 adð Þ þ 6NO2 adð Þ→7N2 þ 12H2O ð5Þ

In order to confirm the mechanism of Hg0 removal over Cu/HZSM-
5, TG analyses of recycling 6% Cu/HZSM-5, which were used at 250 °C
in the presence and absence of Hg0 in the flue gas (O2+N2), were
shown in Fig. 8. Comparing the weight loss of the samples in the

image of Fig.�7


Fig. 8. TG analyses of the samples.
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presence and absence of Hg0, the excess weight loss between 50 °C
and 300 °C was attributed to physically adsorption of mercury
which was often present as Hg0 [32]. The other excess weight loss
between 400 °C and 600 °C was attributed to chemically oxidation
of mercury which was often present as HgO because the thermo
decomposition of HgO often took place in the 430 °C–560 °C temper-
ature interval [33]. The results verified that the reaction mechanism
of Hg0 removal was ascribed to the combined action of physically ad-
sorption and chemically oxidation, while chemically oxidation was a
dominant process for the Hg0 capture at 250 °C.

Fig. 4 shows that the Hg0 removal efficiency of Cu/HZSM-5 en-
hanced with the increase of reaction temperature. This ascribed to
the potentiation of oxidation, which could boost and become the cru-
cial factor with the increase of reaction temperature due to the forma-
tion of more chemical bonds between them [34]. However, when the
temperature exceeded 250 °C, the Hg0 removal efficiency would de-
crease. This could be due to the inhibition of physically adsorption
of Hg0, which could weaken by higher temperature [35]. To be specif-
ic, the Hg0 in the flue gas collided with the sample and was adsorbed
on the surface of sample, which ascribed to the physisorption [36].
This physisorption for Hg0 was mainly dependent upon the acid
sites of the surface of the sample, especially Lewis acid sites. Usually,
the acidic sites of HZSM-5 were determined by the SiO2/Al2O3 ratio
because the Al in the framework of zeolite could form strong acid
sites. Moreover, the HZSM-5 modified by copper could lead to a de-
crease of Bronsted acid sites and an increase of Lewis sites as copper
concentration increases [14]. Therefore, the Cu/HZSM-5 with the
lower SiO2/Al2O3 ratio could have strongly adsorption for Hg0 and
not be affected by other flue gas component. Secondly, the adsorbed
Hg0 could be oxidized by the active constituent on the sample surface,
leading to the formation of new mercury species, which put down to
the chemical oxidation [36,37]. Moreover, NO2 which has been con-
sidered as the key intermediate of SCR of NO, also had a promoted ef-
fect on the oxidation of Hg0 [38]. Therefore, Cu/HZSM-5 possessed
good reactivity for Hg0 removal. The detailed procedure of Hg0 re-
moval over Cu/HZSM-5 could be expressed as follows:

Hg0 adð Þ þHZSM� 5→Hg0 adð Þ ð6Þ

2Hg0 adð Þ þ O2 adð Þ→CuO 2HgO adð Þ ð7Þ

Hg0 adð Þ þ NO2 adð Þ→NO adð Þ þHgO adð Þ ð8Þ

Another important challenge, which should be taken into account,
is a transport phenomenon since diffusion often limits the activity
of the catalysts especially at high reaction rates, which are usually
observed in NO SCR with NH3 [15]. A possible strategy to solve this
problemwas the introduction of mesopores into the zeolite structure.
The presence of an intracrystalline mesopore system in these zeolites
has in many cases been shown to help solve diffusion problems. It had
been reported that Cu/HZSM-5 catalysts prepared by a simple
impregnation procedure and proved the beneficial effect of meso-
pores on the catalyst activity [39]. Therefore, in some cases, such
mesoporous materials could provide better dispersion of the metal
component in comparison with microporous systems. Overall, the
modification of HZSM-5 by copper for the aimed reaction greatly per-
formed not only the intrinsic property of HZSM-5 and the metals but
also the interaction of them.

4. Conclusions

In the present paper, the Hg0 and NO removal efficiencies of Cu/
HZSM-5 were studied in a lab-scale fixed-bed system. Results showed
that Cu/HZSM-5 possessed a strong ability for removals of Hg0 and
NO. However, the Hg0 and NO removal was not beneficial from CuO
higher loading value due to the decrease of surface area of Cu/
HZSM-5. Moreover, With the SiO2/Al2O3 ratio increasing, the activity
of the Cu/HZSM for the aimed reaction obviously decreased. From
temperature tests, the Hg0 removal efficiency of Cu/HZSM-5 enhanced
and then decreased with the increase of reaction temperature. But the
higher reaction temperature could improve the efficiency of NO conver-
sion. It also concluded that this catalyst could be used in some SCR sys-
tems which were downstream of the particulate control device (hot-
side ESP), where the catalysts could avoid high-concentration ashes in
the flue gas. The flue gas components test showed that O2 promoted
Hg0 oxidation, while H2O and SO2 inhibited Hg0 removal. Furthermore,
the value of NO conversion was strongly promoted by O2, but inhibited
by H2O and SO2.
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