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Abstract: The oxidation reaction mechanism of NO by O, over Na-ZSM-5 molecular sieves with a high SiO,/Al,Os ratio was studied at
ambient temperature by temperature-programmed surface reaction (TPSR) and in situ diffuse reflectance infrared Fourier transform spec-
troscopy (DRIFTS). The results show that the NO catalytic oxidation process is accompanied by a significant adsorption of NO, and it ex-
hibits a dynamic equilibrium between NO, adsorption and the reaction of NO. TPSR and in situ DRIFTS characterization of the adsorbed
NO; species revealed that adsorbed NO; formed on the surface of the Na-ZSM-5 molecular sieve as a result of the reaction between adsorbed
NO and gaseous O,. The oxidation of NO3; with NO produced weakly-adsorbing NO, and N,O, which were released once the adsorption
reached saturation. Therefore, the strongly-adsorbing NO3 was an intermediate of the NO oxidation reaction and its presence promoted NO
adsorption.
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Fig. 1. Transient NO oxidation profiles on Na-ZSM-5. Reaction
conditions: NO 0.05%, O, 20.7%, N, balance, 30 °C.
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Fig. 2. TPSR profiles after adsorption of 20.7%0,-79.3%N, on
Na-ZSM-5 catalyst.
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Fig. 3. TPSR profiles after adsorption of different gases on
Na-ZSM-5 catalyst. (a) 0.05%N0-99.95%N,; (b) 0.05%N0-20.7%0,-
79.25%N,; (c) 0.05%N0,-99.95%N,.
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Fig. 4. DRIFTS spectra of NO adsorbed on Na-ZSM-5 catalyst. (1) 2
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NLO4 WK K3k 55, 15t W] NO, H1 N,O, 11 Na-ZSM-5
T ETELLIG U I S AEAE. T34, 59 A NO 1§
(1260 cm™) 71 2%, M NO; #&zh I (1 310 cm™ ) 15 4%
££. 1608 A1 1470 cm™ 4b Hy BB 16 3 )8 T NOs (1) W
g 2101 22 1Y NO A1 NO, BB 81 R 1 25 47 7] g
NO 57 BRI 4 o 4

F| F DRIFTS #& 858 T AN AR T Na-ZSM-5
| NO F1 O, Y FEMR B, 25 5 W&l 6. v &) UL, 75 30
°C Rl A2 0.1 %NO F120.7 %0, IR A7, £ W bt
LN 5 FH N WA B 25 931 0 2 TH S 231, W] LOW
5] 3 300 (-OH), 1 741 (N,04), 1 680 (HNO,), 1 608,
1470,1 310 (NO;) LL & 947 cm ™' (NO) 45 21 41 i 5 1 ;
MR EETF A 90°C I, 1 741 A1 1 680 cm ™" &b 1) £1 41 I
T 2K, T H AR R I HR R AT 95995 42 150 °C I, 1 608 Fll
947 cm ™I JLTE K, LRI R 1470 F11 310 em™' Ak (1
2L AN, Ay S B A% NOs, 1T 3 300 em ™ Ak 1 06 ik 55
H A 3370 em™. 25 T+ A 300 °C 1, 3 370 I
1470 cm™ U W B 59, M0 1310 cm™ 4k H B A &
(1300 cm™") F- 1455, AT B JE NOs T4 7 filt A2 1B i
Y5, 2435 BN 400 °C 15, 1300 om " Ab g 29k 455 438 o
I L ) O, 04 (1 011 em™). 4% 4 NO-0O,-TPSR
W 1~400 °C 22 NO Fil O, 25 B, HE W 03l 55 F 7 i
A= HC I NO AT O, KI5 T NOs, 311 & W 28 NOs(s) —

0.8

3330
0.7

0.6
0.5
0.4

0.3

kubelka-Munk

0.2
0.1

0.0

Il

Il L L Il L L Il L L
3500 3000 2500 2000 1500 1000

Il Il

Wavenumber (cm™)

6 A REIREET Na-ZSM-5 4 Fif IR H NO 1 O, B9
DRIFTS i

Fig. 6. DRIFTS spectra of NO and O, co-adsorption over Na-ZSM-5
at different temperatures. (1) 30 °C; (2) 90 °C; (3) 150 °C; (4) 300 °C;
(5) 400 °C.



PUEIE S

www.chxb.cn

f ik Na-ZSM-5 43 7 3¢ T NO (1) % i W Bt -5 AL L BE 1237

NO(s) + 0.

R4 % & NO Ml O, LW B J5 () DRIFTS A
TPSR % 1] %1, NO 28 A4 A I NOy & NLO4 £ 57 1 1
R R A3 g DL SS IR Bf A& B ARESAEAE, & Ny IR R
A 58 B T 20N 3508 4 T A B SR IR B S TR N O, £E e il
3 fE R NO O, T B . BRI A 43 0 2L B NO
F1 O, 1¥) TPSR 1% H A5 A 2 NO,.
2.4 NOWRM-FILIIZHNIBE D

gE Bl g, HER R NO R Oy 16 43 197 35 T % W
J&i T 1 NO,, N,O4, NO; I NO 25 o a4 Fh . AL IxX 46
H (] ) 0 T s B W B 58 5, T BAHE I NO Fl O, 78
fE ik Na-ZSM-5 43 19 F 18 [ B ALER 40 NO 58
B 7E 43 0 i AL B IS NO 5 AT 1 0, )
I A B B 7 NOs, 2R J5 120 55 W B 2 NO A HI %%
1624 NO, FIT N, Oy, Wi B 2 1 7.

0,

N

EX 1 & Na-ZSM-5 5 F i £ NO &b R #1132
Scheme 1. Mechanism of NO oxidation over high silica Na-ZSM-5

molecular sieves.

FE SN TF UH B BE, NO IR B & H 5 O, 1) J B
b AR RE AR R IR B A& NOs, I 4k 42 5 W )
NO Jx A B 55 W B 2 ) NO, 1 NLOy, B I 6 NO,
BB NO H A BE AR AN K, A1 24 T B 1 0~15 min

I ) B Bl RS EAT, Na-ZSM-5 4 1fil NO,
TN O 1R B e 328 3 184 o, b3 s 2 52 38 403, s isf
NO th Fk B 2248 38 n, #H =4 3 1 o 15~60 min I
(B, A 5 B Bl NO, W B4 R T R T, Xk
— g T NO 5 NO; I Je b, NO t FHR FE SR T
B, Lok P A Ik R R] N R AT, AH B, e 5k B IR
B -2 B AP IEHLER AR RE T NO Fl O, 24k it 72
PR B AR AR 4K T 26, A &% NO-O,-TPSR 1 NO,-TPSR
HB A RN B NO, 43 75 2 11 W B & NOs 75 it
RO R TE L NO F O, 58 % .

3 #£ig

HA A A AL
, LB A 2 —OH Al Na ', 7EAiE AL 4R

W R EE Na-ZSM-5 4y 1 1
NO [Pk BE

L NO HIREFE A, KEB 9 NOL £E 43 F i & DL FE K
B 1 B A7 AE. NO Fl O, I8 [ N ALEE S : NO B 46
B £E 23 70 v PR B, A SE TR B ) NO 5540 0,
A B B R N O, F 4k 28 15 0% B (19 NO A 4% 4K Rl
NO, Fl1 NyOy, 24 HIE B4 A B 5 B Ok, it ik
B R BT -4 4K R Bl 2 i BRI BT ) NOs 7E NO AL
ik e F e TR A AR TR R AR E T NO
W B

2 % x &

1 Goo J H, Irfan M F, Kim S D, Hong C H. Chemosphere,
2007, 67: 718
Koebel M, Madia G, Elsener M. Catal Today, 2002, 73: 239
Thomas D, Vanderschuren J. Sep Purif Technol, 2000, 18: 37
de Paiva J L, Kachan G C. Chem Eng Process, 2004, 43: 941
ALOXEE, EEE, FETT, B RN T
f'%Ia(Yuan CH,LiuHY,LuHEF,LiYF, Chen Y F.
Chem Reac Eng Technol), 2008, 24: 476
6 MW, XEE, FREE, DY, BRI B LR
# (Yuan CH, LiuHY, Lu HF, Li Y F, Chen Y F. Chin J
Environ Eng), 2008, 2: 1207
7 Despres J, Koebel M, Krocher O, Elsener M, Wokaun A.
Microporous Mesoporous Mater, 2003, 58: 175

“V AW

8 Gomez-Garcia M A, Pitchon V, Kiennemann A. Environ
Int, 2005, 31: 445
9 Perdana I, Creaser D, Ohrman O, Hedlund J. 4pp! Catal B,

2007, 72: 82

10 Shi C, Cheng M J, Qu Z P, Bao X H. J Mol Catal 4, 2005,
235: 35

11 Guo Zh Ch, Xie Y Sh, Hong I, Kim J. Energy Convers
Manage, 2001, 42: 2005

12 05, XHEE, BOER, sREL, BRIt E SR
2%#(Li Y F, Liu HY, Huang H F, Zhang Z K, Chen Y F.
China Environ Sci), 2009, 295: 469

13 JWEE, E£HF, T3, S0HE. #EHR (Xing N, Wang
X P, Yu Q, Guo X W. Chin J Catal), 2007, 28: 205

14 Devadas M, Krocher O, Elsener M, Wokaun A, Soger N,
Pferfer M, Demel Y, Mussmann L. Appl Catal B, 2006, 67:
187

15 Kantcheva M, Vakkasoglu A S. J Catal, 2004, 223: 352

16 Perdana I, Creaser D, Ohrman O, Hedlund J. J Catal, 2005,
234: 219

17 Lobree L J, Hwang I C, Reimer J A, Bell A T. J Catal,
1999, 186: 242

18 Hadjiivanov K, Knozinger H, Tsyntsarski B, Dimitrov L.
Catal Lett, 1999, 62: 35

19 Milushev A, Hadjiivanov K. Phys Chem Chem Phys, 2001,
3. 5337

20 Brosius R, Bazin P, Thibault-Starzyk F, Martens J A. J
Catal, 2005, 234: 191

21 Szanyia J, Kwaka J H, Burtonb S, Rodriguez J A, Peden C



1238

it

¥R Chin. J. Catal., 2010, 31: 1233-1241

H F. J Electron Spectrosc Relat Phenom, 2006, 150: 164

22 AU, AR, T, MR, BRiR, BOKRDR. fEL
#(Ke R, Li J H, Hao J M, Fi L X, Chen Q, Zhao D Q.
Chin J Catal), 2005, 26: 951

23 Hadjiivanov K, Klissurski D , Ramis G, Busca G. 4pp!
Catal B, 1996, 7: 251

®FEX
English Text

The abatement of nitric oxides (NO,) is an important
challenge because NO, compounds are a source of severe
eco-environmental problems and are harmful to human
health. Selective catalytic reduction (SCR), absorption, and
adsorption are widely applied in the NO, emission control
area. To increase the removal efficiency of NO,, it is benefi-
cial to maintain a high ratio of NO,/NO, in the feed. Goo et
al. [1] concluded that the presence of NO, enhances the SCR
activity at lower temperature and the optimum ratio of
NO,/NO, was found to be 0.5 for the V,05-WO;-MnO,/TiO,
catalyst in the NH;-SCR process. Koebel et al. [2] obtained
similar results, that is, equimolar amounts of NO and NO, led
to the highest NO, conversion over the V,0s-WO;/TiO,
catalyst. For absorption by alkaline aqueous solutions, a high
NO,/NO, ratio is required to obtain high NO, removal effi-
ciency. Generally, a 0.5-0.6 fraction of NO, in NO, is re-
quired during the NaOH solution absorption process since
NO, compounds are removed primarily by the formation of
N,0; from the reaction of NO with NO, [3-5]. Furthermore,
the required fraction would be much higher if a
(NH,),SO3-NaOH solution was used for absorption because
the reduction of (NH,),SO; with NO, is much stronger than
that with NO [6]. Because NO has difficultly adsorbing onto
the surface of adsorbents, NO has to be oxidized to NO, first
and then a high adsorption volume can be obtained [7]. Un-
fortunately, the NO, in power station or industrial plant ex-
haust gases typically consist of more than 90% NO [8],
which means that the fractional oxidation of NO to NO, is a
key step in all NO, abatement processes.

Many studies have been done on ZSM-5 molecular sieves
and ion-exchanged ZSM-5, which is used for NO, adsorption
and reduction [9,10]. Only a few of these studies have fo-
cused on NO oxidation, especially at ambient temperature.
Instead, activated carbon (AC) and active carbon fiber (ACF)
have widely been reported to be used as catalysts for NO
oxidation. AC and ACF, however, have a high adsorption
volume for vapor, which is preferred over NO, absorption
and this leads to low catalytic activity for NO oxidation and
limits their application in industry [11]. Accordingly, a
highly hydrophobic surface can be obtained on molecular
sieves with a high Si/Al ratio and our early research empha-

sized the high silica content ZSM-5 molecular sieve for NO
oxidation. The results confirmed that far higher catalytic
activity can be obtained for ZSM-5 than for AC or ACF
under high vapor conditions [12], which means that the
ZSM-5 catalyst has potential industrial application. Based on
these results, for this paper we focused on the reaction
pathway between NO and O,, and also on the species ad-
sorbed on the surface of the high silica content Na-ZSM-5.
Furthermore, we discuss the reaction mechanism. We hope
that this work provides a theoretical direction for the im-
provement of catalytic activity and for the study of the reac-
tion kinetics of ZSM-5.

1 Experimental
1.1 Catalyst treatment and the adsorption-reaction test

Na-ZSM-5 (Si0,/Al,0; molar ratio of 300) was provided
by Shanghai Zhuoyue Chemicals Co., Ltd. The methods used
for catalyst treatment and the reaction test have been reported
in Ref. [12]. The main operation conditions in the adsorp-
tion-reaction tests were as follows: catalyst loading 3.7 g;
molar fraction of NO and O, of 0.05% and 20.7%, respec-
tively, in the inlet NO, mixed gas with N, as the balance; total
flow rate 2 L/min; reaction temperature 30 °C. The concen-
trations of NO and NO, in the gas stream were measured
using a Testo 350-XL flue gas analyzer.

1.2 Catalyst characterization

Temperature-programmed surface reaction (TPSR): the
Na-ZSM-5 molecular sieves were flushed by a N, gas stream
at 500 °C for 2 h and then cooled down to a specific tem-
perature that varied from 30 °C to 400 °C. This was followed
by the adsorption of a mixed gas with different components
including 20.7%0,-79.3%N,, 0.05%N0-99.95%N,, 0.05%
NO-20.7%0,-79.25%N,, 0.05%N0,-99.95%N, etc. The
outlet concentrations of NO and NO, were measured using a
Testo 350-XL flue gas analyzer. After saturated adsorption
was obtained, the surface of the catalyst was flushed with a
N, gas stream again to remove the weakly adsorbed surface
species. Finally, temperature programmed desorption was
done at a heating rate of 10 °C/min from 30 °C to 600 °C and
the desorbed species were detected using the Omini-Star
mass spectrometer.

The reaction of NO and O, on the surface of Na-ZSM-5
was further investigated using a VENTEX 70 infrared spec-
trometer equipped with a MCT detector at a resolution of 4
em™' (128 scans). The Na-ZSM-5 powders were first placed
in a diffuse in situ cell, flushed with a N, gas stream at 400 °C
for 2 h and then cooled to the specific reaction temperature.
The diffuse IR spectra of the Na-ZSM-5 catalyst were first
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measured at different temperatures as the corresponding
reference, and then a mixed gas with different components
was introduced into the in situ cell for adsorption and reac-
tion. The diffuse reflectance infrared Fourier transform
spectroscopy (DRIFTS) spectra were recorded at regular
time intervals.

2 Results and discussion

2.1 Transient profiles of the NO catalytic oxidation on
the Na-ZSM-5 molecular sieves

The trend of outlet NO and NO, concentrations with time
is shown in Fig. 1. As soon as the NO, mixed gas passed
through the reactor, NO was detected in the outlet but the
concentration of NO was less than that in the inlet and the
NO, concentration was too low to be detected in the first
period, which means that adsorption takes place on the sur-
face of ZSM-5. With time, the outlet NO concentration in-
creased slowly until it reached 60 min on stream upon which
it decreased sharply. At the same time, the outlet concentra-
tion of NO, began to increase sharply. Finally, the adsorp-
tion-reaction process reached a steady state at around 65 min
when the outlet concentration of NO, was equal to that of the
inlet. On the contrary, for the blank experiment where the
reactor was used without ZSM-5 catalyst packing under the
same operating conditions, a steady state was reached within
5 min and the outlet NO concentration was 0.0497% (equal
to that of inlet). Therefore, the oxidation of NO can be ne-
glected in the blank reactor. These experiments prove that the
Na-ZSM-5 molecular sieve shows a catalytic effect toward
NO oxidation by O, at ambient temperature.

2.2 TPSR measurements of NO oxidation over
Na-ZSM-5

Figure 2 shows TPSR profiles of the O, and N, adsorbed
on Na-ZSM-5. No oxygen was detected during the TPSR and
this is possibly because of O, not adsorbing on Na-ZSM-5.
Figure 3 shows TPSR profiles for the saturated adsorption of
NO, on Na-ZSM-5. A desorption peak is present at 315 °C in
the TPSR profile of individually adsorbed NO on Na-ZSM-5
(Fig. 3(a)), which means that there exists NO adsorption
strongly. Figure 3(b) shows the TPSR profile of NO/O,
co-adsorption. Similar to the phenomena in Ref. [6], the
amount of NO released during TPSR increased remarkably
compared to that of single NO adsorption. The intensity of
the peak at 315 °C increased and more NO desorption peaks
appeared at 125, 379, and 438 °C. The latter two peaks
overlap because of the wider temperature range. The pres-
ence of O, in the mixed NO, gas promotes NO adsorption on
Na-ZSM-5. Xing et al. [13] postulated that NO, from the

reaction of NO with O, could co-adsorb with NO on the
surface of Na-ZSM-5 and form a HNO, specie, which would
desorb from the surface of Na-ZSM-5 by the form of NO
and NO, during the followed TPD program. In our study,
NO, was not detected during the TPSR measurement of
NO/O, co-adsorption and NO, single adsorption (Fig. 3(c))
so we conclude that NO, exists on the surface of Na-ZSM-5
through the physical adsorption. The possibility of NO,
decomposition during TPSR should, however, not be ig-
nored. Nevertheless, the desorption peaks at 125 and ~315 °C
are present in Fig. 3(b) and in Fig. 3(c), which means that
these desorbed species originate from the products of NO,
decomposition. From Fig. 3(b) and 3(c), both the NO and O,
desorption peaks exist simultaneously at 400 °C and they
might originate from the same adsorbed species, i.e., the
intermediate from the reaction of NO to NO, conversion on
the surface of Na-ZSM-5.

From the TPSR measurements, the oxidation process of
NO by O, on the surface of Na-ZSM-5 followed the Eley-
Rideal reaction mechanism, that is, the adsorbed NO reacts
with gaseous O, and forms NO..

In addition, the desorbed N,O species at 315 and 379 °C
probably originate from the decomposition of NO at high
temperature. Also, the release of N, accompanied by N,O
comes from the further decomposition of N,O [14] because
N, does not adsorb on Na-ZSM-5 according to Fig. 2.

2.3 Insitu DRIFTS characterization of NO oxidation on
Na-ZSM-5

Figure 4 shows the in situ DRIFTS spectra of the adsorp-
tion process for 0.1% NO on Na-ZSM-5. With an increase in
the adsorption time, the strength of all the adsorption peaks
increased. The strongest peak changed from 3 250 to 3 300
cm™' and the intensity increased continuously, which indi-
cates that the —OH group on the surface of Na-ZSM-5 might
be an adsorption site for NO since the peaks at 3 000-3 700
cm ' are usually assigned to species adsorbed on —OH sites
[15]. The peaks at 3 300 and 2 900 cm™' are assigned to the
IR vibration of adsorbed NO on the bridge-linked —OH group
of Na-ZSM-5. The peak at 2010 cm™' is assigned to the
vibration of adsorbed NO [16]. The adsorption peaks at
1450, 1850, and 1900 cm™ are associated with the IR
vibration of adsorbed NO on the Na" site of the Na-ZSM-5
molecular sieve [16—18]. When Na-ZSM-5 is flushed for 10
min using a N, stream after the saturated adsorption of NO,
we found that only the peaks at 1900 and 1850 cm™
weakened and even disappeared, as shown in Fig. 4(6),
which indicates that two types of the adsorption sites exist
simultaneously on the surface of Na-ZSM-5, i.e., one is a
strong adsorption site and the other a weak one. The —OH
group would be associated with the stronger one.
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Figure 5(a) shows the DRIFTS spectra for saturated
NO/O, co-adsorption on Na-ZSM-5. From the spectra, we
found that the peaks at 2 010, 1 900, 1 850, 1 450, and 1 330
cm”' in Fig. 4 disappeared, which suggests that all the ad-
sorbed NO on these sites took part in the oxidation reaction.
At the same time, new peaks appeared between 1 200—1 741
cm' including the strongest peak at 1600 cm™', which is
assigned to gaseous or weakly adsorbed NO, [19], the ad-
sorption vibration of NO, at 1200 and 1 630 cm™ [14,19],
HNO, at 1680 cm™' [15,20], the vibration of NO [21] and
NO; [22] at 1260 and 1310 cm™', respectively as well as
N,O, at 1741 cm™ [23]. From this data, N,O, and NO;
adsorbed species are obviously formed during the oxidation
reaction of NO to NO,.

After saturation of the NO/O, adsorption, Na-ZSM-5 was
flushed with N, gas, and IR spectra were recorded at different
times. Compared to the spectra in Fig. 5(a), all the NO, peaks
at 1200, 1600, and 1630 cm™ disappeared and the N,O,
peak at 1 741 cm™" weakened, as shown in Fig. 5(b), which
means that the adsorption of NO, and N,O, on the surface of
Na-ZSM-5 is because of a weak physical adsorption. Al-
though the weakly adsorbed NO peak at 1260 cm™ also
disappears, the NO; vibration peak at 1 310 cm ™" still exists.
Nevertheless, after flushing with a N, stream, the new IR
peaks at 1 608 and 1470 cm™" are assigned to the adsorbed
NO; species [15,16]. This might originate from vacant sites
that result from NO and NO, desorption. Therefore, the NO;
species might
Na-ZSM-5.

The effects of temperature on the co-adsorption of NO/O,
on Na-ZSM-5 were further investigated using in situ
DRIFTS. First, the mixed gas containing 0.1% NO and
20.7% O, was introduced into the diffuse in situ cell. When
saturated adsorption was reached, Na-ZSM-5 was flushed

originate from strong adsorption on

using a N, gas stream and gradually heated. The IR spectra
are shown in Fig. 6. When the temperature was kept at 30 °C,
peaks were present at 3 300 (NO), 1741 (N,0,), 1680,
1470, 1310 (NO;), and 947 cm™' (NO). When the tem-
perature was increased to 150 °C, the peaks at 1 741 and
1 680 (90 °C), 1 608 and 947 cm™" (150 °C) disappeared in
this sequence and only the peaks at 1 470 and 1 310 cm™" that
are assigned to the strongly adsorbed NO; species are left.
The peak at 3300 cm™' decreased in intensity and
blue-shifted to 3370 cm™'. When the temperature was in-
creased to 300 °C, the peaks at 3 370 and 1 470 cm ! weak-
ened significantly. Conversely, the peak at 1310 cm™' ac-
companied by the shoulder peak at 1 300 cm™ strengthened,
which means that a new specie was formed from the reaction
of NO;. When the temperature increased to 400 °C, the peak
at 1 300 cm™' continued to strengthen and an intensive peak
was present at 1 101 cm™ and is assigned to O,. Based on
these results, it is inferred that the newly formed NO and O,

originated from the decomposition of the adsorbed NO;
intermediate according to the following equation: NOs(s) —
NO(s) + O,.

Furthermore, according to TPSR and DRIFTS charac-
terization of the NO/O, co-adsorption, most of the NO, and
N,0, formed by the oxidation of NO were weakly physically
adsorbed on the Na-ZSM-5 molecular sieve or existed in the
gas phase and, therefore, were easily desorbed or flushed out
by N,. The others were converted into strongly adsorbed NO;
species, which decomposed further into NO and O, and then
desorbed from the surface of Na-ZSM-5 at high temperature.
Therefore, NO, was hardly detected in the TPSR spectra for
NO/O, co-adsorption.

2.4 Analysis of the adsorption-oxidation reaction
mechanism of NO by O,

From the study of DRIFTS and TPSR, some intermediates
such as NO,, N,O,, and NO; obviously formed during the
surface reaction of NO with O, on Na-ZSM-5 at ambient
temperature. Based on these results, the adsorption and re-
action pathway of NO with O, on the surface of Na-ZSM-5
was further analyzed. First, gaseous NO is adsorbed on the
surface of Na-ZSM-5 chemically and then the adsorbed NO
species reacts with gaseous O, to form chemically adsorbed
NO;, which reacts with adsorbed NO and transforms into
NO, and N,0,. A detailed adsorption reaction mechanism of
NO with O, is shown in Scheme 1.

At the beginning of the NO oxidation reaction, the main
behavior is NO adsorption and then reaction with gaseous
O,. The adsorbed NO; from the NO oxidation continues to
react with adsorbed NO to give NO, and N,0O4, which
physically adsorb onto Na-ZSM-5 with a high adsorption
volume and NO, is not released during this period. This stage
corresponds to 0—15 min as shown in Fig. 1. NO oxidation in
the first stage is constrained as the reaction progresses and
the concentration of NO in the outlet increases slowly be-
cause the amount of NO, adsorption, especially NO, ad-
sorption, on Na-ZSM-5 kept increasing. This period is the
second stage and corresponds to 15-60 min, as shown in Fig.
1. When NO, reaches the saturated adsorption stage and is
released, the vacant adsorption sites increase and the reaction
of NO; with NO increases leading to a sharp decrease in the
outlet NO concentration. Finally, the whole process reaches a
dynamic equilibrium state between NO, desorption and the
reaction of NO. This adsorption-reaction mechanism ex-
plains the transient profiles in the oxidation reaction pathway
of NO with O, over Na-ZSM-5, as shown in Fig. 1. It also
explains why NO, was not be detected in the outlet for
NO-O,-TPSR and NO,-TPSR and the process for NO; ad-
sorption on the surface of Na-ZSM-5 as well as the decom-
position into NO and O, at high temperature.
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3 Conclusions

High silica content Na-ZSM-5 molecular sieves exhibit
high catalytic activity at ambient temperature because of the
active adsorption sites consisting of —OH groups and Na"
ions. During the catalytic oxidation of NO by O,, Na-ZSM-5
weakly adsorbs NO,, which mainly physically adsorbs on the
surface. The oxidation reaction mechanism of NO with O,
can be explained as follows: (1) chemical adsorption of NO
onto the surface of Na-ZSM-5 and the formation of chemi-

cally adsorbed NO; by the reaction of adsorbed NO and
gaseous O,; (2) The formation and sequential physical ad-
sorption of NO, and N,O, by the reactions of NO and NOs;
(3) the release of NO, and N,0, after saturated adsorption
and a subsequent reaction-adsorption dynamic equilibrium.
The strong adsorption of NOj; acts as an intermediate for NO
oxidation by O, and NO adsorption is also improved.

Full-text paper available online at ScienceDirect
http://www.sciencedirect.com/science/journal/18722067



