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Abstract: Although C;HsOH and CH3;OCHj; are isomeric compounds, C;HsOH is much more efficient for NO, reduction than
CH;0CH;. In situ diffuse reflectance infrared Fourier transform spectroscopy was used to study the reaction mechanism. The enolic spe-

cies derived from the partial oxidation of C,HsOH over Ag/AL,Os plays a crucial role in the formation of -NCO species during the selec-
tive catalytic reduction (SCR) of NO, by C;HsOH. The high reactivity of the enolic species results in high surface concentration of -NCO
species and high efficiency of NO, reduction when C,HsOH was used as the reductant. In the case of CH;OCH3, the formate species as

the main intermediate has low activity for the formation of -NCO species, which results in the relatively low efficiency during the SCR of

NO..
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Since the first discovery of the high activity of Cu-ZSM-5
in the selective catalytic reduction (SCR) of NO, by hydro-
carbons [1], many studies have been carried out on this sub-
ject. Recently, Ag/Al,O; has been investigated as a promising
catalyst, which shows a relatively high activity for the SCR of
NO, by hydrocarbons or oxygen-containing organic com-
pounds in the presence of excess O, [2—8]. Previous work
showed that the Ag/Al,05;-C,HsOH system has a very high
activity for the SCR of NO, even in the presence of SO, and
H,O [4, 5].

It is well known that the reaction mechanism and the
rate-determining step of the SCR of NO, depend on the type
of the catalyst, the component of the reagent, the type of the
reductant, and the reaction conditions. So far, researchers
believed that the -NCO species acts as the key intermediates
during the SCR of NO, [4, 5, 9—11]. Recently, He et al. [12]
studied the mechanism of the SCR of NO, by C,H;OH over
Ag/Al,0O; and proposed that a surface enolic species
RCH=CH-O", which is derived from the partial oxidation of
C,H;s0H, plays a crucial role in the formation of the -NCO
species.

As C,HsOH and CH30CH; are isomeric compounds, it is of
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great significance to establish if the SCR of NO, by CH;0CH;
follows the same mechanism as that of C,H;OH. To obtain
further theoretical information with regard to the highly effi-
cient catalyst-reductant system, it is important to investigate
the different reaction mechanisms of the SCR of NO, for both
cases. In this study, in situ diffuse reflectance infrared Fourier
transform spectroscopy (DRIFTS) was used to compare the
different roles of C,HsOH and CH;OCHj; in the SCR of NO,
over Ag/Al,O;. Emphasis was placed on studying the forma-
tion, the role, and the activity of the surface adsorbed species
on the catalyst, which would provide a better understanding of
the mechanism of the SCR of NO, for each case and help to
design highly efficient systems for the SCR of NO,.

1 Experimental
1.1 Preparation and activity test of the catalyst

The 4% Ag/ALO; catalyst was prepared by an impregna-
tion method according to the literature [6]. The catalytic ac-

tivity was measured in a fixed-bed reactor by passing a gase-
ous mixture of 0.08% NO, 0.1565% reductant, and 10% O, in
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N, balance at a total flow rate of 2 L/min over 0.6 g catalyst
(WIF=0.018 (g's)/ml, GHSV =50000 h''). An aqueous
C,H;sOH solution was fed into the gas stream using a syringe
pump and vaporized using a coiled heater at the inlet of the
reactor. NO, conversion was analyzed online using a
chemiluminescence NO/NO,/NO; analyzer (42C-HL, Thermo
Environmental Instruments Inc.).

1.2 Insitu DRIFTSanalysis

In situ DRIFTS spectra were recorded on a NEXUS 670
FT-IR spectrometer equipped with a smart collector and an
MCT/A detector cooled by liquid N,. The catalyst (0.03 g)
was finely ground and placed in a ceramic crucible. Prior to
each experiment, the catalyst was heated to 873 K in a flow of
10% O,/N, for 60 min and then cooled to the desired tem-
perature. A spectrum of the catalyst in the flow of N, + O,
was taken as the background. The overall gas flow rate was
300 ml/min. All the spectra were measured at a resolution of 4
cm ' with an accumulation of 100 scans.

2 Results and discussion

2.1 Comparison of the catalytic activity of Ag/Al,O;
during the SCR of NO, by C,HsOH and CH;OCH3;

Fig. 1 compares the reduction of NO, by C,Hs;OH and
CH;0CH; over the Ag/Al,O; catalyst. When C,H;OH was
used as the reductant, NO, was reduced effectively within the
whole temperature range, and the maximum NO, conversion
was 99.6% at 690 K. In contrast, there was a relatively low
NO, conversion using CH;OCHj in the whole reaction tem-
perature range, and the highest conversion of NO, was only
22.5%. These results indicate that the NO, conversion is
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Fig. 1 Comparison of the catalytic activity of Ag/Al,O; during the
selective catalytic reduction (SCR) of NO, by C,HsOH (1) and
CH;0CHj; (2) at various temperatures

(Reaction conditions: p(NO) = 0.08%, ¢(C,HsOH) = ¢(CH30CH3) =
0.1565%, ¢(0O2) = 10%, N, balance.)

strongly influenced by the structure of the reductants. It has
been widely accepted that hydrocarbon activity in the SCR of
NO, increases with the number of carbon atoms and the de-
gree of unsaturation [13]. Although C,Hs;OH and CH;OCH;
are isomeric compounds, CH;OCHj is less effective compared
with C,HsOH for the SCR of NO,. This difference can be
explained on the basis of different mechanisms for each case
and it is described in the following sections.

2.2 Insitu DRIFTS study of the SCR of NO, by C,H;OH
and CH3OCH3 over AgIA|203

The difference in behavior between C,HsOH and CH;OCH;
for the SCR of NO, over Ag/Al,O; was investigated using the
in situ DRIFTS method. The in situ DRIFTS spectra of
Ag/Al,O3; were recorded at various temperatures in a steady
state after exposing Ag/Al,O; to NO + O, + C,HsOH or to NO
+ O, + CH3;0CH;. The reaction conditions are the same as
those in the measurement of activity.

Fig. 2(a) shows the in situ DRIFTS spectra of the Ag/Al,O4
catalyst in a flow of NO + O, + C,HsOH. It can be seen that
several peaks appeared in the region of 1700-1300 cm .
Based on the previous study [12, 14], the bands at 1585 and
1304 cm ' are due to the adsorbed bidentate nitrate species
(NO;), and the peaks at 1579 and 1468 cm ' are associated
with the acetate species (CH;COQ"), while the peaks at 1633,
1416, and 1336 cm ' are assigned to the enolic species
(RCH=CH-0O"), which was predominantly formed due to the
partial oxidation of C,HsOH. Furthermore, a very strong peak
appeared at 2233 cm ', which is assigned to the -NCO spe-
cies. It has been widely accepted that -NCO species is the key
intermediate in the SCR of NO, over Ag/AL,O;, and its high
productivity results in the high efficiency of NO, reduction
[9-12, 14]. As can be seen from Fig. 2(a), the intensities of
nitrate species and enolic species decreased gradually with the
increase in reaction temperature, while the intensity of -NCO
species increased gradually with the reaction temperature. At
673 K, the intensity of -NCO species reached the maximum,
indicating that the system underwent a quick and efficient
reaction, which is in good agreement with the results of the
activity study.

Fig. 2(b) represents the in situ DRIFTS spectra of the
Ag/AlL)O5 catalyst in a flow of NO + O, + CH;0CH; in a
steady state at various temperatures. Unlike the C,H;OH-
containing system, when the Ag/Al,O; catalyst was exposed
to a NO + O, + CH;0CH; mixture under the same experi-
mental conditions, the peak due to the enolic species (around
1633 cm'') was not observed, whereas very strong peaks ap-
peared at 1591 and 1379 cm', which are assigned to
Vis(OCO) and v(OCO) of formate species, respectively. In
addition, the peaks at 1585 and 1304 cm ' are attributed to the
bidentate nitrate species, and the peak at 1562 cm ' corre-
sponds to the monodentate nitrate species, while the peaks at
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