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2. Experimental

2.1. Catalyst preparation

2.2. Catalyst characterization
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2.3. Activity measurements

3. Results and discussion

3.1. Characterization of H(Fe)/zeolites

3.2. UV visible diffuse reflectance spectra of Fe/zeolites
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3.3. IR spectra of NO adsorption on Fe/zeolites samples

3.4. Visible Raman spectra of Fe/zeolites samples

Table 1
I I

I

w I w I w I w

x y x

1900 1800 1700 1600 1500

 

A
bs

or
ba

nc
e

16
26

16
10

15
80

0.2

(a)

(4)

(3)
(2)
(1)

(4)

(3)

(2)
A

bs
or

ba
nc

e

Wavenumber (cm 1)

16
26

15
80

18
74

18
92

0.25
(b)

(1)

Fig. 3.



WANG Junying et al. / Chinese Journal of Catalysis 34 (2013) 876–888

3.5. Concentrations of active Fe sites in Fe/zeolites samples

300 400 500 600 700 800 900 1000 1100 1200

(4)

(3)

(2)

In
te

ns
ity

1/4

1/4

61
3

70
0

80
0

83
052

6

38
0

29
5

32
5

425

41
0 47

0

40
2

46
5

32
0

(a)

(1)

In
te

ns
ity

 

Raman shift (cm 1)

61
3

70
0 73

0
80

0
83

0
86

752
6

42
5

29
5

38
0

32
0

41
0 47

0
40

2
46

5

1/4

1/4

32
5

(b)

(4)

(3)

(2)

(1)

Fig. 4.

0 100 200 300 400 500
0

1

2

3

4

5

0 4 8 12

0

4

8

12

C
on

ce
nt

ra
tio

n 
of

 g
as

es
 (%

)

Time (s)

N2O

N2

O2

(a)

In
te

gr
at

ed
 1

87
4 

cm
1  b

an
d 

in
te

ns
ity

 (a
.u

.) 

Concentration of Fe2+ sites (1019/g)

Fe/mordenite-HT

Fe/ZSM-5-HT
Fe/beta-HT

Fe/ZSM-35-HT(b)

Fig. 5.



WANG Junying et al. / Chinese Journal of Catalysis 34 (2013) 876–888

3.6. Catalytic activities of Fe/zeolites in N2O decomposition
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4. Conclusions
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: Fe/Al 0.33 Fe/ (ZSM-35, ZSM-5, beta mordenite ( )) , 
- N2O .  

, (HT)  Fe/ZSM-35 > Fe/beta > Fe/ZSM-5 > Fe/mordenite, 
.  Fe/ N2O , .  

Fe/ZSM-35 Fe(II) N2O
.  Fe/beta Fe/ZSM-5 Fe(II) N2O

.  Fe/mordenite-HT Fe , N2O .  
: ; ; ;  

: 2012-12-26. : 2013-02-24. : 2013-05-20. 
* . : (0411)84379070; : (0411)84694447; : canli@dicp.ac.cn 

: (21173213); (973 , 2009CB623507). 
Elsevier ScienceDirect (http://www.sciencedirect.com/science/journal/18722067).  

 
1.   

N2O , 
N2O N2 O2 [1,2].  Panov

 [3~6] , Fe/ZSM-5 N2O
.  , 

Fe/ZSM-5 ;  

Fe/ZSM-5 N2O
 [3~6].  

N2O  [7~13] .   

Øygarden  [7] 1 10 6

BEA, FER MFI N2O
, BEA

.  , 
BEA , 

.  Kaucký
 [8] , Fe/ferrierite Fe-Fe
, N2O

Fe/beta .  Jíša [9,10]

, Fe/ferrierite
, 
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Fe(II) , Fe/ferrierite N2O
Fe/ZSM-5 Fe/beta

.  Pantu  [11] , Fe/FER, Fe/BEA, Fe/ZSM-5
Fe/FAU , Fe/FER

N2O , N2O
.  Pérez-Ramírez  [12] Fe/MFI

Fe/BEA N2O , 
, 
.  Melián-Cabrera [13]

Fe/FER N2O
Fe/MFI Fe/BEA .  

FER .  
, N2O

. 
, Fe/zeolites , 

Fe-O-Al

N2O  [14].  
Fe/zeolites

.  Wichterlová
 [15~19] Co(II) , (FT-IR)

- (UV-Vis) , 
pentasil (FER, MFI, BEA MOR) , Co(II)

: , .  Attfield  [20] 
Dalconi  [21] X (XRD)

XRD Cu-mordenite Ni-ferrierite
Cu(II) Ni(II) .  , Cu(II)

mordenite , Ni(II)
ferrierite .  , 

pentasil .   
,  [22,23] , 

Fe/ZSM-5 Fe/ZSM-35 N2O
, N2O .  

Fe/zeolites 
(FER, MFI, BEA MOR) N2O

.   

2.   

2.1.   
Fe ZSM-35, 

beta, ZSM-5 mordenite ( ) , Fe/Al
0.33.  .  2 g 

NH4
+/zeolite 823 K O2 2 h, 
, , .  , H/zeolite

FeCl3 (Sigma-Aldrich, AR) .  
, , 

.  He , 598 K, 
2 h.  498 K , 0.5% H2O/He
Fe–Cl .  , 823 K  O2 2 h, 

Fe/zeolite-C , C 823 K O2 (
).  Fe/zeolite-C 1173 K He

2 h, Fe/zeolite-HT , HT 1173 K  He
( ).  

NH4
+/ZSM-35 (SiO2/Al2O3 = 21, ), NH4

+/ZSM-5 
(SiO2/Al2O3 = 25), NH4

+/beta (SiO2/Al2O3 = 26) NH4
+/ 

mordenite (SiO2/Al2O3 = 23, ). 
2.2.   

ICP-AES ( -
) .  XRD Rigaku D/MAX 2500 X

(40 kV, 200 mV, Cu K , 0.02o

, 5o/min) .   
UV-Vis JASCO V-550 -

( BaSO4 ).  Fe/zeolite-C
- , 

Fe/zeolite-C
[12].  , 

. 
FT-IR Nicolet Impact 470

.  MCT-B , 4 
cm 1, 32 , 4000~650 cm 1.  

.  Fe/zeolite ( 10 
mg/cm2), CaF2 .  
Fe/zeolite-C 623 K O2 1 h, Fe/zeolite-HT

623 K He 1 h.  
, .  

, 1.0% NO/He , NO
He 10 min, 60 

ml/min.  FT-IR
(1500~2000 cm 1) . 

- .  532 
nm .  , 

.  1173 K He 1 h.  
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523 K, 
5.0% N2O/He .  , 

. 
.  

Fe/zeolite-HT 1173 K He 1 h, 
.  5.0% 

N2O/He .  
N2 . 
2.3.   

N2O 4 mm U
, 50 mg.  5.0% N2O, He , 

GHSV 24000 h 1.  (Gam 
200, Pfeiffer Vaccum) .   

3.   

3.1.  H(Fe)/zeolite XRD  
1(a) H/mordenite, H/beta, H/ZSM-35 H/ZSM-5

XRD .  , H/zeolite
, Fe , Fe/zeolite-C

Fe/zeolite-HT
, 

( 1(b) (c)), 
, Fe . 

3.2.  Fe/zeolite -  
UV-Vis Fe/zeolite

.  2(a) Fe/zeolite-C -
.  , Fe/mordenite-C 240, 275

360 nm , 540 nm ; 
Fe/beta-C Fe/ZSM-5-C 240 360 nm

, 540 nm .  Fe/ZSM-35-C
, 240, 275, 360 540 nm

Fe/zeolite-C .  2(b) Fe/zeolite-HT
- .  , 

275 nm , 240, 360 540 
nm .  
Fe/zeolite . 

, 200~300 nm
[24~27], 300~450 nm

, 450 nm
 [28].  , 

240 275 nm
O Fe(III)

; 360 540 nm
.  , 

, 
.  -

1.  
, Fe/zeolite-C

, Fe/ZSM-35-C > 
Fe/ZSM-5-C > Fe/beta-C > Fe/mordenite-C.  

Fe
. 

3.3.  Fe/zeolite FT-IR  
3(a) (b) 1.0% NO

Fe/zeolite-C/HT , He
FT-IR .  , Fe/zeolite-C 1626, 1610

1580 cm 1 , 1173 K He , 
1626 1580 cm 1 , 1874 cm 1

.  Fe/ZSM-5-HT
1892 cm 1 .  1580, 1610 1626 cm 1

NO3 / NO2
[29~31].  

NO O2

, N2O4, NO2, NO3 NO2 .  
1874 1892 cm 1

Fe O Al  [22] NO
 [32].  NO Fe(II)

Fe(III)  [33].  , ,

Fe-O-Al , 
N2O [22].   

3.4.  Fe/zeolite  
[23,34] , 

, 
Fe/ZSM-5 Fe2( -1,2-O2)

Fe/ZSM-35 Fe2( -O)2 .  

, 
104~106  [35,36].  

, 
.  4(a)

Fe/zeolite-HT .  , 
Fe/mordenite-HT 402, 465, 800 830 cm 1

, mordenite  [37~39]; 
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Fe/beta-HT 320, 410, 470, 613, 700 830 cm 1

, 320, 410 470 cm 1

[40]; 830 cm 1

Si O  [41]; 613
700 cm 1

Fe O  [42] beta
SiO2 Si O [43,44].  ZSM-35

325, 425, 800 830 cm 1 [43,45~48]; 
Fe/ZSM-5-HT 295, 380, 460 800 cm 1

MFI , 526 cm 1

, FeOx Fe O Fe
 [22,49].   

Fe/zeolite-HT 523 K 5.0% N2O/He
, Fe/ZSM-5-HT Fe/beta-HT 867 

cm 1 , Fe/ZSM-35-HT 730 cm 1

( 4(b)), 
(O O) [34] Fe2( -O)2

(O Fe O)  [23].  Fe/mordenite-HT
.   

3.5.   
Fe/zeolite-C/HT

.  5 Fe/ZSM-5-HT 1173 K He
1 h , 5.0% N2O/He -

.  , N2 N2O, 
N2O 523 K Fe/zeolite

.  Fe/zeolite-C
N2 , 

 [22].  N2

Fe/zeolite , 2.  
, Fe/zeolite-HT
Fe/ZSM-35-HT > Fe/beta-HT > Fe/ZSM-5-HT > 

Fe/mordenite-HT.  FT-IR , 1874 cm 1

( 5(b)).  FT-IR , 
, Fe/ZSM-35-HT, Fe/ZSM-5-HT

Fe/beta-HT ,
N2O .  , 
Fe/mordenite-HT N2 , 
Fe/mordenite-HT . 
3.6.  Fe/zeolite  

6(a) Fe/zeolite-C/HT N2O N2O
.  , Fe/ZSM-35-C, 

Fe/ZSM-5-C Fe/beta-C , N2O 700 K
, 773 K .  Fe/mordenite-C

N2O 743 K , 853 K .  N2O
773 K Fe/ZSM-35-C > 
Fe/ZSM-5-C > Fe/beta-C > Fe/mordenite-C ( 2), 
N2O Fe/zeolite

( 7(a)).  
Fe/zeolite-C , 

N2O .   
Fe/zeolite

, 6(b).  N2O 50%
Fe/zeolite-C , Fe/ZSM-35, Fe/beta, Fe/ZSM-5

Fe/mordenite 80, 50, 40 30K.  
Fe/zeolite-HT 713 K N2O : 
Fe/ZSM-35-HT > Fe/beta-HT > Fe/ZSM-5-HT > Fe/mor- 
denite-HT, N2O

( 7(b)).  
Fe/ZSM-35-HT, Fe/ZSM-5-HT Fe/beta-HT

N2O .  Fe/mordenite-HT
, 

N2O . 
Fe/zeolite-HT N2O

, 
.  , 

, 
 [9].  8 FER, MFI, BEA MOR , 

.  
, MOR, FER ZSM-5

BEA C ; MOR
FER MFI

Z BEA
A B

; FER, MFI MOR BEA
A B .   

D de ek [50,51] , Co/zeolites
, Co(II) , 

Co(II) .  
Fe/zeolite Fe(II), 

Fe(III), 
.  , , O2 N2O
 [25], 

.  , Fe/zeolite
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.  
Fe(II) .  

.  
ZSM-35
0.54 nm 0.61 nm [50].  ZSM-5
0.75 nm, , 

N2O .  
0.45 nm Z , 

N2O [10].  Beta
C Fe(II) .  

Beta 0.75 nm, 
A B , 

N2O , 
A B Fe(II)  [8].   

, ZSM-35
Fe(II)

Fe(II) ; 
beta A B

Fe(II) ; ZSM-5
Z

Fe(II) . 

[10,52].  

, 
 [10,52].  D de ek [15~19]

Co(II) , -
.   

ZSM-35 , Co(II)
Co/Al = 0.31, Al 62%

[10].  Si/Al = 10.5
ZSM-35 , 7.9 × 10 4 
mol/g Al .  Fe/Al = 0.33 , 
4.9 × 10 4 mol/g Al

(7.9 × 10 4 × 0.62).  Fe/ZSM-35 , 
5% 85% Fe(II)

 [18], 

.  , 2.5 × 10 4 
mol/g .  Si/Al = 13
beta , Co/Al 0.45 ( 90%
Al ), 55% Co(II)

 [17].  Fe/Al = 0.33 , 3.2 × 
10 4 mol/g Al , 

Fe(II) 1.6 × 
10 4 mol/g.  ZSM-5 Co/Al 0.4, 80%

Al , 50%
Al  [53].  , 40% Al

.  Si/Al = 12.5 ZSM-5 , 
6.7 × 10 4 mol/g Al ; Fe/Al = 

0.33 , 2.7 × 10 4 mol/g Al
, 

Fe(II) 1.3 × 10 4 mol/g.  
, Fe/ZSM-35-HT, Fe/beta-HT Fe/ZSM-5-HT

Fe/ZSM-35-HT > 
Fe/beta-HT > Fe/ZSM-5-HT, N2O

. 

4.   

-
Fe/zeolite

N2O .  , 
Fe/zeolite-HT N2O
Fe/ZSM-35-HT > Fe/beta-HT > Fe/ZSM-5-HT > Fe/mor- 
denite-HT, 

.  Fe/ZSM-35-HT, Fe/beta-HT Fe/ 
ZSM-5-HT N2O

.  Fe/mordenite-HT Fe
, N2O .  

.  , Fe/ZSM-35
Fe(II)

N2O .  Fe/beta
Fe/ZSM-5

Fe(II) N2O
.   

 


