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Abstract − The mechanism and activity of SnO2 for the selective catalytic reduction of NOx at the atmosphere of hydrocar-
bons and an excess of oxygen has been studied. Temperature-programmed desorption showed that only NO was desorbed from

the surface of reduced-SnO2 at 150oC and NO2 was desorbed from the surface of oxidized-SnO2 at 200, 300, and 390oC,

respectively. For the selective catalytic reduction of NOx by hydrocarbons(ethylene, propylene, and propane), however, the for-

mation of NO2 was depressed in the NOx reduction temperature region. The relative intensities of NOx reduction appeared to be

the order of “ethylene>propyleneZpropane” under the same experimental conditions. NOx reduction activities had a tendency

to decrease with increasing oxygen concentrations in the reaction gas compositions irrespective of hydrocarbon species our

experimental conditions. It was observed that the NOx reduction starts with the hydrocarbon combustion. From the results, it

was proposed that NOx was reduced by activated intermediate of hydrocarbons and NO2 formed on SnO2.
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1. � �

Iwamoto �[1]� Held �[2]� ���� �	
�� Cu-ZSM-5


���� �� ����� NO� ��� ��� ��  !" #$%&

'&( )*, +, �	 -.� ��� ����/ )0�$ NO� �

�� ��� 1( �	
 )234%. - 5� Co-, Ga- 6 H- �)

7�8 ZSM-5[3-5], Fe-silicate[6],92:;[7], Cu-<= SiO2-Al2O3[8]

6 sulfate-promoted TiO2, ZrO2 6 Fe2O3[9] �� >?
 NO ��

 !" ;@A" '&�B%.

SnO2$ n-C DEF !G" ;@H$ IJK�L
, MN� OP �

F
 QRS�$ �T�� U�VW) X�$ !G" )0�� Y�

Z[
  0�� �( �	
 \
 )23] ^_;[10-14], NO QS

� �`�$ - a0!� b�� -%c +, �	
 d3ec f%.

Niwa�[15], SnO2� QS8 NO/ �g� �hi(infrared spec-

troscopy; IR)� U� j�� �k �hi(electron spin resonance spectro

scopy; ESR)_
 l�( 5� nitride �mP� nitrosyl �mP) ��

<" l��B_n, Yamazoe�[16], opRS(temperature-programmed

desorption; TPD) qr�� s, 5�[17]/ tu_
 SnO2 MN� v

Pw� NO QS�x
 e%& l�( t e%.

Teraoka �[18], SnO2
 ����/ ��y
 �$ ��� >?
572



SnO2� �� �� �� 573

r,
��(selective catalytic reduction; SCR) Dz� �( NOx �� >?


  0{ � e$ 
|!" '�\}%. -~; -�� �	$ SnO2

/ NOx �� >?
  0{ 
|!�" y��B" � '% �) e

$ �	 5�/ y��c$ ��B%.

� �	��$ '% 	F�� �	/ ��� ����/ )0�$

NO� ��� �� Dz� �( >?
 SnO2/  0{ � e$ 
|

!" l��&� �B%.

2. � �

2-1. �� ��

GK 0�(GK 1��:�w� 1��) 100 ml� IJ Sn 5 g" �

3 0`��%. Sn) �� 0`8 * ��� �����/ 
�� 0�

� pH/ 7
 ���� =U" �!��%. �!8 =U" �����(

*, �� ��� 700oC
 4 �� ��x�� SnO2 ��" y��B%.

�! SnO2 ��� 98 MPa� ��" 
��  ¡" �¢ * �£��

¤�� s, 40/60 mesh� �¥���" qr� ¦0�B%.

y�8 SnO2 ��, X� §� �¨�(Rigaku, Model 2155 D6)©

ªE �¨�(Malvern, Model MasterSizer), BET MN� «T�(Micro-

meritics, Model ASAP 2400) �_
 ¬!" �¨�B%. X� §�

�¨ 5�� ��N y�8 ��, 2@­(rutile) C)}_n, ®¯ ª

E$ 0.43 µm, bMN�, 6.24 m2/g)}%. 

2-2. ����

¨°1_
 �¢ &T± Dz�� �¥�� 3.72 g(² 2 ml)" �&

%³� ´) K� µ$ �� �x( >?� NO/ QS�¶ * op

�� RS�$ �mP" �¦�B%. >?� K��x$ He_
 ·¨(

10% O2/ ¸¹\n 600oC�� 1�� ��x( * jpºc »O�

¼ \}&, ���x� ½¾�$ K� �¿ ��/ ¦0�B%. jp_


 »O8 K�, ���x >? OO� He_
 ·¨( ² 300 ppm

NO/ ¸¹\3 À� QS�¶ *, He�" ¸¹\3 Dz�� Á�e

$ NO© ²�Â QS8 NO/ Ã3H}%. NO
 À� QS8 K�,

���x >? OO� �` 1 l/min� He" ¸¹\n 5 oC/min_
 o

p��" Ä RSd$ �mP� ÅE/ �m ÆhÇ NO/NOx �¨�

(Horiba, Model CLA-510SS)
 «T�B%.

2-3. NOx 	
 ��

opRS qr� ¦0�BÈ ¨°1 &T± Dz�� �¥�� 3.72

g(² 2 ml)" �& 2.5oC/min_
 op�¼
n «T�B%. qr� \

8 Dz�F �!, 300 ppm NO-800 ppm C2H4(µ$ C3H6, C3H8)-

7% O2-He(tu�F)" ¦0�B_n, ÉÊ� ËÌ Dz�F� �!"

X���%. Dz�/ ��( �F� À<8 !� 6 ÅE$ �mÆh

Ç NO/NOx �¨�© �UEE ÍÎ�
 �S8 �FÏ
ÐÑ-Ò�

(Donam, Model DS 6200)/ ¦0�� �¨�B%.

NOx ��  !� ���� ��Ó, OO NO/NOx �¨�© �F

Ï
ÐÑ-Ò�
 «T( Dz� �� U�*� ÅEb
 ;@H}_

n, NO2 ÅE$ OO� pE�� �m ÆhÇ NO/NOx �¨�
 «

T( NOx ÅE© NO ÅE� Ô(NO2=NOx−NO)
 	�B%.

3. �� 	 
�

3-1. ����

Fig. 1, opRS_
�� s, 5�/ ;@Õ Ö_
, SnO2
��

RSd$ �mP, U�x ×i� ËÌ Ø Ô)/ ;@H}%. 

�� �x( SnO2
��� RS[Fig. 1(A)], - ½Ù) ?¾ ÚÛ�

� QS8 NO$ jp�� 250oC ¦)� Úc ( pE 	��� Ü

Ý NO
� RS�B%. )Ä RS �Ï� �Þ, 150oC
 ;@ß%.

)� b�� K� �x( ½¾[Fig. 1(B)]�$ '% àá( Câ/ ;

@H3 NO� RS� <ã NO2
E RS<) l�d}%. ä NO�

½¾�$ 200oC© 430oC� � pE��, NO2� ½¾�$ 200oC 6

300oC, 390oC� v pE�� RS �Ï
 ;@ß%.

Yamazoe�[16], ¦�å� Gæ �̈ ç(quadrupole mass spectromete

)� Q-mass; �è�$ ÚÛ� ‘mass’
 M�d3 e³)/ ¦0( �

© a¦( qr_
��, K� �x( SnO2� NO µ$ NO2/ QS

�¶ ½¾�$ 280, 380oC� � pE��, �� �x( SnO2� QS

�¶ ½¾�$ 200oC� ( pE�� NO
 RS<" l��B%. )

/ éê
 �� O RS pE� �z�$ NO� QS Câ
 200, 280oC

��$ Sn−N=O� nitrosylC, 380oC��$ Sn-O-N-O� nitrideC­

Ö_
 ëT�B%. -~; ) qr��$ K� �x( SnO2� ½¾�

E RS�$ NOx �mP_
 NO� l��B" � NO2� RS, l

��c fì³� a�{ ÉÊ
 e%. 

Misono�[19], Ce-ZSM-5� NO/ QS�¶ * s, opRS qr

5��� QS8 NO
 80, 100, 360oC�� ��� NO2
 RS�&,

NO
$ ?¾ �, í�) RS�$ Ö" NO/NOx �¨�
 l�( Ö

" îï{ Ä, Yamazoe �[16]� qr��E NO2
 RS�B" 
|

!) e%.

� �	� opRS qr5� � NO� RS� �`�� Yamazoe

�[16]� qr5�© bð�� 'N, �� �x( ½¾�$ 200oCñ

150oC
, K� �x( ½¾�$ 280, 380oCñ200, 430oC
 RS�

$ pE
 Ô)/ ;@H}%. )© ´) RS pE
 Ô);$ ��

" ÚÛ� opJE(10oC/min; Yamazoe qr, 5oC/min; � qr) Ô

)� �( Ö_
 `¨{ �E eòc�, NO� RSæ� NO2� RS

æ" ��� Fig. 1(B)��© ´) NOx RSæ_
 M��N RS pE


 Ô)
 ;$ ��" kl�Â 9 � e%.

Fig. 1. Temperature-programmed desorption of adsorbed NO over (A)
reduced-and (B) oxidized-SnO2.
total flow-rate, l Liter/min, catalyst weight, 3.72 g
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574 �	
���
����
Q-mass� �( ��L �¨��$ 
JU�� �( óô_
 1õ

�j ��L� ��æ� `ö�$ �Ï© <ã - �O�� �ÏE <

ã ;@÷%. SnO2� QS8 NO
�� RS) øjd$ NO 6 N2O,

NO2 OO� �( Gæ ùúûü ý)�(Gæ/\�Ï� �( þYû)

[20]/ 'N NO(30/100, 14/13, 16/4)© N2O(44/100, 30/31, 14/13, 28/

11, 16/5)� ½¾�$ �¨ �j ��L) \�Ï
 ;@;c�, NO2

$ 30/100, 46/37, 16/22, 14/9
 Ü�¹ �O� `ö�$ NO
 \�Ï


 ;@÷%.

-~ÿ
 Yamazoe �[16]� qr�� NO2
 l�dc f, )a$

RS �mP" Q-mass
 �¨�B� Äè� Ö_
 ëT{ � e%.

ä 200, 300, 390oC � v pE�� RS(¬� 300, 390oC��$ NO

� b�� NO2
� RS) � +³)( NO2
 Q-mass� 
JU��

��� �3] NO
 �Çd}" 
|!) ?¾ �%.

)© ´) 
JU�� ��� NO2
 NO
 �3] NO� ùúûü

� ;@÷%N, � qr�� ;@÷ v pE��� NO2$ Q-mass�

� NO
 ;@� Ö)ÿ
 )Ö� �Ò� NO �Ï/ ��� �O{

� e_n(5�, NO+NO2=NOx), - 5� � qr� NOx �Ï �7�

Fig. 1(B)© ´) 200, 300, 390oC
 8%. ) 5�$ Yamazoe ��

5�© ê� ­7�$ Ö)%.

Yamazoe �[17], SnO2� �( op RS qr_
�� α1(80oC),

α2(150oC), β(500oC), γ(600oC )j)� K� RS �x
 �Z<"

l�( t
 e%. ) qr5�$ Cox �[10]) SnO2(110) Ú5T"

)0�� s, 5�© �, bð
 8%.

Cox �[10], K� �x( SnO2(110) �[� pE/ �
��N�

4-�	 UEE «Ti(4-point conductivity probe method)" ¦0��

UEE/ «T( 5�, ��� �
�È UEE
 427oC�� ¤ô�

�
�$ Ö" Æ
�B%. )Ä )p K� �hi(ion scattering spec-

troscopy; ISS)_
 «T( MN� O/Snb$ Vp��� ¤ô� î��

%
 427oC����$ ê� ®C) ac�" l��B%. Cavicchi

�[14], �E�Â K�8 2@­(110)N� �Z{ � e$ K�� P

w/ (1)�mQSK�(chemisorbed oxygen), (2)
ðK�(bridging oxy-

gen), (3)®NH� K�(in plane oxygen) � v 
c
 
T( t e$

ý, Cox�[10], -�� qr5�/ Cavicchi �[14]� �
� �0

�� �k�B%. Vp��� O/Snb
 ¤ô� î��$ Ö, ‘�mQ

SK�’� RS� �( Ö_
 )Ä�$ �[� UEE� ÏÂ °Ù"

\c fc�, 427oC )j��$ ‘
ðK�’
 RS�� �[H �aU

�� ÅE/ �
��� Äè� UEE
 ¤ô� �
(%& �k�

B%. -~ÿ
 Yamazoe �[16]� Cox �[10]� qr5�/ bð�N

‘α�Ï’$ ‘�mQSK�’, ‘ β�Ï’$ ‘
ðK�’, ‘ γ�Ï’$ ‘®NH�K

�’� OO �z<" 9 � e%.

)j� ´, �&è�� �	 5��� ��N � �	� opRS

qr�� s, 5�$ %³� ´) `¨{ � e%. ä, �� �x(

SnO2� QS�¶ NO$ Úc 150oC�� NO�) RS�B_ÿ
, )

Ö, ���x� ��� K�
 yê8 MN� “Sn−N=O”� nitrosyl

C_
 QS8 NO� RS� �( Ö_
 `¨{ � e%. K� �x

( SnO2� QS�¶ NO$ ) pE'% �, 200, 300, 390oC�� NO

© <ã %æ� NO2
 RS�$ Ö_
 � Ä )�, “Sn-O-N-O”�

nitrideC_
 QS8 Ö)}³" 9 � e%. ä, SnO2��� K� R

S� bð�B" Ä O pE��� NO2 RS,, 200oC��$ �mQ

SK�(αK�)© 300oC��$ 
ðK�(βK�)© 390oC��$ ®NH

�K�(γK�)© Dz( NO� RS� �z�$ Ö" 9 � e}%.

3-2. SnO2
 NO 	
 ��

Fig. 2$ 300 ppm NO-800 ppm C2H4-7% O2-He(tu�F)� Dz

�F �!� �` pE X�� Ë� SnO2� >?  !" «T( 5�


�, 350oC�� ² 38%� NOx ��  !" ;@H}%. ) ��

 ! ��, ê� �¾ ��� 
º� Câ
 Teraoka �[18]� qr

5�© � ­7�B%. 

) 5�/ %� NOx �� >?�� �( �	 5�© bð�B"

Ä � 
c %� 	" Æ
{ � e}%. ��, 7%� �� K� ��

���E �	�& NOx ��  ! pE °��� >?±" ��( *

� �Î �F��$ NO2
 ê� ÍÎdc fì%$ 	)%. �Î �

F �� À<8 NO2 ÅE[qr� ¦08 2.04% NO-He(tu�F)$

K�
 �$ ½¾ NO2
 ê� �!dc fc�, � qr �!� ´)

7%� K�
 ���$ ½¾�$ 7-8 ppm TE� NO2
 �!d}³]

$ Fig. 2� ;@Õ Ö� ´) Dz pE
 �
<� ËÌ ?¾ ��

� î��%
, NOx ��  !)  &!� �D TE
 î�( *

425oC/ c;�" ��� �
�B%. ­D�_
 NOx ��  !)

Ø >?(IJ )p ð� y#Ì)û 6 IJ K�L)�� ½¾ - �

�  ! pE °��� NO
 N2
 ��$ Ä jöæ� NO2/ �!

(%& 9¹] e$ 	" &¹�N, Fig. 2� 5�© ´) SnO2 >?


 NOx/ ���% Ä, NO2 �!) &y8 Ö�ü ;@÷ Ö, '

�� opRS qr�� 1õ8 SnO2� NO2 �! 5�© jDd$

Ö)}%.

(�, NOx ��  !!)  &!" ;@H$ 350oC�� «T( �

)*� ��Ó) ² 28%� ��( Ö_
, )* pE
 �
<� ËÌ

�)*� ��Ó) �
��E NOx ��  !, 	Ô î��B%. )p

ð� y#Ì)û ��� NOx ��  !�  &!) �¤8 ����


ê� 100% ���$ �	�� ;@÷ Ö�$ %� Ô)
 e}%.

3-3. ����� �� ���

Fig. 3(A)-(C)$ NOx �� Dz� ��y� ����/ �)* 6

+
É*, +
,_
 t-3
n qr( 5�)%. ¦0( ���� O

O� �( Ô)	, %³� ´%.

NOx ��  !" ;@Õ Fig. 3(A)� ��N �À������ �)*

� +
É*� ��  !  &!, ² 37%
 ê� b.( �/" ;@

H}_;, À������ +
,, ² 10%
 ?¾ 0Â ;@ß%. )Ö

, ��� +, �	5���© ́ ) À�����
 �À������

b��  !�d� 31%$ Ö" ;@H$ Ö)%. ä, SnO2 >?/

)0( NOx �� Dz�� �À�����$ À�����'% �,

�� 2�/ ;@Õ%.

+
É*" ��y
 ¦0( ½¾ pE �
� Ë� NOx ��  !

X�$ 3�� ?¾ ��� �
�%
 350oC�� ¤ô� �
�$

½Ù" ;@H}%. -~;  !) î��$ ½Ù, �)*� b.�Â

Fig. 2. The catalytic activity of SnO2 for NOx reduction with C2H4 in
excess O2.
(300 ppm NO, 800 ppm C2H4, 7% O2, He balance, GHSV=30,000 h−1)
���� �38� �5� 2000� 10�



SnO2� �� �� �� 575
��� î��B%. ËÌ� +
É*� ½¾ a2( NOx ��  !

°�, ?¾ 4, pE 5�
 y(d}%. 

��y
 ¦0( ����� ��Ó" ;@Õ Fig. 3(B)� ��N +


É*� ½¾�$ �)*� ½¾© 6x 100% ��8 )*� NOx

��  !  &	) ;@ß%. )� b�� �)*� +
,� ½¾�

$ �¤8 ����
 7U� ��d� U� NOx  &  !	) ;@

ß_n )~( ½Ù, K� ÅE/ X��¼
n �¦( %³ �� q

r��E 8­( ½Ù" ;@H}%.

Fig. 3(C)$ ���� OO� ��� pE� Ë� NO2� �!æ"

;@Õ Ö)%. �)*� +
É*� ½¾�$ ² 425oC��, +
,

, 500oC�� NO2 �!æ) �
�� �9�B%. )Ö, Fig. 2��©

´) NOx ��  !)  &!� �D TE î��B" Ä
�, SnO2

>?� �( NOx �� �T�� NO2� �!) &y8 Ö�ü ;@;$

:j 6 - pE 5�
 ����� Pw� ;1�%$ Ö" ;@Õ%.

3-4. �� �� ��� �� �� ��

Fig. 4(A)-(C)$ SnO2 >?� NOx ��  !� K� ÅE X�


:7$ °Ù" �¦( 5�)%. ��y� �)* 6 +
É*, +
,

OO� ��� K� ÅE/ 0, 1, 2, 3, 5, 7, 10%
 X��¼
n «T�

B%.

Dz �F �! �� K�
 À<dc f, ½¾ SnO2$ ����

� Pw� ;1�Â >?  !" ;@Hc ��B%. ) 5�$ NOx


 ��d� �`�$ D<� ����� ��
 <ã 8Dd3" <

" ;@H$ Ö_
 `¨{ � e_n, µ( ��� +, �	�� �

���  !F(CxHy*; ����� �� �T �� ;@� � e$ �

� ��F µ$ >? MN� =�8 ��j LG" �:�n *$ D

z �� Úç� e$  !F�" ;@H$ �>
 ¦0�B³)
 NO

��" �(  !LG
 90(%$ �	 5�© ­7�$ Ö_
 SnO2

>?$ ��y� E? �)$ NOx/ Ý� �`�c �(%$ Ö" ;

@Õ%. -~; Fig. 2, 3� qr�� l�( t© ´) Dz �F �!

� K�
 @
8 ½¾�$ K� ÅE� ËÌ ­Tæ� NOx ��  

!" ;@H}%.

3-4-1. �)*� ½¾

Fig. 4(A)$ ��y
 �)*" ¦0�� s, 5�
� � DzL

�! ���$ K� ÅE
 1%­ Ä 425oC�� ² 60%� 
A �,

NOx ��  !" ;@H}%. K� ÅE
 �
�N NOx ��  !)

î��n, µ(  &  ! pEE 0, B_
 )8�$ ½Ù" ;@

H}%.-~; 5%)j� K� ÅE��$  &  !(35-40%) 6 pE

(350oC)
 � )j X�c fì%.

Fig. 3. The catalytic activities of SnO2 for NOx reduction with different
hydrocarbonds.
(300 ppm NO, 800 ppm HC, 7% O2, He balance, GHSV=30,000 h−1)

Fig. 4(A). The effects of O2 for NO reduction activity with C2H4 over
SnO2.
(300 ppm NO, 800 ppm C2H4, 0-10% O2, He balance, GHSV=
30,000 h−1)
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000



576 �	
���
����
)© ´) K� ÅE
 �
{ Ä >?� NOx ��  !) î��

$ Ö, NOx ��� CxHy*
 C��Â 1��� Äè_
 �O8%.

qr5��� l�( t© ´) ��  !) �9d$ 3�� 0, p

E(~350oCºc)��$ K� ÅE� ;1�Â ´, TE� ��  !!

" ;@H}%. )Ö, Dz 3��$ Dz �F �!� À<8 K�

ÅE� j1�) �!8 CxHy*
�� NOx� ���� ¦0d}� Ä

è)Ì �O8%. -~; 350oC )j��$ ÅE �
� ËÌ ��

 !) î��$ 1, 2, 3%� 0, K� ÅE DÚ�, ÅE� ;1( 5,

7, 10%� �, K� ÅE DÚ_
 ;E3 ;@ß%.

Fig. 4(A)�� �)*� ��Ó, K� ÅE �
� ê� ;1�Â

275oC�� ��
 �9d3 425oC�� 100% ���$ Ö" 9 � e

%. NOx� ��E ) pE 	��� ­3ß%. )© ´) �)*) ��

�$ �T�� �!8 CxHy*$ 1-3%� 0, K� ÅE��$ çJ��

NOx��� ¦0d$ DN, 5-10%� �, K� ÅE��$ NOx/ �
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Fig. 4(B). The effects of O2 for NO reduction activity with C 3H6 over
SnO2.
(300 ppm NO, 800 ppm C3H6, 0-10% O2, He balance, GHSV=
30,000 h−1)

Fig. 4(C). The effects of O2 for NO reduction activity with C 3H8 over
SnO2.
(300 ppm NO, 800 ppm C3H8, 0-10% O2, He balance, GHSV=
30,000 h−1)
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