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The influence of structure of MnO,, /TiO, catalysts and their catalytic oxidation of o-dichloro-
benzene were examined in this study. MnO,/TiO, catalysts were characterized by X-ray dif-
fractometer (XRD), thermogravimetry-differential thermal analysis (TG-DTA), TEM, X-ray
photoelectron spectrum (XPS) and FTIR for NH; adsorption techniques. Experimental results
indicated that the MnO, /TiO, catalyst prepared from manganese nitrate possessed the highest
catalytic activity with a gas hourly space velocity (GHSV) of 14,500 h—!. This activity may be
due to a large amount of surface Mn,O3 species, the strong Bronsted and Lewis acidity and the
combined TiO, phases. Additionally, a possible reaction model from o-dichlorobenzene oxidation
over MnO,, /TiO, catalyst was suggested based on the analysis.
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1. Introduction

Incineration of wastes is expected to be more ap-
pealing as it reduces the mass and volume of wastes
and produces energy.! However, the combustion
processes have the huge drawback of producing
many organic products of incomplete combustion;
these organic products can be named as dioxins.
They are all environmentally persistent organic

fCorresponding author.

pollutants, very toxic and carcinogenic.” > Therefore,
in order to fix the problem of the atmospheric mis-
sion of these chlorinated volatile organic compounds
(C-VOCs), strict emission limits have been imposed
by environmental legislation. Techniques such as
thermal incineration, adsorption and so on,® have
been developed for solving this trouble of atmo-
spheric release of Cl-VOCs. Thermal incineration
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needs temperatures higher than 850°C. Thermal
treatment is quite expensive and may also lead to
emission of by-products, such as dioxins, dibenzo-
furans, etc due to incomplete combustion.” For the
adsorption technique, a special new kind of carbo-
naceous materials® was applied for CI-VOCs removal
recently. Despite the success of adsorption and
thermal incineration, there is still a need for research
on techniques, which are both economically more
favorable and truly destroy the pollutants rather
than merely remove them for recycling elsewhere in
nature. The catalytic destruction of CI-VOC to CO,,,
H,O and HCI/Cl, appears very promising in this
context.! In order to further catalytic oxidize Cl-
VOC, some promoters such as ozone, are usually
added to promote the catalytic performance of the
catalysts.”'? However, the promotion effect of ozone
disappeared at high temperature (above 200°C) for
the decomposition of ozone. Therefore, an effective
catalyst itself is the key to flue gas treatment.

In recent years, manganese oxides have been
reported to be among the most efficient transition-
metal oxide catalysts for catalytic disposal of pol-
lutants.'! They have been widely used in selective
catalytic reduction of NO, with NH;,'*"'* CO,"
VOC!'7 and CI-VOCs'®' oxidation since they
contain various types of labile oxygen, which are
necessary to complete a catalytic cycle.?’

Most of supported Mn-based catalysts were pre-
pared by the impregnation method using manganese
nitrate (MN) or manganese acetate (MA) as a raw
material. The kinds of Mn precursors, which induce
different oxidation states during preparation of cat-
alysts, have been reported affecting the catalyst ac-
tivities in several systems. It is generally believed
that the efficiency and selectivity of reaction depends
on the dispersion and oxidation patterns of MnO,,
and the order catalytic activity of MnO,, is MnO, >
Mn;Og > Mn,O3 > MnzO,4.°! Many efforts have
been devoted to investigate the effects of different
phases of MnO,, on low-temperature SCR. Kapteijn
et al.”” reported that MA precursor results in better
dispersion of MnO,, on alumina and higher catalytic
activity than MN at 100-180°C. However, Pena
et al.*® claimed that the MnO, /TiO, catalyst pre-
pared from MN showed a better performance than
that prepared from the MA precursor at 100-200°C.
Li et al.** pointed that the higher low-temperature
activity of MnO, /TiOy from MA was attributed to
the higher surface Mn concentration and the surface
Mn,Qj species. Tang et al.>” made a distinction that

the excellent low temperature catalytic activity of
MnO,, catalysts was mainly due to their amorphous
Mn3;0O, phase. However, few results about the role
of the MnQO,, for catalytic oxidation of Cl-VOC on
MnO, /TiO, have been reported. This work is mainly
focused on the effect of MnO, structure of MnO, /
TiO, catalysts for o-DCB removal. It will help us to
better understand how the degradation of o-DCB was
affected over the supported MnO,,/TiO, catalysts.

2. Experimental

2.1. Catalysts preparation

The MnO,,/TiO, catalysts are prepared from differ-
ent manganese compounds, MA, MN and manganese
carbonate (MC), and the catalysts could be denoted
as MN-MnO, /TiO,, MA-MnO,/TiO, and MC-
MnO, /TiO,, respectively. TiOy used in this study
was Hombikat UV 100 from Sachtleben Chemie.?®
As determined by Ny adsorption, it had a specific
surface area of 309 m*/g, a pore volume of 0.37 cm® /g,
a pore diameter of 4.5nm. An amount of 80 mL
of distilled water was added to a 250 mL beaker
containing appropriate amount of MN(Mn(NOj),
50% solution) or MA (Mn(CH3COO), - 4H50) or MC
(MnCOs3) precursor with stirring, 10.0 g TiO5 support
was added consecutively, and the mixture was stirred
at 80°C until the water was evaporated. The paste
obtained was dried overnight at 105°C and was cru-
shed into fine powder named MnO,, /TiO, precursors.
Finally, the precursors were calcined at 500°C for 6 h
to obtain MnO,/TiO, composite catalysts. At the
same time, MN-MnO, /TiO, catalysts with different
atomic ratios of Mn/Ti (1:10, 1:8, 1:6, 1:4, 2:4, 3:4,
4:4) and different calcination temperature (200°C,
300°C, 400°C, 500°C, 600°C) were prepared by fol-
lowing the steps above.

2.2. Characterization of catalyst

The phase structure of catalysts were performed on
a D8-ADVANCE X-ray diffracto-meter (XRD) with
CuKa radiation (CuKa = 0.15406 nm). The mor-
phology of the samples was observed by Tecnai G*20
transmission electron microscope (TEM). Thermal
decomposition of catalyst precursors were monitored
by thermogravimetry/differential thermal analysis
(TG-DTA) at a heating rate of 10°C/min up
to 800°C. X-ray photoelectron spectrum (XPS)
measurements were used to determine the atomic
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concentration and the state of the elements on cat-
alyst surface with a Thermo ESCALAB 250 with Al
Ka (hv = 1486.6eV) X-rays. The concentration of
Mn and Ti on the surface of the samples was calcu-
lated from the integral of peak areas of the XPS data
divided by each sensitivity factor of the element. The
FTIR spectra during NHj adsorption experiment
was recorded with a Nicolet Nexus 670 spectrometer,
collecting 100 scans at a spectral resolution of 2 cm 1.
The powdered sample was placed in a cell which
allows thermal treatments in vacuum or in a con-
trolled atmosphere. In the cell, all samples were
treated at 150°C in air for 1h, cooled down to room
temperature in air and out gassed at room tempera-
ture for 1 h. NH; was then admitted by opening for
5 min the valve of the vessel containing the substance
at 25°C. Desorption were then performed by evacu-
ation for 30 min at room temperature. The powdered
samples were compressed into thin self-supporting
discs of about 0.1 mm thick. Data are reported as
difference spectra obtained by subtracting the spec-
trum of the sample before the admission of NHj.

2.3. Catalytic activity measurement

The catalytic oxidation of o-DCB was carried out in
a self-designed fixed-bed reactor under atmospheric
pressure of 150-300°C (Fig. 1).

The 0-DCB containing feed stream to the reactor
was carried by air and controlled by a flow con-
troller. The total flow rate through the reactor was
set at 150 mL/min, corresponding to a gas hourly
space velocity (GHSV) of 14,500 h~!. The concen-
tration of 0-DCB in air was 3% and the Oy/0-DCB
molar ratio was 6.8:1 before reaction. Oxygen was
excess to insure complete oxidation of o-DCB. Ac-
etone was used as the absorption solution, the
0-DCB concentration difference between bottles 1
and 2 was conducted as the evaluation standard of

preheat zone
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catalytic performance. The final products of CO and
COyduring o-DCB catalytic oxidation have been
detected by gas chromatography (GC) and absor-
bed by exhaust collection device. CO and CO,
during 0-DCB catalytic oxidation have been detec-
ted by gas chromatography (GC-4004) equipped
with thermal conductivity detector. A TDX-01
column (1m x 2.5 mm, i.d.) was used to determine
CO and CO,. Helium was used as the carrier gas at
a flow rate of 10 mL/min. The temperature of the
column and detector of GC were setup as 60°C and
100°C, respectively. The retention time of CO and
CO, was 8.6min and 24.8min respectively (see
Fig. 2). Compared with the highly toxic Cl-VOC
which are carcinogenic and environmentally persis-
tent, the products are lower toxicity and harmful.”
As the catalyst powders could not easily be fixed
in the reactor, ceramic honeycombs were used as
carrier. Catalyst powders were dispersed in deio-
nized water with mass ratio of 1:40, and then they
were loaded inside the pore of ceramic honeycombs
by impregnation. Finally, these ceramic honey-
combs were dried at 110°C overnight for catalytic
activity test without further treatment. After
60 min reaction at each temperature, quantitative
analysis of 0-DCB was continuously performed by
GC-4004 equipped with flame ionization detector
and thermal conductivity detectors. During the o-
DCB analysis, the temperature of the column and
detector of GC with nitrogen as carrier gas were
setup as 250°C and 260°C, respectively. The type of
column used for separation is GDX-101 and the
pressure for column, H,, Ny and O, were 0.08, 0.05,
0.3 and 0.2MPa, respectively. o-DCB conversion
efficiency was obtained by the following equation:
0-DCB conversion = ([o-DCB]yg1e 1
— [0-DCBlpott1e2)/ [0-DCBlpotie1
x 100%.

(1)

I U0 A e —— S ,
electric furnace
flowmeter N N
tail gas
air
compressor o-DCB adsorption adsorption
(X bottle 1 bottle 2

Fig. 1.

Schematic diagram of the experimental apparatus.
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Fig. 2. The chromatograms of the products: CO and COs,.

3. Results and Discussion

3.1. Catalytic testing

The results of 0o-DCB conversion efficiency as a
function of temperature over the three catalysts
prepared by three manganese compounds are shown
in Fig. 3. Pure TiO, or ceramic honeycomb was also
presented for comparison. It was clear that pure
TiO, or ceramic honeycomb showed no catalytic
activity. MN-MnO, /TiO, performed a best catalytic
capacity in all catalysts. The conversion efficiencies
of 0-DCB were all above 60% at the temperature
ranging from 150°C to 300°C, and its activity was
enhanced slowly with increasing temperature. About
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Fig. 3. Catalytic activities of MnO,, /TiO, prepared from dif-

ferent manganese compounds.

Table 1. The catalytic oxidations of o-DCB over
MN-MnO, /TiO, catalysts with different ratio of
Mn/Ti at 500°C.

0-DCB conversion efficiency (%)

Samples 150°C  200°C  250°C 300°C
Mn/Ti = 1:4 60 73 80 88
Mn/Ti = 2:4 12 25 29 33
Mn/Ti = 34 21 26 37 47
Mn/Ti = 4:4 33 38 35 24

90% of o-DCB could be decomposed with MN-
MnO, /TiO, as catalyst at 300°C with a GHSV of
14,500h~!. However, the conversion efficiencies of
0-DCB over MA-MnO, /TiO; and MC-MnO,,/TiO,
were below obviously compared with MN-MnO, /
TiO, under the same condition.

Then, the preparation parameters such as tem-
perature of calcination and Mn content had been
evaluated for MN-MnO, /TiO,. The catalytic oxi-
dations of o-DCB over MN-MnO, /TiO, catalysts
prepared with different ratio of Mn/Ti at 500°C and
different temperature of calcination are listed in
Tables 1 and 2, respectively. About atomic ratio of
Mn/Ti of MnO, /TiO, catalysts, we made reference
from Tian?” because the main component of the
catalyst was similar. Except the four groups of Mn:
Ti ratio (1:4, 2:4, 3:4 and 4:4), we designed addi-
tionally the Mn:Ti ratio of 1:10, 1:8 and 1:6. From
the results of catalytic activity, the Mn:Ti ratio
before 1:4 was not good. So, the corresponding data
were not shown here. As listed in Table 1, the
loading of Mn had significant effect on the activity
of MN-MnO, /TiO,. o-DCB conversion efficiency
decreased with the increase of Mn loading, and the
activity of MN-MnO, /TiO, reached the highest
value when the ratio of Mn/Ti was 1:4. The further
increase of Mn loading amount would lead to the
decrease of o0-DCB conversion efficiency maybe
due to the sintering effect.?® This effect will cause a

Table 2. The catalytic oxidations of o-DCB over MN-
MnO,/TiO, catalysts calcined at different temperatures.

0-DCB conversion efficiency (%)

Samples 150°C  200°C  250°C  300°C
MN-MnO, /Ti0,-200 42 48 49 51
MN-MnO, /Ti0,-300 33 31 43 39
MN-MnO, /TiO,-400 23 22 27 28
MN-MnO, /TiO5-500 60 73 80 88
MN-MnO, /Ti0,-600 14 18 16 11

1550067-4



decrease in the number of surface metal atoms per
unit mass of metal and therefore decreases the
number of active sites of the catalyst.?

It can be seen from Table 2 that the MN-MnO, /
TiO, calcined at 500°C can perform most efficiently
in all samples. The differences resulted from the
activities may get an explanation from the active
MnO,, species from the TG-DTA profiles. Therefore,
the catalysts prepared with Mn/Ti ratio of 1:4 at
500°C were selected to be investigated.

3.2. Characterization of catalysts

The XRD patterns of origin TiO, powders and cat-
alysts prepared from three manganese compounds
are shown in Fig. 4. Two messages about MnO,/
TiO, catalysts were obtained from XRD chart. First,
different manganese oxides formed in the three cat-
alysts. For MA-MnO, /TiO,, it can be seen that
Mn30, (PDF card 24-0734) was the only manganese
oxides observed on the surface. For MC-MnO,, /TiO,
compared with MA-MnO,, /TiO,, the oxidation state
of MnO,, changed: besides Mn30,, several new dif-
fraction peaks that appeared were attributed to
Mn,0O3 (PDF card 41-1442). For MN-MnO,,/TiO,,
there were also some peaks corresponded to MnyO5
and Mn3zO,, but the intensities of MnsO, peaks
was very weak. It can be seen that the intensity of
Mn,03 in MN-MnO, /TiOy (Mny,O3% = 25.5%) was
stronger than that in MC-MnO, /TiOy (MnyO3% =
23.5%). Some MnQO,, peaks were vague because it is

#-anatase TiO2
»-rutile TiO2
A-Mn O,
o-Mn 30 A

Intensity(CPS)

' ' T r '
20 30 40 50 60
26/deg
Fig. 4. XRD patterns of catalysts prepared from different

manganese compounds: (a) MA-MnO, /TiO,, (b) MN-MnO,/
TiOQ, (C) MC-MHOJ/TIOQ
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covered by strong TiO, peaks. Second, there were
two phases for the origin of TiO, powders. Besides
the typical diffraction peak characteristic of anatase
(20 = 25.3°) was observed, some peaks assigned to
the rutile phases (20 = 27.5°) were also detected. So,
we can see that the phase of TiO, of three catalysts
was a mixture of anatase and rutile. Thus, there
were two factors on the high catalytic activity for
MN-MnO,,/TiO, according to the results of o-DCB
conversion efficiency: on one hand, it can be con-
cluded that the MnO, for MN-MnO,,/ TiO, could be
considered as mixed oxides of Mny,O3 and MnzQOy,
and the majority was MnyO3 that played a crucial
role in the reaction; on the other hand, we can
speculate that there may be a kind interaction be-
tween MnQO,, and carrier. It had been analyzed that
TiO, in anatase phase and rutile phase would be a
good carrier,®® which contributed to a better dis-
persion of MnQO,. Thus, the combined TiO, phase
and a large of MnyO3 in MN-MnO, /TiO, might
contribute to its high activity. While for catalysts
MA-MnO, /TiO5 and MC-MnO,, /TiO,, little Mn,O5
would lead to relatively lower activity.

Thermal analysis results of the MnO,, /TiO5 pre-
cursors are shown in Fig. 5. The weight loss below
150°C was related to the decomposition of physically
adsorbed water and surface impurities on these three
samples. The curve of MA-MnO,/TiO, in Fig. 5(a)
depicts that the endothermic peak stayed at 273°C
accompanied with a weight loss on TG curve, was
caused by the formation of manganese oxides. No
clear weight loss was recorded from 300°C to 800°C
on the TG and DTA curve. There was only MnzO,
in the MA-MnO, /TiO, catalyst according to the
results of XRD. In contrast, distinct differences were
recorded on the TG-DTA curves of MN-MnO,,/TiO,
and MC-MnO,, /TiO,. In Fig. 5(b), there were two
endothermic peaks located 218°C and 330°C ac-
companied with a weight loss on TG curve, which
may be ascribed to the formation of MnO,, such as
MnO; or MnyO3 (2MnOy — MnyO3 + O). It can be
seen that a slight weight loss at 500°C on the TG
and DTA curve was attributed to the decomposition
of a few Mn,O3 (3Mny03 — 2Mnz0,4 + O).” In Fig. 5
(¢), the endothermic peaks presenting the formation
of MnO, was 265°C and 362°C, respectively, but the
peak at 500°C belonging to the decomposition of
Mn,03 was stronger than Fig. 5(b). This probably
constituted the reason why the amount of Mn,O3 on
MC-MnO,,/TiO; was less than that on MN-MnO, /
TiO5 according to the results of XRD. Conclusion
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Fig. 5. TG-DTA profiles of three MnO,/TiO, precursors:
(a) MA-MnO, /TiOs, (b) MN-MnO,/TiO,, (c) MC-MnO,/
TiOs.

would be drawn that a massive Mn,O3 exiting in
MN-MnO, /TiO, calcined at 500°C is responsible to
its high activity. Besides, the presence of manganese
will inhibit the phase transition of TiO,.?* So, there
was no evidence in the thermal analysis of the phase
transition of TiOs,.

TEM images of MnO,/TiO, were obtained in
order to get more details about the microstructure
of catalysts. Figures 6(a)—6(c) indicated that there
were no significant disparities in the morphology of
three catalysts. Catalyst particles of MnO,/TiO,
had comparatively regular flaky shape with low
crystalline and the grain size mainly ranges from
40nm to 50nm. It was also shown that the ag-
glomeration of MA-MnO,/TiO; and MC-MnO,/
TiO5 was more serious due to calcination than MN-
MnO, /TiO,. The crystals of TiOy could be seen
while MnQO,, could not be seen and the grain size was
much bigger than MN-MnO,,/TiO, which provides
further evidence of lower crystallinity of manganese
oxides. From this result, we can infer that the dis-
persion of manganese oxides on MN-MnO,/TiO,
was better than on the other catalysts, which can be
the reason for the good catalytic activity of MN-
MnO, /TiOs.

XPS was used to measure the concentration of
the atoms on the surface of MnO, /TiO, catalysts.
As shown in Table 3, the concentration of Mn on the
surface of MA-MnO,, /TiO, was the highest, and the
order of Mn/Ti ratio on the surface was MA-MnO, /
TiOy > MN-MnO,,/TiOy = MC-MnO,,/TiO,.

It can also be seen that the sequence of the cat-
alytic activity was MN-MnO, /TiO, > MC-MnO, /
TiOy > MA-MnO, /TiO,. Experimental results re-
vealed that the order of the concentration of Mn in
the three samples was not the same as that of their
catalytic activity. Though the concentration of Mn
in MA-MnO,,/TiO, was the highest of all, its cata-
lytic activity among the three was the lowest. It
might be because the more serious adhesion of MA-
MnO,,/TiO can lead to higher concentration of Mn
badly dispersing on the surface, which resulted in
the lower catalytic capacity for o-DCB.

Figure 7 compares the Mn2ps3,, XPS spectra for
these three catalysts respectively. The spectrum of
MA-MnO, /TiO, (a) showed an asymmetric peak at
641.7 eV which was attributed to Mn3O,4,*' consis-
tent with the XRD results that Mn3zO,4 was the only
manganese oxide in MA-MnO, /TiO,. The MN-
MnO, /TiOs(b) and MC-MnO, /TiOs(c) catalyst
showed a symmetric Mn2ps, peak at 642.57 eV and
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Fig. 6. TEM images of MnO, /TiO, prepared from different
manganese compounds: (a) MA-MnO,, /TiO,, (b) MN-MnO, /
TiO,, (¢) MC- MnO, /TiO».

641.25eV indicating the presence of Mn*t and
Mn3* respectively,*>** implying that nonstoichio-
metric MnO,, existed in these two samples. This
might be the result of crystal defects and oxygen

Structure of MnO,/TiO, Catalysts

Table 3. Atomic concentrations of three catalysts obtained
with XPS.

Metal content (at.%)

Catalysts Mn Ti Mn/Ti Mn** Mn** Mn?"/Mn
MA-MnO, /TiO, 5.21 14.63 0.36 3.03 2.18 0.581
MN-MnO, /TiO, 3.53 17.2 0.21 2.07 1.46 0.586
MC-MnO, /TiO, 3.48 17.26 0.20 1.58 1.90 0.454

vacancies,”® leading to higher activities in o-DCB
oxidation. In addition, it can be seen that the in-
tensity of Mn?* (641.25) peak of (b) was stronger
than (c), which means the content of Mn3+ in MN-
MnO, /TiO, was more than that in MC-MnO,/
TiO,. The fact that MA-MnO,/TiO, having a
higher concentration of Mn but a relatively lower
catalytic activity indicated that the content of
Mn was not significant to the o-DCB oxidation. As
reported by Tang,”” the catalytic performances of
the supported manganese oxide catalyst were mainly
affected by the oxidation state. For o-DCB oxidation
over MnO, /TiO, catalysts, Aguero®® demonstrated
that a lower average oxidation state of manganese
would enhance the performance of the catalysts.
Combined with the data in Table 3 and the XRD
results, a higher Mn3* /Mn ratio in MN-MnO,,/TiO,
surface, indicating a lower mean oxidation state
of the manganese, could be a factor for its out-
performing behavior in o-DCB oxidation. According
to the TEM and XPS results, small particle with

27000 |- Mn2p3/2

22500

18000

Intensity/a.u.

13500

9000

1 i 1 i 1 i
639 642 645 648
Bonding Energy/eV

Fig. 7. Mn2p XPS spectra of MnO,,/TiO, prepared from dif-
ferent manganese compounds: (a) MA-MnO, /TiO,, (b) MN-
MnO, /TiO,, (¢) MC-MnO,,/TiOs.
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Fig. 8. DRIFTS spectra for NH3 adsorption and desorption on
MnO,,/TiO, prepared from different manganese compounds at
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a higher content of low average oxidation state of
manganese contributed to the good catalytic per-
formance of MN-MnO,,/ TiO,.

All the DRIFTS spectra illustrating in Fig. 8 are
obtained by subtracting the spectrum of the fresh
catalyst (without NH3 adsorption at room temper-
ature) from those received after NHj adsorption.
As shown in Fig. 8, the peak at 1640 cm ! for all
the samples was assigned to the H-O bending
mode of hydroxyl groups present on the surface due
to moisture. In addition to this, the peaks at 1680,
1460, 1430 and 1415cm~! were attributed to the
symmetric or asymmetric bending vibration of NH |
formatting on Bronsted acid sites (B-sites), whereas
the symmetric and asymmetric bending vibration of
N-H in NHj; coordinated to Lewis acid sites (L-sites)
band markedly appeared at 1260 cm 1. Both the
Bronsted and L-sites are beneficial for o-DCB re-
move. As shown by the spectra, it can be observed
obviously that the Bronsted acid sites of MN-
MnO, /TiO, were the strongest in all samples. Be-
sides that, the adsorption of NH3 on MN-MnO,/
TiO,, which attributed to the L-site, was stronger
and sharper than that on the other samples. The
reason for this may be because that the highly dis-
persed Mn3* active sites on the MN-MnO, /TiO,
sample caused a better adsorption intensity of
coordinated-NH3. Combined with the IR spectra
obtained after NH; adsorption experiment, we can
conclude that the total amount of Bronsted and
Lewis acid of MN-MnO, /TiO, was the highest of

all. Accordingly, it was suggested that the abundant
Bronsted and strong Lewis site generated by more
dispersed Mn?3* were responsible for the excellent
catalytic activity of MN-MnO,/TiO, foro-DCB.
Therefore, for all the prepared MnO,/TiOs com-
posites, the catalytic efficiency was affected not only
by the phase of TiO5 and the kind of MnO,,, but also
by the acidity.

3.3. Proposed reaction model from
o-DCB ozxidation over MN-MnO,/
T:0- catalyst

A different mechanism of 1,2-dichlorobenzene oxi-
dation was proposed to explain the degradation of
this compound over catalyst.?” The ability of giving
proton H and capturing the lone pair electrons of
catalyst is characterized by the Bronsted and Lewis
acidity respectively. So, some studies proved that
the Bronsted and Lewis acidity were found to be a
very important parameter to control the degrada-
tion of the chlorinated compounds. Thus, the results
collected in FTIR and catalytic testing suggest a
strong correlation between number and type of acid
sites and activity to 1,2-dichorobenzene: The higher
the Bronsted and Lewis acid sites, the greater the
catalytic oxidation to 0-DCB. Based on the above
analysis, a possible reaction model from o-DCB
oxidation over MN-MnO, /TiO, catalyst was sug-
gested in Fig. 9.

A mount of surface Bronsted and strong Lewis
site generated by more dispersed Mn?* existed in
MnO, /TiO, catalyst prepared from MN. When
the reactants were in contacted with the catalyst,
the amount of o-DCB may be reduced by the ad-
sorption and oxidation of catalyst. For the ad-
sorption, the lone pair electrons of Cl was captured
by Lewis site first, making nucleophilic attack on
the chlorine position, that was proposed by many
authors.?® For the oxidation, as reported by Tar-
alunga,®” the 0o-DCB molecule could directly react
with the protonic Bronsted acid site, giving HCI,
and eventually break down under the action of
oxygen after several reactions. Though the specific
mechanism is not yet clear, further investigation on
the mechanism of o-DCB total oxidation over
MnO, /TiO, will be preceded. Then, we will per-
form the work to enhance the lifetime and the
catalytic activity of MnO,/TiO, preferentially in
future.
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A possible reaction model from o-DCB oxidation over MN-MnO,, /TiO,.

Fig. 9.

4. Conclusions

Catalysts based on MnO,/TiO, were prepared
from three different manganese compounds. Among
the catalysts, MN-MnO, /TiO, with the ratio of
Mn/Ti=1:4 and calcination temperature 500°C
showed the highest catalytic activity for o-DCB
oxidation removal. The different surface manganese
oxides yielded from different raw materials, which
were suggested by the XRD and TG-DTA. It was
also found that the combined TiO, phases of anatase
and rutile will be a good carrier for the dispersion of
manganese oxides. Meanwhile, the different surface
Mn3* concentrations and acidity of catalysts were
suggested by the XPS and FTIR with adsorption
of NHs. It is concluded that the highest activity of
MN-MnO, /TiO, catalyst was due to more surface
Mn,0O3 species and stronger Bronsted and Lewis
acidity.
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