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� ����� Mesopore��	 
�� 
 ����� ���� �� MCM-41� platinum� ���� propylene� �

��  !� "#$ %&�� '(� )*!+,. -. 
�� �/0 �/1234 56� �!3 XRD, 789:;<=

", B.E.T>?$@A <� )*!+BC NO-TPDD EF NO :;G2H >?'(G2�, IJ� KL MN�OPQD E

R NO���2� @A!+,. S�$6 �2	 TUV �2WXB  Y�!� platinum	 G2B  6!3 .=Z[(250oC

\])�� ^� NO���2� _3`� �BC a� NO-TPDD E!3 b c .=Z[(300oC a!)	 NO9:;a d

e!N cf6 gB  hij,. ��� kH� �l�� silica type mesopore ��%&� m!3 Al� no� Q��p

mesopore��%&� qr d)R NO�� �2� st\u,. a� Q�j Ala v�	 9;�2wB  Y��N cf6

gB  hi�C 9:;<="	 mx 4y Al/MCM-41a _, zV gH {Q!� |}a,. Pt(5 wt%)/Al-MCM-41}�

� 10 vol%	 )�ND ~��� c�� NO���2V .!�� ��BC, ��	 Me-ZSM-5� m!3 \)2 � \�2a

U}j _, ��2�� SCR%&  ��� ) �� ��2� 56!+,. 

Abstract − At present study, platinum doped MCM-41(Si/Al=40) catalyst, which has been widely used as a new type of

meso-porous catalyst, was tested for the reduction of NOx with propylene as reducing agent. In order to confirm the struc-
ture, various characterization techniques such as XRD, N2 adsorption-desorption isotherms, NO-TPD, and BET surface area

measurements were performed. Also, by using a simulated flow gas mixture, NO reduction activity test was carried out on

various kind of catalyst such as Pt/MCM-41, Pt/Al-MCM-41 and Pt-ZSM-5. The general trends of activity measurements

showed that the maximum NO conversions appeared at relatively lower temperature region(low than 250oC) probably due

to the existence of Pt on support. This is supported by the existence of larger peaks at lower temperature region from TPD

pattern, when compared with that of MCM-41 only. Specially Al exchanged MCM-41 showed the best NO conversion

activity than others. It is speculated that the exchanged Al sites give rise to additional active site for NO adsorption, because

Al-MCM-41 shows a larger hystersis loop in adsorption-desorption isotherms. 10 vol wt% water was added to the stimu-

lated flow gases, but the NO cnoversion activity was not changed significantly on Pt/Al-MCM-41. Therefore, newly pro-

posed Pt/MCM-41 catalyst might be a better candate for the practical use in SCR process using propylene than on

conventional Me-ZSM-5 catalysts.
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k�)��� 1990X l]6 m$ no� �W� SCR �#K C9p

q� F*. OP rD��� EPRI� �1� s�5 cfQg �� q

�Qg ����� t�u 1 MW SCR vw� 4�� bx7� F*.

y�� OP I	QR NH3� =��B �� SCRT���� z �

{�� ;< |}~�� ��j /�%6H, � ;<� �Qvw/ �

� NH3�NO�NO2, SO2�SO3� UvwK l\�H � ammonium sul-

fate �� �|GB >� U'@ �	&p� l\�H � *�GB �

��� ;<� !"� ����� N�, ~>� %�� �@ �$ /

4B NH3� =��B �� SCRT�$ 3N( NOx�� }g�Z �

1�� �Bb =��� ��j 01�� F�, /� ��7� ���

� fQN��� =��B �
�� �1� ?�7/*.

NOx~�
 ;<�,OP V2O5-WO3/TiO2, V2O5-MoO3/TiO2 �/ �

���� =��B �� 23� ~{�� NOx ��  |/ ,�, �

��� ¡¢� �Q£p¤
/ o¥: ¦$ /4B I	Q �% F*.

@§� �� ¨P��� fQN�� =��B /
�� &©$ /r

1988X �W� Toyota� iª� ��5 T«�¬�, Cu-ZSM-5 ;<

� w
/ Iwamoto� Held �� ��5 ��R /\ Nm$ �1­

@� ���� F*.

y��, �®]6 z T¨� , ij H2O, SO2 �� �( ;< ¯k,

� �
Q� °(  |{Z x±� ²L, �  ||£ ³ ´¢� 
1|

µ?, � �s| ́ ¢°� ́ 6�# �/ «8�%¶M @�B ·� F*. 

Mesopore� ¸� £¡¢7 ij 1992X Mobil��� ¹|� |T(

MCM-41£¡¢� �¨ �º»/a ;<� ¼½GB 6:�% q¾ �

(R ¿TÀ�(1.3 nm /�)� Á^( 
NÂ|, y"� ÃÄÅÆ� ¿

T
 ²�~Ç �K IÈj p­( £¡¢»� M N F*[1, 2].

MCM-41� 23 1�4Z¢B �
�� surfactant� alkylchain�

É/� Ê» pore size� ��M N F� ��( pore size distribution

K ¸� Ë�( poreÌ� Í&ÎÏ�ÂB Ð BETÑÒ:(1,000 m2/g)@

pore volumeGB Ap  |ÅÆK ´¢
 �� £�ÓÔ�Õ 4"(

1�� �6� F*. Ê»� ZSM-5� oÖ( �¨� �º»/a� p

­�6 ×( 5� Ø�½ÌK p­M N F� �}|K �? �Bb

£¡¢» M N F*. W �1��� Ù���  £¡¢ ;<� �


�}|K Ú?�H �J� /�Û ÓZ�% �6 Ü$ NO=�
 SCR

;<B�� �
�}|K Ú?�5 ��¡ (*. ij 
N| ³ ��

� 7� SOx� 
1|K 7ÝGB MCM-41́ 6 Pt;<� �
�}|

K Þß�5 ��¡ (*. 

2. � �

2-1. MCM-41 ���� ��

MCM-41£¡¢� ¹|[3, 4]$ silica sourceB Ludox HS40 colloid-

al silica(40 wt% SiO2, Dupont)� �
�5 :È�� µ�N� sodium

hydroxide� àAá âÒ |� cetyltrimethyl-ammonium chloride(25

wt% solution in water, Aldrich) N
ã� ääj :��5 (*. /å

æ �5 ç%? gel� �¢ è �|$ 6SiO2: 1HTAC l : 1.5Na2O : 0.15

(NH4)2O : 350H2O/H, 97oC�� ��é© ­�QÓê á pH� 11B

���5 *Ó ­�QÓëGH, / @�K 2ì/I ví�î*. ­�Q

á washing, fitering@�K �ï ð�R Ó�� T�£°��� I{�

� 550oCB 12Óñ é© ò{á 550oC�� 6Óñé© �|�î*.

¹|R £¡¢B� platinuḿ 6� ó'´6)K �WGB �5 *ô(

´6&)K ÓZ�îGH i|Q� s�5 ´65U� ²A�î*. ;<

���õ� Fig. 1� �Ú
¬*.

2-2. ��	
��

;<vw  |ö�>�� Fig. 2� �Ú÷ ø� �/, 1|�îGH

SCRT�� �� �|K ��Q�� °�5 NO, O2� =��B �


�� propylene/ ù��H ��Ó ú�� N£K ù��� °�5 syringe

pump� >Ä�î*. vw�� 1/2'' 
2� cxvw�� �
�� vw

�
U� ;<û?�$ 0.3 gGB �î*. vw�� s@( ��� �

£c$ Qü�ý' NOx, SO2, O2£c�(HORIBA CLA 210 SS)� gas

chromatography(Gowmac 750P-FID, Gowmac 580-TCD)� �
�îG

H, vw{Z 100-500oC þ°�� ö��î*.

vwÅ� ÿZ� NO 1,800 ppm, propylene 1,800 ppm, O2 2-10 vol%,

y"� He� carrier gasB �
�5 vw�� s@�� Tñ�Z�

30,000 h−1�� N��î*.

2-3. BET 
 �������� ��

��R ;<Ì� ÑÒ: ³ Æ�ÃÄ�é, ¿TÀ� ³ U¯, ÑÒ:

�K ö��5  |@� I�|K Z���¡, Micrometrics�� ASAP

2000K /
�5 ö��î*. 

2-4. X� ������

��R MCM-41� 1��|5U� �J� ��´6á� 1��Q5

U� ²A�� °�5 XRD(MAC Science, M18XHF)� /
�î*.

Fig. 1. Preparation precedure of MCM-41.

Fig. 2. Schematic diagrams of simulated gas mixing and reaction appa-
ratus.
1. Reactants 7. Temperature
2. Mass-flow controller 8. Cold trap
3. Mixing tank 9. Furnace
4. Pressure gauge 10. Catalyst bed
5. Syringe pump 11. Temperature indicator
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Target sourceB� CuKαB �� power� 18 KW scan speed� 1.0 deg/

minGB 1.5o-10o]6 £c�î*.

2-5. Temperature Programmed Desorption

Platinuḿ 6 MCM-41� NOÃ�Ä 2�K Þß�5  |@� I�

�â� ��p ��¡ temperature programmed desorption>�� �


�î*.

2-6. 29Si-MAS-NMR ��

MCM-41� ¹| á ·�F� silanol groupÌ� ÿZ� ���5 Si

� ­�1�� t��� °p� 29Si-Magic Angle Spinning(MAS)-NMR

K ö��î*.W �1��� United Inova�� 300 MHz NMRK �


�5 �	K N��î*. First Delay(d1)$ 10l, Number of Train-

sidents(NT)� 2000
GB �î*.

3. �� 	 
�

3-1. MCM-41� ������ ��

��R MCM-41£¡¢� 1��|5U� ²A�� °�5 XRD ³

BET� N��5 W ­@, Fig. 3@ �/ MCM-41� �i| peak/ ²

A�¬*.ij d100value�$ MCM-41� 23 39.8, Al-MCM-41� 2

3 39.2/¬GH /B
 MCM-41� 1�� ��( ¿TÀ�� �6�

��:A ­�K /�� FYK ²AMN F¬*. 

�( MCM-41 £¡¢ ¡¢B� �½/ �� �Ø�, AlK 1���

�=Ó� �½ U5á �
�æ ��Õ W �	�� �
R ;<Ì�

Al�=�� Ê�(Si/Al=25-80) 1� �|� �Q� Fig. 4� �Ú
¬*.

�v:GB 1��� Al� �=�/ m�ÆN� �W1��� ½õ /

��� OIK � N F¬*. 

3-2. MCM-41� ���� 
  !" 	
��

Æ�Ã�Ä�{8 Fig. 5�� �� ø� �/ ��( ÃÄ� µ��

Ê� ¿T� w�OI� �( IL�g 0.2-0.4�/��� hysterisis

loopI� ��( ÃÄ� �Q� ��M N F¬*. ��R MCM-41

³ platinuḿ 6 MCM-41� BET­@� Table 1� �"�î�Õ ÑÒ

:��Z ��:A mesoporex±� £¡¢� �6� 1,000 m2/g� �

ÑÒ:K 46�� FGH ¿T U¯Z 1.017 cc/gB <3 �K � N�

F*. �( C16 âÂ� surfactant� ��Ó �
( ­@ 30 Å /I�

¿TÀ�� �6H ¿TÀ� £�(pore size distribution)��Z ¼�£

�� /�� F*. y"� silica� ��� AlK �=�îK 23 ÑÒ

:/� ¿TÀ�, ¿TU¯� �U ���H Al �=�/ mKN� y

���/ �K � N FGH /� Æ��{ÃÄ�	�� �î¾ hys-

terisis loop� ÑÒ:/ �%6� �@ ��Ó� �Ò ¿T
U� Al

�=GB A( ¿T� � � IL:A ��B ¿TÀ�� U¯, ÑÒ:

�� �Q� l\!*� ��R*. /� PtK ´6�îK 23�Z �

$ ôIGB �Ú�� �GB ²A�¬*.

3-3. MCM-41� #$%& 
 NO��'()* ���� 

£¡¢ ;<� Ã�Ä ôIK ²A�� °�5 ò{�Ä�	K N�

�î*. 

Fig. 3. XRD Patterns of MCM-41 and Al-MCM-41.

Fig. 4. XRD patterns of Al substitution amount variation on Al-MCM-
41.

Fig. 5. N2 Adsorption isotherm of MCM-41 and Al-MCM-41.

Table 1. Specipic surface area of MCM-41 catalysts

Catalysts
BET 

Surface Area
(m2/g STP

Pore Vol.
(cc/g STP)

Pore Size
(Å)

MCM-41 1140.46 1.017 35.7
Al-MCM-41(Si/Al=25) 782.11 0.639 32.7
Al-MCM-41(Si/Al=40) 973.63 0.897 36.7
Al-MCM-41(Si/Al=80) 1002.58 0.891 35.0
Pt(1 wt%)/MCM-41 1126.62 0.962 34.2
Pt(1 wt%)/Al-MCM-41(Si/Al=40) 914.68 0.828 36.0
Pt(5 wt%)/Al-MCM-41(Si/Al=40) 900.41 0.750 33.4
���� �38� �5� 2000� 10�
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"~  |½GB ¤
�� £¡¢� �½� �éK t��� °�5

Si/Al=25-80 �/��� £¡¢� LIGB NH3-TPD� N��î�Õ

Fig. 6��� �/ i� Si/Al ratio�� ^�½GB ���� ~{x±

� �Ä�/ #L� /�¬*. /� �$GB W �1� #L�½K ¸�

Si/Al=40K �$GB ;<� ���5  |�	K N��î*.

NO-TPD­@ Fig. 7�� �56%/ o¥: ~{x±A 200oC 
&

�� �> Ð 2«� peakB �'% �Ú�� FGH 350oC �á ³

500oC (!��Z )�� �Ä peak� �*M N F¬*. /� ~{

x±��� ÃÄ�/ IL:GB �{x±��� ÃÄ��* m$ �G

B ���H / ~{x±� NOÃÄ/ NO=� |@ +,( �â�

¸� F� �GB úVR*.

3-4. MCM-41� Silica �
�� +, )*��

¹| 7� *� -�� oligomeric Si-species� vwÅ 
� T¨(

*. /Ì$ QnGB
 ÑOR*. 5�� n$ 1�� 4/H / n$ A(

�> (,( /. Si �¡� N/*. /�Ì$ �v:GB Si �¡�

MCM-41� �
�� �­|K �6� ¨P�K �r(*. two-(Q2),

three-(Q3), four-fold(Q4)R silicon �¡� ��� �­��� I�­¹

�% FYK �r(*. /�( �Q� 
U silanol group� �¹� �

( �/*. Q3� Q4� /j Ù��% £¡¢�� �Ú��Õ /�$
29Si MAS NMRK /
�5 ö�M N F*. 

MCM-41��� -100 ppm�� Q3, −110 ppm�� Q4� peak/ �v

:GB �Ú0*.W �	��Z ±Ó −100�� Q3, −110�� Q4� peak

/ �Ú·K ²AM N F¬GH /B
 Silica� tetrahedrally substituted

R 1�� ²AM N F¬*(Fig. 8).

Fig. 6. NH3-TPD Patterns of Al substitution amount variation over.

Fig. 7. NO-TPD Pattern of Pt(1 wt%)/Al-MCM-41(Si/Al=40).

Fig. 8.29Si MAS NMR Spectra of Si-MCM-41.

Fig. 9. NO Removal activty of MCM-41 and Al-MCM-41 supported Pt
(1 wt%).
� O2, �No, �H/C, Open: Al-MCM-41, Close: MCM-41
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3-5. Platinum-. MCM-41� /0���� 

MCM-41@ Al-MCM-41(Si/Al=40) ;<Ì� Pt ´6�K 1 wt%B

��ÓÔ� V ;<Ì� NO ��  |K ö��5 Fig. 9� ÑÓ�î

*. C3H8� 300oC r1��� NO ��� o2�*� 300oC /I�

�� ��j �Q�% 100% �=3K �N FGH, /� 300oC �á

�� ����� ��j E%�*� 300oC (!�� #L �=.K

�/*� ��( N$/ �� �GBZ [µ4 N F*. NO�=.$

300oC (!�� #L�=.K �/*� y /I� {Z��� ��j

 |/ 5%6K � N F*. /� =��A C3H8� O2� �QvwG

B ���� �Ø7K � N F*. 5�� Pt/MCM-41$ ^ 70%�

�=.K �/� FGH, Al �=GB A�5 ��� )��  |½/

ú|R �GB 8¼�H /� NH3-TPD ³ NO-TPD ­@�Z ��

�� OI/*. Al/ �=R Al-MCM-41 ;< 7��� Si/Al o�

40A ;<�� #L NO��  |/ �Ú9GH, Si/Al o� 25 ³ 80

A 23�� /�* NO �� |/ 5%6K � N F*. / ­@�

Fig. 6�� �ÓR Si/Al o� Ê� NH3-TPD� �( ;<�Z ö�

­@�Z ���� OI/*. : NO��  |$ ~{��� ;< �

Z� ®,:GB 4�R �GB �/H /� #L�Z� Si/Alo� 40

� �7K � N F*.

*Y$ 1 wt%� PtK ´6( MCM-41@ KIT-1 ;<� L�5 NO

�� |K ö� o¥�5 �;*. Fig. 10��� �/ MCM-41 âÂ

� ;<� 300oC (!�� #� NO ��  |K �/�Õ v�5

KIT-1 âÂ� ;<� y�* ¦$ 250oC (!�� 70%� #� |

K �/� �GB �Ú9*. /� �$ #L  |� ~{/é$ ;<

� ¿T1� õ/� �A( �GB �A*. :, MCM-41� ¿T1�

A 1õ�� ¼<(, �®8GB =æ >$ ¿T 1�� o�5 KIT-1

$ ����� �* 3õ�� sinusidual( �?� ¿T1�� ÃÄÆ�

3õ� ²�� �* -.:GB �%�H /B A�5 ;<� light-off�

�* 
/�5@ ~{�� #L  |/ �Ú�6 Ü;�� úVR*. 

3-6. Platinum -.1234 56 NO�'��

W �1�� #:� ´6¢»� ���� Al-MCM-41K �$GB

Pt� ´6�K VV 0.5 wt%� 5 wt%]6 �QÓêá  |K ���

5�;*. Fig. 11�� �� ø� �/ 0.5 wt% ́ 6Ó�� 1 wt%Ó�

* ^ñ ¦$ NO��  |(̂  65%)K �7@ éÓ� #�  |{Z

��Z 250oCB ^ñ ���îGH 5 wt%� ´6�îK 23�� ^

90%� NO�� |K �/H #� |{ZZ 200oCB m/ ¦�?

�K ��M N F¬*.

´6��Q� Ê» ̂ ñA #� |{Z� �/�� F� �K � N

F�Õ, Pt́ 6�/ E%BN� ~{x±GB #� |{Z� �/R*

� ��( Cho �� ­@�Z ��(*. 

W �	��� 0.5 wt%, 1 wt% 1ñ���  |{Z� 50oC Iò

$ �ÑÒ:A £¡¢� ´6R r��  |��/ £� ´63GB�

�%�� -@»� ���H 1 wt%, 5 wt%1ñ� ^ 100oC� #� 

|{Z �C$ ��( ´6�µ�� +�% platinum metal/ ~{�

�UD �Q�Ò� U�:GB NO� =�ÓÔ� ô/ ���æ m�

6GB
 �%�� ­@» ��R*. 

3-7. Water Vapor 784 56 ��239+:;

#: |K �/� Pt(5 wt%)/Al-MCM-41(Si/Al=40) ;<� LIG

B T��N-@� ��p �;*. T�I �úM N F� water vapor

� T¨Ó�  |� x�K E N F� A¡� Lp� ���î�Õ

"~ vw7� 10 vol%� water vapor� ù�ÓÔÒ� #� |{ZA

200oC���  |2�K ���î*. Fig. 12��� �/ water vapor

� ù�� Ê�  |~�� �� �GB �Ú9*. /� �v:GB

ãIvw�� N£� <3 Á^( MCM-41âÂ� ;<â� i|@ o

¥p � �, �Ivw� r�� N£� ±M$ �� rr( �GB �

��� ­@� ���H, N£ù�Ó  |~�� ���H N£T� 7

¼Ó �\�  |K �Ú
� �±:A N£ù�-@� �Ú
� *�

Fig. 10. NO Removal activty of MCM-41 and KIT-1 supported Pt(1
wt%).

Fig. 11. NO Removal activty of Pt loading variation Al-MCM-41(Si/Al=
40). 
�O2,�No,�H /C, Open: Pt(0.5 wt%)/Al-MCM-41, Close: Pt(5 wt%)
/Al-MCM-41

Fig. 12. Water vapor addition effect of Pt(5 wt%)/Al-MCM-41(Si/Al=40).
���� �38� �5� 2000� 10�
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zeoliteâÂ� 
N|/ Á^( Cu-ZSM-5 �� ;<�* F�j 3N

( 
N|K [µ�� ­@» M N F*. 

3-8. #�<=234 56 ��23�� :;

��ÿZ� �Q� Ê� NO�=.K ���î�Õ Fig. 13��� �

/ i���ÿZ(2 vol%) /I��� ��ÿZ� �Q�  |� x�K

r�6 Ü� �II?� 46�� �GB ²A�¬*.

/� Cu-ZSN-5� �Ú zeolite I��� 2% O2 /I� @§�� �

ð��� NO� N2B� �=./ ½õ 5%?*� ���� õGQ �

� ­@B�, @§ �� �ð��� Al-MCM-41� ki( NO�=

�éA �GB �HR*. y�� W �	­@� N2B� 89Z� ��

� Ü$ total NO� ���K (�B ��( % conversion/IB @

§�� �ð���� ,$ NO �=.� 46� ,$ N2B� �=.

K 46(*� ���*� W ;<I�� NO� @§ O2� Jæ vw

�5 IÈ�� NO2� �|�GB� total NO� ���K µ�ÓêÕ

�R �A/ F� �GB 8¼R*.

3-9. >?�9 23(C3H8/NO Ratio)4 56 ��23 �� :;

=��� ô@ NO�� |ñ� I��â� Z���¡ propylene�

ÿZ� �QÓ��H NO��.K ���î*(Fig. 14).

C3H6/NO o� 0.5-1 �/��� ��(  |µ�� �/� y /I

� o.��� µ�¿� KQR*. /� vw� L5�� =��� ô

� :�o./ ¨P�K �Ú
� �GB 1MM1( ��-.K ç�

°p�� LN 1/I� o.K ù��5¶ (*� ��� +�%, MCM-

41 ;<â��Z /�$ ��/ :
R*� �K ²A�î*. 

3-10. Pt(5.9 wt%)/ZSM-5@� ��0A:; 

m$ �1� �%6� F� ZSM-5;<â� PtK ´6( ;<�  

|­@[5]� W �1�� N��%? Pt(5 wt%)/Al-MCM-41 ;<�  

|o¥� pW ­@(Fig. 15) #� |{Z� �¢:A  |2�$ oO

�� Pt/ZSM-5Lo ^ 30%�  |µ?/ ���¬*. T��N-@�

�Z 3N( 
1|K �/� W ;<â�  
�}|$ �B ,GH

�
Q� :¹( SCR
 ;<«�� 4
�"» ��R*. 

4. � �

(1) Mesopore1�� �6H Æ��QÅ �� ;<� y �}|/ �

L�� MCM-41� ®,:A ¹|@ i|Q ³  |��� �Ó�î*.

(2) ��R MCM-41� platinumK ´6Ó� SCRvw�ð� :
Ó

ê ­@, Pt(5 wt%)/Al-MCM-41�� ^ 90%� NO ��  |K �î

*. /� mesopore1��  |ÅÆ� ²�/ 
/�� � ÑÒ:@ Ð

¿TÀ��� �A(  |��� �� £�GB A( ­@» ��R*.

(3) ØPI ���� F� Pt/ZSM-5;<� /
( NO�� |@ o

¥�5��  |{Z� 2�$ oO��  |Z�� MCM-41;<�

F�j 3N( ­@� �îGH /� Ê� mesoporeâÂ ´¢� �


�}|K �Ó�î*.

(4) vw7 10 vol% Nµ�� ù��  |� x�K r�6 Ü;GH,

Nµ� ù�Ó  |~� á �±:A  |íQ� ���� Ú ´6¢

(Al2O3, ZSM-5) Lo 
N|öÒ�� <3 3N( ;<B ��R*.

(5) ��ÿZ� �Q-@�� i���ÿZ(2 vol%) /I��� ��

ÿZ� �Q�  |� x�K r�6 Ü� �II?� 46�� �G

B ²A�¬� =�� ÿZ�Q��Z C3H6/NO o� 0.5-1 �/��

� ��(  |µ�� �/� y /I� o.��� µ�¿� KQ�

�Õ 1MM1( ��-.K ç� °p�� LN 1/I� o.K ù�

�5¶ (*� ��K ²A�î*.

(6) ­R:GB fQN�� =��B �� 89: ;< =� T�


;<B
 MCM-41âÂ� Q��;<� �
Q� �}|/ FYK #

- ²A�î*.

� 


W �1� 1998XZ (Dü#?SP¼ ¡4T�@�(@�
�: 1998-

001-E01419)� 6�GB /�% Tó�*. 6��5 �U �â¡ 5�

Fig. 13. O2 Concentration variation effect of Pt(5 wt%)/Al-MCM-41(Si/
Al=40).

Fig. 14. C3H6/NO Concentration ratio variation effect of Pt(5 wt%)/Al-
MCM-41(Si/Al=40).

Fig. 15. Comparison NO removal activity between Pt(5.9 wt%)/ZSM-5[5]
and Pt(5 wt%)/Al-MCM-41(Si/Al=40).
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