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a  b  s  t r  a  c  t

Three-dimensional  (3D)  MnO2/Carbon  Sphere  (MnO2/CS)  composite  was synthesized  from  zero-
dimensional  carbon  spheres  and  one-dimensional  �-MnO2 using  hydrothermal  method.  The  hierarchical
MnO2/CS  composite  was  applied  for the  catalytic  oxidation  and  adsorption  of  elemental  mercury  (Hg0)
from  coal-fired  flue  gas.  The  characterization  results  indicated  that  this  composite  exhibits  a 3D  urchin
morphology.  Carbon  spheres  act as the  core  and  �-MnO2 nano-rods  grew  on  the surface  of  carbon  spheres.
This 3D  hierarchical  structure  benefits  the enlargement  of  surface  areas  and  pore  volumes.  Hg0 removal

0

lemental mercury
arbon sphere
atalytic oxidation

experimental  results  indicated  that  the MnO2/CS  composite  has  an  outstanding  Hg removal  performance
due  to the  higher  catalytic  oxidation  and  adsorption  performance.  MnO2/CS  composite  had  higher  than
99%  Hg0 removal  efficiency  even  after  600  min  reaction.  In  addition,  the  nano-sized  MnO2/CS  compos-
ierarchical structure ite  exhibited  better  SO2 resistance  than  pure �-MnO2.  Moreover,  the  Hg-TPD  results  indicated  that  the

adsorbed  mercury  can release  
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. Introduction

Mercury was hazardous element in the environment [1]. The
mission of mercury from human activities results in a high level
f mercury background value of atmosphere. Generally, coal-fired
ower plant was regard as the largest one among various emission
ources, such as cement plant, non-ferrous smelting plant, waste
ncineration plant, etc [2,3]. Controlling the emission from coal-
red power plant was significant for mercury control. In addition,
ercury exists as the state of elemental mercury (Hg0) was  hard to

e removed due to its insolubility and high volatility. Among var-
ous studies, adsorption and catalytic oxidation were two  primary

echanisms for the control of Hg0 [4–7]. Adsorption technology
an capture the oxidized mercury (Hg2+), particle-bond mercury
Hgp) and Hg0 in the flue gas. Catalytic oxidation method can

ake insoluble Hg0 oxidize to Hg2+. Then the soluble Hg2+ can
e removed in wet flue gas desulfurization system [8]. However,
ercury enriched in the slurry could cause mercury secondary con-

amination. Therefore, adsorption technology seems as a potential
ethod for Hg0 control.

A promising sorbent was the key when using adsorption tech-
ology [6,7,9]. Based on previous studies, the efficient Hg0 sorbent
an be classified into two primary types: carbon based materi-
ls and transition metal oxides [4,9,10]. Active carbon which has
igh surface areas and functional groups, were beneficial for Hg0

dsorption. However, it was limited for a wide usage due to its
ow Hg0 efficiency and high cost. In addition, the spent carbon
ould decrease the quality of fly ashes [11]. Cl− or Br− modified
ctive carbons were selected to enhance the Hg0 removal perfor-
ance [6,12]. However, the cost was further increased. Recently,

ransition metal oxides such as FeOx, MnOx and CuOx were devel-
ped for Hg0 removal [4,13]. Among these metal oxides, Mn-based
xides are generally considered as the most promising materials
ue to the low cost, environmental friendliness and natural abun-
ance [14]. They have been indicated to have high Hg0 adsorption
apacity due to the chemical-adsorption of mercury on its sur-
ace. Higher valance state of Mn,  larger surface areas and sufficient
urface oxygen are beneficial for Hg0 removal based on previous
tudies [15–18]. However, manganese oxides often suffer from the
ow electron transfer performance, small surface area and SO2 poi-
oning [13].

To solve the defects of Mn-based oxides, modifications of
n-based oxides were widely investigated. Carbon supported
n-based oxides can enlarge the surface area and enhance the

dsorption performance [19–22]. In our recent studies, emerging
raphene was used as a material support for MnOx [16] Graphene
nhanced the electrical conductivity of MnOx, and highly dispersed
nOx particles could be readily deposited on graphene nanosheets.

arbon based materials can solve the problems of poor electrical
onductivity and small surface area. However, the two-dimensional
raphene sheets cover the Mn  active sites, resulted in low activ-
ties to some extent. Designing a better structure of the carbon
ased materials and Mn-based oxides can make full use of their
dvantages. A three-dimensional (3D) structure benefits for gas
iffusion and chemical reaction [23,24]. Core-shell structured 3D
anocomposites have a rapidly growing owing to combination
f the respective properties of cores and shells [25,26]. Carbon
phere was one of carbon materials for the cores due to its chemi-
ally modification surface [27,28]. It exhibited a zero-dimensional
0D) structure and acted as the core of composite. In addition,
t has the properties of carbon-based materials such as electron
ransitions and sufficient surface functional oxygen groups. These

unctional groups were favorable for Mn-based materials in-situ
rew on its surface. Among various Mn-based materials, �-MnO2
ad super performance than other crystal form of MnO2 [15]. The
ne-dimensional (1D) �-MnO2 acted as the shell could build the
Materials 342 (2018) 69–76

3D structure of MnO2/Carbon sphere (MnO2/CS) composite. Until
now, there are no reports using 1D �-MnO2 and 0D carbon sphere
to synthesize a 3D MnO2/CS composite.

Herein, in this study, 3D MnO2/CS composite was synthesized
using simple hydrothermal method. The composite was  charac-
terized using FT-IR, XPS, Raman, XRD and TEM analysis. The Hg0

removal performance was evaluated in a fixed-bed adsorption
system. Moreover, the effects of O2, SO2 and the Hg0 removal mech-
anism were also investigated.

2. Experimental section

2.1. Synthesis of MnO2/CS 3D material

Carbon sphere support was  synthesized using a hydrothermal
method. Glucose was chosen as the carbon souse. Generally, 5.0 g
glucose was  dissolved in 100 mL  ultrapure water and then trans-
fer into a 150 mL  Teflon hydrothermal synthesized reactor, kept
200 ◦C for the reaction of 10 h. After that, the product was washed
for three times with ultrapure water and kept warming at 105 ◦C for
12 h. The carbon sphere was synthesized. MnO2/CS was also syn-
thesized using a hydrothermal method. 1.0 g of the above carbon
sphere was dissolve in ultrapure water under ultrasonic dispersion
for 30 min. After that, 5 mmol  MnSO4·H2O were added and keep
stirring for 180 min. Then 5 mmol  KMnO4 were slowly added in
the above solution and kept stirring for 60 min. The above mix-
ture then transferred into a Telfon-lined autoclave. The autoclave
temperature was maintained at 160 ◦C for 12 h, and the obtained
precipitates were washed with water and dried at 80 ◦C for 12 h.
For compassion, �-MnO2 was prepared according to same method
without carbon sphere.

2.2. Characterization

Power X-ray diffraction (XRD) patterns were recorded on a X-ray
diffractometer (APLX-DUO, BRUKER, Germany) with Cu K� radia-
tion. The data were collected in the 2� range 10◦ to 80◦ with a
scanning velocity of 10◦/min. Nitrogen sorption isotherms were
measured at −196 ◦C using a quartz tube (Quantachrome 2200e).
Before measurements, the samples were degassed in a vacuum at
200 ◦C for 5 h. The Brunauer-Emmett-Teller (BET) method was  uti-
lized to calculated the specific surface areas using multi adsorption
and desorption data. The Barrett-Joyner-Halenda (BJH) pore vol-
umes and pore size were also calculated. Raman scattering spectra
were performed on a SENTERRA R200. FTIR spectroscopy was car-
ried out to characterize the surface properties. The micrographs
were obtained in the bright-field imaging mode at an accelera-
tion voltage of 120 kV. The 633 nm line of Ar+ laser was used for
the excitation. Transmission electronic microscopy (TEM) images
were taken with a JEOLJEM-2010 operated at 200 kV. The H2-TPR
experiments were performed on a Chemisorp TPx 290 instrument;
the samples were degassed at 200 ◦C for 3 h under Ar atmosphere
before the tests, and the reducing gas was  10% H2/Ar. X-ray pho-
toelectron spectroscopy (XPS) results were recorded with an Ultra
DLD (Shimadzu–Kratos) spectrometer with Al K� as the excitation
source, and the C 1 s line at 284.6 eV was  used as a reference for the
binding energy calibration.

2.3. Hg0 removal test

A lab-scale fixed-bed adsorption system was assembled, as
shown in Supporting Information (Fig. S1), to explore the Hg0
removal efficiencies by the as-prepared materials. The fixed-bed
reactor was  constructed to allow for a total gas flow of 500 mL/min
at temperatures from 100 to 300 ◦C. Thirty milligrams of a sorbent
was used for each experiment and it was  put in a quartz tube with
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Fig. 1. (a) FT-IR spectra of as-prepared samples, (b) C 1s, (c) Mn

 diameter of 4 cm.  During the test, the mercury inlet gas bypassed
he sorbent and passed into the analytical system until the desired
nlet mercury concentration was established. A cold vapor atomic
bsorption spectrometer mercury detector (CVASS) was used for
etection the concentration of off-gas, which was  calibrated by
umex RA 915+. Temperature control devices were installed to con-
rol the mixed gas and the reactor temperature. The tests were
arried out in the reactor that was maintained at 100–300 ◦C under
g0-laden nitrogen flow. In addition, active carbon was  used for

he off-gas cleaning. It can adsorb the mercury (Hg2+ and Hg0) in
he flue gas. H2SO4 + KMnO4 solution was used for adsorbed the
xidized mercury. To investigate the effect of temperature on the
ue gas, the area under the breakthrough curves corresponding to
g0 on the prepared sorbents during 600 min  was  integrated. To

nvestigate the effects of various gas components, pure N2, 4% O2
nd 500 ppm of SO2 were chosen when needed. The Hg0 removal
fficiency was calculated according to Eq. (1):

emoval efficiency = Hg0
in

− Hg0
out (1)
Hg0
in

here the Hgin
0 is the inlet concentration of Hg0, and Hgout

0 is the
utlet concentration of Hg0.
d (d) O 1 s spectra of XPS analysis for the as-prepared samples.

Mercury-temperature programmed desorption (Hg-TPD)
method was designed to investigate the mercury release perfor-
mance from the spent material. After mercury adsorption at 150 ◦C
with 4% O2 for 30 min, the sorbents were regenerated by heating
from 100 ◦C to 700 ◦C in a pure N2 carrier gas. Hg-TPD curves under
different heating rates (2 ◦C/min, 5 ◦C/min and 10 ◦C/min) on the
MnO2/CS surfaces were collected.

3. Results & discussion

3.1. Physical and chemical characterization

FT-IR spectra were recorded to investigate the surface chemical
compositions of the prepared samples. Fig. 1(a) shows the spec-
tra of carbon spheres, �-MnO2 and MnO2/CS. For carbon spheres,
peaks appeared at 1709, 1624 and 1245 were cm−1 the C O, the
aromatic C C and the epoxy C O, respectively [16,29]. A wide peak
at ∼3450 cm−1 was  the O H of the adsorbed water molecules [16].
For �-MnO2, the peaks at 693 cm−1 was the Mn-O vibrations of

[MnO6] octahedra in �-MnO2 [30]. After hydrothermal reactions,
in the case of MnO2/CS, the functional peaks of C O and C O dis-
appeared according to its spectrum. The peak at 1623 cm−1 which
was ascribed to C C bond still existed. In addition, the vibration of
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Fig. 2. (a) XRD patterns and (b) Raman spectra 

n-O below 700 cm−1 can be detected. The results indicated that
anganese oxides grow on the surface of carbon sphere, combing
ith the surface chemical function groups.

XPS analysis of as-prepared samples were presented in Fig. 1 (b),
c) and (d). As shown in Fig. 1(b), the XPS spectra of C 1 s are given,
or carbon sphere, the peaks at 283.5, 285.6 and 289.4 eV were
orresponded to C C/C C groups in aromatic rings, C O groups
epoxy and alkoxy), and O C O groups, respectively [16]. The ratio
f C O/C was high (70.68%), indicated that lots of C O functional
roups on the surface of carbon sphere and the result was meet
ith the FT-IR analysis. For MnO2/CS composite, three peaks at

84.7, 285.4 and 288.6 eV can be assigned to C C/C C, C O and
 C O groups, respectively. It was obvious that there is a sharp
ecrease in the ratio of C O/C (decreased to 35.23%), indicated that

 O function groups were the primary binding sites in the syn-
hesized process. In the spectra of Mn  2p3/2, as shown in Fig. 1(c),

or �-MnO2, two peaks could be divided into two components at
42.6 and 644.2 eV corresponded to Mn3+ and Mn4+, respectively
14,31,32]. The high binding energy is ascribed to high valance of

n.  Generally, higher valance of Mn  is favorable for catalytic oxi-

Fig. 3. TEM images of carbon sphere ((a) and (d)), �-MnO
carbon spheres, (2) MnO2/CS, and (3) �-MnO2.

dation. The same peaks were detected in the spectra of MnO2/CS
composite. However, the ratio of Mn4+/Mn3+ + Mn4+ (36.03%) was
a little decreased to that of �-MnO2, due to the reduction effect of
C. For the spectrum of O 1s, as shown in Fig. 1(d), a wide peak of
carbon sphere centered at 533.3 eV. The peaks at binding energies
higher than 533 eV were associated with adsorbed water. There
were two peaks at 529.8 and 531.2 eV corresponded to lattice oxy-
gen (Olatt) and adsorbed oxygen (Oads), respectively [15,33]. For
MnO2/CS composite, two peaks at 529.9 and 531.4 eV were also
corresponded to Olatt and Oads, respectively. However, the ratio of
Oads/Olatt + Oads increased from 50.32 to 60.87% due to the suffi-
cient surface oxygen of carbon sphere. Higher surface oxygen on
the composite surface was  beneficial for catalytic reactions.

The crystal structures of the as-prepared materials were charac-
terized by XRD analysis. As shown in Fig. 2(a), it gives the patterns
of carbon spheres, MnO2/CS and �-MnO2. For carbon sphere, a wide

◦
peak was  detected at ∼ 25 , corresponding to the (002) diffrac-
tion peak of carbon. For �-MnO2, the character peaks were well
corresponded to pure �-MnO2(JCPDS 44-0141) [15,34]. With the
addition of 10 mmol  MnO2 on 1 g of carbon spheres, two peaks at

2 ((b) and (e)) and MnO2/CS composite ((c) and (f)).
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6.9◦and 66.5◦ were correspond to the phase of (111) and (311)
or birnessite-type MnO2, respectively. For the pattern of MnO2/C
omposite, two peaks at 36.8◦and 65.7 ◦correspond to the (111) and
311) phases birnessite-type MnO2, respectively [28].

To further investigate the textural properties of these materials,
aman spectra are given and shown in Fig. 2(b). For carbon sphere,
he peaks at 1323 and 1578 cm−1 were corresponded to the D bond
nd G bond, respectively. In which, the G bond represented the
n-plane vibration of graphite crystals and that the D bond was
he vibration of amorphous carbon. The ratio of peak values (ID/IG)
as smaller than 1, indicated that the surface defect existed on

arbon sphere. For �-MnO2, in the low wave number regions, two
eak bands at 650 and 360 cm−1 can also be observed [35]. They
ere corresponded to the symmetric stretching vibration M-O  of

MnO6] groups and Mn-O stretching vibration in the basal plane of
MnO6] sheet [25]. With the addition of 10 mmol MnO2, there were
lso two peaks at 650 and 360 cm−1 can be detected. However, the
ntensity was not as strong as pure �-MnO2. There were no peaks
or the spectrum of carbon sphere, indicated that manganese oxides

ainly existed on the surface of MnO2/CS composite.
Fig. 3 shows the TEM images of carbon sphere, �-MnO2 and

nO2/CS composite. It was seen that all carbon spheres were uni-
orm in size with an average diameter of ∼227 nm.  The carbon
pheres were linked with each other due to the hydrothermal con-
itions. For �-MnO2, they exhibited one-dimensional nano-rods,
hich had the diameter of about 30.9 nm.  For MnO2/CS composite,

t exhibited a 3D structure. As shown in Fig. 3(c), MnO2/CS compos-
te exhibited as the urchin morphology where the carbon sphere

as the core of 3D material, and the MnO2 nano-rods grow on the
urface of carbon spheres. The sufficient function groups on the
urface of carbon sphere support for Mn  ions. The nano-rod like
nO2 can grow on its surface (detail images can also see in Fig. S2).

uch hierarchical structure of this 3D material was  beneficial for
nlarging the surface areas.

As shown in Table 1, the BET surface areas, the BJH pore vol-
mes and average pore sizes were given. Carbon sphere has the
urface areas of only 8.628 m2/g due to its large sphere and low
ore volume (ca. 0.010 m3/g). The one dimensional �-MnO2 had
he surface area of 31.013 m2/g. The pore volume and the pore
imeter were 0.066 cm3/g and 3.693 nm.  After 3D structure forma-
ion, the surface of MnO2/CS was four times larger than �-MnO2,
hich was 134.095 m2/g. In addition, the pore volume of MnO2/CS

ca. 0.331 m3/g) was five times larger than that of �-MnO2. The
ore dimeter was similar to that of �-MnO2. With the designing
f 3D structure MnO2/CS, the surface areas and pore volume were
ignificantly enlarged.

.2. Hg0 removal performance

As shown in Fig. 4(a), Hg0 removal performances of these as-
repared materials were tested. Obviously, pure carbon sphere
ad no activity for Hg0. �-MnO2 was evaluated for Hg0 removal
nd it exhibited a high Hg0 removal efficiency. But it is lower
han that of MnO2/CS composite. MnO2/CS composite had excel-
ent Hg0 removal performance. The Hg0 removal efficiency could
eep approximately 100% even after 600 min  reaction. In addition,
he effect of temperature on Hg0 removal efficiencies were tested
nd the results are shown in Fig. 4(b). Carbon sphere, �-MnO2 and
0 mmol  MnO2/CS were evaluated at a temperature window of
00–350 ◦C. The Hg0 removal efficiencies were calculated based
n the total 600 min  reaction. Carbon sphere also had nearly no
emoval efficiency at such a wide temperature window. For �-
nO2, the highest Hg0 removal efficiency was at 150 ◦C and it was
1.73%. With the temperature rising, the Hg0 removal efficiencies
ropped sharply. The efficiencies were 64.8% at 250 ◦C and 28% at
50 ◦C, respectively. For MnO2/CS, the Hg0 removal efficiency was
Fig. 4. (a) Hg0 removal performance of as-prepared samples and (b) the total
600  min  Hg0 removal efficiencies at a wide temperature window.

almost the same to �-MnO2 at 100 ◦C. The highest Hg0 removal
efficiency was at 150 ◦C and it was  95.6%. However, temperature
rising did not result in Hg0 removal efficiency as low as �-MnO2.
Even at 300 ◦C, it had 72.16% Hg0 removal efficiency, compared to
56.85% for �-MnO2. But at 350 ◦C, the efficiency dropped to 30.6%.
Such high temperature was  not favorable for Hg0 removal over Mn-
based oxides. Based on the above results, it was indicated that the
CS support can enhance the Hg0 removal efficiency and enlarge the
reaction temperature window.

Furthermore, the effects of gas components on Hg0 removal
were investigated. The results of the effects of O2 and SO2 are
shown in Fig. 5. For �-MnO2, when there was no O2 in the sim-
ulated flue gas, it had ∼95% Hg0 removal efficiency in the initial
100 min. However, the Hg0 removal efficiency gradually lost. After
600 min  reaction, it almost had no activity for Hg0 removal. It indi-
cated that O2 played an important role in Hg0 removal process.
When the gas component was  4% O2 + 500 ppm SO2, �-MnO2 was
poisoned for Hg0 removal. Hg0 removal efficiency was only ∼80% in
the initial several minutes, and the Hg0 removal efficiency gradually
decreased. Mn-based oxides can be easily poisoned by SO2, result-
ing in low reaction activity. For MnO2/CS composite, when there
was no O2 in the simulated gas, the Hg0 removal efficiency was
higher than 95% even after 600 min  reaction. Sufficient surface oxy-
gen make the material have high Hg0 removal efficiency. SO2 had a

poison effect on Hg0 removal over MnO2/CS. But its poison impact
was not as harmful as �-MnO2. The Hg0 removal efficiency was
approximately 70% after 600 min  reaction with 4% O2 + 500 ppm
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Table  1
Surface analysis of as-prepared samples.

Material BET surface area (m2/g) Pore volume (m3/g) Pore diameter (nm) Mn4+/Mn4++Mn3+ (%) Oads/Oads+Olatt (%) C-O/Total C (%)

Carbon sphere 8.628 0.010 3.352 

�-MnO2 31.013 0.066 3.693 

MnO2/CS 134.095 0.331 3.646 

F
p

S
s
t
t
h
s

3

t
a
t
fi
O
a

ig. 5. Effects of O2 and SO2 on Hg0 removal over �-MnO2 and 3D MnO2/CS com-
osite.

O2. The nano-size 3D material could make full use of the active
ites and protect the poison from SO2. The reason for the poison was
hat sufficient surface oxygen can combine with the oxidized SO2
o generate sulfate on its surface. However, carbon-based material
as little effect on SO2 poison due to the porous structure. Sulfate
pecies can not easily generate on its surface.

.3. Hg0 removal mechanism over MnO2/CS

As shown in Fig. 6, the H2-TPR profile was given to illustrate
he reducibility of �-MnO2 and MnO2/CS composite. For �-MnO2,

 reduction peak was centered at 331.1 ◦C which was  assigned
4+ 3+ 2+
o the reduction of Mn → Mn → Mn . However, for the pro-

le of MnO2/CS composite, two reduction peaks can be detected.
ne peak at 264.6 ◦C was the reduction peak of Mn4+ → Mn3+, and
nother peak at 449.4 ◦C was the peak of Mn3+ → Mn2+. The reduc-

331.1

MnO2/CS

Mn4+-->Mn3+-->Mn2+

����MnO2

264.6

449.4

Fig. 6. H2-TPR profile of �-MnO2 and MnO2/CS composite.
/ / 70.68
42.35 50.32 /
36.03 60.87 35.23

tion peak of Mn4+ → Mn3+ shifted to the lower temperature which
was beneficial for Hg0 catalytic oxidation. The mainly active valance
of Mn  was the higher valance Mn  (Mn4+) based on previous studies.

In addition, Hg-TPD profile was tested to explore the mercury
desorption performance. The results of the Hg-TPD curves under
different heating rates are shown in Fig. 7. As shown in Fig. 7(a),
under the heating rate of 2 ◦C/min, two desorption peaks can be
detected. One low temperature peak was  at 193.2 ◦C and another
high temperature peak was  at 400.3 ◦C. The adsorbed Hg0 can be
absolutely desorbed from the surface of MnO2/CS, indicated that
mercury was  adsorbed on the surface of MnO2/CS. The low tem-
perature peak was ascribed to the physical adsorption and the high
temperature peak was  due to the chemical adsorption of mercury.

Based on above analysis, the Hg0 removal mechanism over
MnO2/CS can be described as follows:

Hg0(g) → Hg0(ads) (2)

Hg0(ads) + Mn4+ → Hg2+(ads) + Mn3+ (3)

Hg2+(ads) + O(sur) → HgO(ads) (4)

It was  obvious that Hg0 removal mechanism was  ascribed to
a chemical-adsorption process. The high valance of Mn,  the elec-
tron transition through carbon-based materials, and sufficient was
favorable for mercury oxidation. Moreover, such 3D composite
which combines porous structure, larger surface area and suffi-
cient binding site, benefits gas adsorption and results in high Hg0

removal efficiency.
In addition, the desorption under the heating rates of 5 and

10 ◦C/min were illustrated in Fig. 7(b) and (c). Obviously, two  des-
orption peaks can be detected. The higher heating rates could result
in a higher desorption temperature peak. Based on the desorp-
tion data under different rates of heating, the desorption activation
energy was  calculated according to Eq. (5) [16]:

2LnTp − Ln  ̌ = Ed
RTp

+ Ln
Ed
AR

(5)

where Tp is the maximum value at a certain temperature (K), �
is the heating rate (K/min), Ed is the desorption activation energy
(kJ/mol), R is the gas constant, T is the temperature (K), and A is a
pre-exponential factor.

According to the equation, the desorption activation ener-
gies of low temperature peak and high temperature peak were
25.38 kJ/mol and 123.05 kJ/mol, respectively.

4. Conclusions

In summary, the MnO2/CS composite was synthesized using
hydrothermal method. The 0D carbon sphere and 1D �-MnO2 build
the 3D urchin-like morphology. The surface area was  enlarged
along with the enlargement of pore volume. Carbon spheres pro-
vide sufficient function groups for Mn  ions. The 1D MnO2 grow
on carbon spheres and form the 3D hierarchical structure. The
MnO2/CS composite exhibited higher Hg0 removal performance
than �-MnO2. Noteworthy, it reveals the SO2 resistance when used

as Hg0 sorbent. The Hg0 removal mechanism was  mainly ascribed
to a chemical-adsorption process. Higher valance of Mn oxidized
Hg0 to oxidized mercury, along with the adsorption with surface
oxygen. The larger BET surface areas, abundant surface oxygen and
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Fig. 7. Hg-TPD profile of MnO2/CS composite under dif

trong reducibility were favorable for Hg0 oxidation and adsorp-
ion. Design of this 3D structure composite by the cooperation of
D carbon sphere and 1D MnO2 was promising material for gas
urification.
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