
HWAHAK KONGHAK Vol. 41, No. 4, August, 2003, pp. 426-431
����� �� NO� �	
 �� 
� ���� Pt/MCM-48 ��� �� 
����� �� ��

����������	��
���
�†

����� ����	
���
449-701 ��� 	
� ��� ��� 1

(2003� 2� 11� ��, 2003� 4� 18� ��)

Studies on Reaction Mechanism of Pt/MCM-48 Catalysts in Selective 
Catalytic Reduction of NO by Hydrocarbon

Jae-Seung Yang, Sung-Chul Lee, Jae-Hun Jang, Byung-Yong Lee and Suk-Jin Choung†

College of Environmental Applied Chemistry, KyungHee University, 1 Seocheon-ri, 
Kiheung-up, Yongin, Gyeonggi 449-701, Korea

(Received 11 February 2003; accepted 18 April 2003)

� �

���� Si-MCM-48� ���	 
��
 ��� ���� ��� �� ��� ��� ��� !, "� #�$%� �

� &'( �� �)(HC-SCR) *+� (,�- ..� NO �)*+ /01 23 !4� �. Pt/MCM-48 ��� NO �

) 501 !4� 6
, 789 :! ;! <= Pt/ZSM-5 ��� ",� NO� �> 50
 23�- �? ?$� 6
�

: �. @� 5 vol% "�� A% �B�C D 50" EF� GH, /"�I J! 50� KL� M� *+NKO 600oC

P� QO�-K R��- D 501 S�� �. XRD, TPD, TGA, XPS T� /0�� UV ��� WX /0 Y *+

mechanism� Z� [\� $]� GH, "^� 6
_`a Pt/MCM-48 ��O �b ��:� cd A% �B�C ?$�

0e1 :"= fg �h� WX A/0
 �� !S� redox mechanism� �i� fG_ Vj� �.

Abstract − Pt supported on MCM-48 was tested as a new catalyst for hydrocarbon-SCR process. MCM-48 is a new support

material of the catalyst for SCR. Characterization and de-NOx activity test were performed for the newly synthesized MCM-

48-supported catalysts. Pt(1 wt%)/MCM-48 showed 90% of NO reduction at 250-500oC. It should be concluded, from what

has been said above, that Pt/MCM-48 catalysts showed higher NO reduction conversion than zeolite based catalyst, and it was

not affected by 5 vol% O2 concentration and water vapor addition. It would be supposed that sustention of activity in that oxy-

gen condition might be caused by surface acidic characteristic and its characteristic redox mechanism.
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1. � �

�� ��� ��� 	
� � �
� �����
� ���� NO

� ���� �� ���� �  !��("#$%, &'() *)� ��

SCR(Selective Catalytic Reduction) +
� ,-.�� /0 12'�

3 45�	 67. �89 :;' < NH3-SCR +
= >(� !�?

@�A BC�	 	D��� EF� GH� IJK�, ammonium

sulfate� LJ�� M� down-stream��� NO
P � Q;RS, "

#$%� KN � (T� U�V *�� W�X !��� 45� +


� YC�3 Z7[1-3].

NOx K[5 GH�, \] V2O5-WO3/TiO2, V2O5-MoO3/TiO2 *� "

#$%� !��� �� ^>� KD�� NOx �� IJ� _	, "#

$% ̀ a� b'cSd5� ef. g= �h� :;'�	 67[4-5].

ij� b) k] ��� &'()� !��� �5�� Rl= Cu-

ZSM-5 GH� m5� Iwamoto *� ��n 1	< �o (p= qC

ris 1	�	 67[6-8]. Ga � In/H-ZSM-5� t&u !��� 4

5�n 	 vw.�� NO !�u Gx�	, Pt y� Iru zs� In/H-

ZSM-5� ({� k] ���A _= IJu 1�� |�� 1	�	

67[9, 10]. }~� \] qC�	 6� &'() SCR= %��8 +

ks�, �� H2O, SO2 *� �� GH ��, �5'� �� IJDA

��� ��, IJ Jc � �a� �CJ {x, ��J �a �� �8

�� *� �v�3� � i�� �%67. y� &'() SCR5 GH

� �a� p� qC�3D ������ �= �,,+ c`a� ,

+��s �: 1.3 nm ��� ef. d� �U� �bK�, (�l�

J, IJ�� �8� �-J * n~ U�Vu l	 67[11, 12].
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�:�� �E� &'() SCR� \k�� U�Vu Sr�� R 

� ���� ,+��s  o� ����� 17 ¡¢ £ �� �8 t

Q¤~� c`as W�� �l�	 67[13]. �� ¥ qC��� ¦

§ W¨© tQ ��� ,+u ª� c`a� �«u ¬	 6� MCM-

48� Ptu �8� GH� �5, ­�®¯u !��� 45� SCR °�

±� .5°² W�X SCR5 GH��� s?Ju ³x�	 } GH

:� ´m �Ju 	µ�n 1¶7.

2. � �

2-1. ����

¥ qC� 45< tQ¤3 c`a �� ��M Si-MCM-48 � Al-

MCM-48= U·u ¸	� �n ¹J�º7[14, 15]. Si-MCM-48� ¹

J = 7»i �7. >v .¼½� silica sourceM LuDox-40(Aldrich

Chem.)u {¾(� NaOH(Daejung)� ¿À 60oC�� ÁÁ� f´ �

n 1°Â �: Ãc� Än ÅÆ� 5Çu �Q�7. -ÈIJ�M

cetyltrimethylammonium bromide(HTABr)(Aldrich Chem.) �° .¼½

� LE-4(Aldrich Chem.)� ¿À {¾(� Ån�n É 40oC�� ÁÁ

� f´ �Ê 30c �: ÅÆ� 5Ç� Ë ��8 5S °Ì7. �Í©

�Q< Î 5Çu �°� 5�� Ï3 Ð Ñ 40c �: Ò�© f´ �

n Ãc� Ó¹�AÔ �º7. } Ñ 100oC�� É 48°Â (�¹Ju

�º�Ê (�¹J < gel Ó¹Õ= :D�� DA� PÖ pH� .×

� Q×� Ñ 7° 100oC�� 36°Â �: (� ¹J�º7. �Í©

�Q< c`a� {¾(� ,Øu �S c`a� �Q�º7. �Q<

c`a�� ´m Ñ �= jn -ÈIJ�� ���� ��n 550oC

�8 10°Â �: ÙD� Ñ 550oC�� 12°Â h8�� )J i
u

�Ú ¦  c`a� ¹J�º7. Al-MCM-48= Si-MCM-48� ¹JR

 i �� ��� R �� �Q�Ê, ÛÜ�Ý O!a� sodium

aluminate(Junsei Chem.)� 45�º7.

Al-MCM-48= Si/Al e 80, 60, 40M 3s8  ¾� ¹J�º�Ê �

Ñ c`a� Al-MCM-48(x), x=Si/Al ratio� Cc�n ÆÆ�º7. �

Q< c`a� Pt� �8� Pt� �Ca� tetraammine platinum chloride

monohydrate(Aldrich Chem.)� 45�n ÞP �8 �� �Q�º7.

�� Pt� �8½= 1, 3, 5 wt%�8 �8�º7.

2-2. ����

�Q< GH� NO �� ßàu á
�� ��n ´m�âNO� �

d�n GH� J?u á
�º7. 	
��� ���� ��s�� #

4�� �� NO, C3H6, O2 gas� N2� X´ �a� 45�n ��

MFC� �i� Ñ Ó¹��� Ãc� Ó¹<7. #4< ��s�� G

Hs Ãx< ´m�� �i�© <7. GH� �i� ��s�� 7ã�

cä�� �5�n cä�º�å, ́ m�� �i� NO� chemiluminescent

method� 45�n NO� æA� cä�� NOx analyzer(Horiba, CLA-

510SS)� �5�n cä�º	, O2 � C3H6� æA� automotive

analyzer(Horiba, MEXA 554JK)� �5�n cä�º7[16]. cç Lè

� GH� 45�© �È ´m��� é@ê�s ëì�© �í� G

H� pellet�� JL�n �
� ��� cî�n �â�º7. GH�

Ãx½= 6 cc� �º�Ê +Â�A� 30,000 h−1�� á
�º7. ��

s� �� +k�� ({�� #4�� ��n {ë��� ({�� ë

ì°² ́ m s�ïi Ãc� Ó¹� Ñ� ́ m�� hð °Ì7. ́ ms

�� QJ= NO 1,300 ppm, C3H6 1,300 ppm, O2 2 vol%u 45�º7.

2-3. �� 	
 ����

�Q< c`a � c`a GH� CQ� �M�� ��n X-v ñ×

cä �â(Rigaku Model, D/max 11A)u �°�º7. �� CuKα target,

Ni filter� 45�n 40 kV, 100 mA, scanning speed 1.0o/min� QÞ

�� 2θ� 1.5o-10o ò��� á
�º7. �Q< c`a � GH� ó

È., ,+ 
�, ,+ ��� á
�� ��n ASAP2000 (Micromeritics,

USA)u 45�º	, á
 � GH óÈ� BôÕu ���� ��n 	

x+ ��� 350oC, 5°Â �l �õ0� �°�º7. �Q< c`a

� b �Ju 	µ�� ��n NH3-TPD� �°�º7. qC� 45<

TPDNO� `a �d< NO�� Gow-Mac4� TCD(Thermal Conductivity

Detector)� 45�º7. y� � c`a� )(JA� Âö.�� á


�� ��n TGA/DTA(TA INSTRUMENTS, TGA 2050) á
 �âu

�°�º7. á
 � c`a� 350oC, 24°Â �l �õ0� �°�º

�Ê, Õ� ÷øu hA�� ��n "#$%(s Ãx�3 6� å°

ù���� 24°Â RO°Ì7. �Í© �õ0< � c`a� :D��


� 750oC�8 10oC/min�� ÙD�È� á
�º7.

GH óÈ �)ï� r¹:è � GH óÈ æA e� á
�� ��

n XPS(PHI4, PHI 5700) á
 �âu �°�º7. XPS á
u ��

n GH� ÎÀ 5 mm��� ú= ûü�� �Q�n á
�º�Ê, X-

ray source� Al mono� 45�n 350 W, 15 kV� QÞ�� á
�º

�Ê �� Pass Energy=23.5 eV� á
�º7.

3. �� 	 
�

3-1. Si/Al 
� ��� �� MCM-48� �� 	
 ��

ô( MCM-48= �0ù��� CJ< 3ê� CQ� Õý�� �¥

.�� bVu ª	 68 þ7. �� ¥ qC��� W�X bVu 


i�� ��n Alu ��� ÿe� MCM-48 �F� O!�n �Q�

º7.

�Q< �a � GH� CQ� ���� ��n X-v ñ×cä �â

u �°�º7. �Q< Si-MCM-48� CQ� cä� ri Si-MCM-48

� � �J peak�� � ( 6� (211) (220) (420) (322) *� peakï

� �³�u Fig. 1�� �M� ( 6�7[17, 18]. ��� ¹J ×ê�

�S �Q< Si-MCM-48� ���© ¹J��»u Û ( 6�	 y�

} CQ� MCM-48� �L.M CQM 	ê� ðRCQ� s8	 6

»u �M� (s 6�7[17]. Alu O! °
 c`aï� CQ� cä

� ri Si/Ales 80�� 40�� Al� ã� {s�(Ô peak� ÒA

� ÉÂ� [)� �89 #� �J peakï� n�� 
 �³�u �

( 67. �89 Si/Al=40 ���� Al� i½�� O! < ^>��

(420) (322) (422)* MCM-48� � �J peak� �
c �³�8 þ¶

7. �� i½� Al O!�� M�n } CQs ��< ri� 4�<7.

Fig. 1. XRD patterns of Si-MCM-48 and Al-MCM-48.
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�Q< c`a � GHï� ,+ �Ju ���� ��n ý)*D÷

ø �âu �°�º7. �Í© cä< c`aï� óÈ., ,+ 
� �

,+ ��� Table 1� 
0�º7.

Si/Al e�� �� Al� O!�È Si/Al e� �© :���(Si/Al=80-

60�8) BET óÈ.= É 1,000 m2/g�� 1,500 m2/g §õ� ���

\F� {s�	 ,+ 
�A 1.1 cc/g�� É 1.6 cc/g�� \K� {s

�� ,+� ��� O!� :��� É 32-33�� £ �'s ��7.

�� Si-MCM-48� �¥ �F� Al� O!Ë � �
,+� ���3

,+��� óÈ.� {s���� ,+ðC� AlO!� �� ¬8 þ

»u Û ( 6�7. }~� Si/Al=40 ��� Al ij O!� ��~�

� �F CQs ���3 óÈ., ,+�� � ,+ðC ��s #Î E

F� {s�� |�� ��<7.

�Q< c`a� b�J � ÷�ø ̂ �u ���� ��n NH3-TPD

�âu (��º7. Si/Al ratio� �� �Q< c`aï� NH3-TPD �

â ri� Fig. 2� �7. Al-MCM-48(Si/Al=80) � Al-MCM-48(Si/

Al=60)= �� �= ã:� �ø ̂ �u 1º�å 80oC §õ� α peak,

100oC §õ� sN £ β peak }0	 120oC §õ�� γ peaks +�

.�� �³�u � ( 67. }~� �F CQs ���� °d��

Al-MCM-48(Si/Al=40)��� \K� α peak� 7) {s< β � γ peak

� �µ� ( 67. n��� 80oC §õ� α peak� Õ0÷ø� ��

�ø peak� 4��Ê, �F CQs ��< Si/Al=40��� α peak�

EF� {�� �F �� �Ñ� óÈ� B��J�� M� Õ0÷ø

½� ��.�� {s��� �U��	 4�<7. }~� β � γ peak

� ��� ef. Si/Al e� �� �� Al O!½� {s�(Ô vL

.�� {s¿u Û ( 6	, ��� O!< Al� ¥ GH�� Éb �

ÒbV� ��u ¿u Û ( 6�7.

Long } [19]�� �°< �a� )(J á
 R � ���n �Q

< �a� )(JA� Âö.�� á
�� �S TGA �âu �°�

º7. Õ� �� !(J� &'()� �� )(Ju ���� �U�

ÙD� �� �ø\:= Õ� �� !'@u á
� ( 6� §�s �

Ê %"~ &'()� �� !'@ #, )(Ju ���� 8(s <7.

¥ �â��� �õ0 i
�� M�.�� Õu �a� ÷ø°Ì�Ê

ÙD i
�� �³�� $© [)àu á
�n Fig. 3� �³��7.

Õ0÷ø� �� $© [)� 4��� 150oC �9�� Si-MCM-48i

Al-MCM-48(Si/Al=80) � Al-MCM-48(Si/Al=60)= 0.5%�9� $© [

)àu 1º�� Al-MCM-48(Si/Al=40)= É 1.5% 
A� ef. £ $

© [)àu 1º7. �|= NH3-TPD �â ri� :m�� ri�, �

F CQs :¼� ��< Al-MCM-48(Si/Al=40)��� �F CQ � ·%

�� k]�� ÛÜ�Ý� ��n Õ� �� ÷ø½� ef. £ |��

Sä�Ê �%s ³ �a17 )(J� d%ý |�� 4�<7.

´m IJV�� ì��38� Pt� :è� Pt/Si-MCM-48 GH�

XPS á
 �âu ��n 	µ�n 1¶7. Pts �8 Ñ 3&� :è�

k]��8� Û%1� ��n Pt-4f X-ray photoelectron spectra� c

ä�º7. Pts b)� r¹� :è� �� XPS� binding energy� �

�Ê �� �� �k� U·:� 
 Û'( 67[20, 21]. �� )*1

È Pt� �� ̀ a� k]� ̂ >� binding energy� 70.8 eV�Ê Pt-O �

Pt-O2� ^>�� �� 72.93 eV, 74.50 eV� binding energy� ÉÂ�

���© <7. Fig. 4��� �� +�� ¥ qC� 45< GH� Pt-

4f X-ray photoelectron spectra� , s8 �)� deconvolution�º7.

� ri� )*1È MCM-48 c`a� �8< Pt= 70% �:� �


c b)� r¹� Pt-O� r¹Lè� k]�Ê 8%� Pt ��`a� k

]�	 18.18%� PtO2� Lè� k]�7. # ´m� � IJV� �

Ca� n,8� Pt = �
c Pt-O� Lè� k]�Ê ´m� ̧ n�

� |u Û ( 67.

Table 1. Summary of BET results

Sample
BET surface 
area (m2/g)

Pore volume
(cc/g)

Pore diameter
(Å)

Si-MCM-48 1054.0 1.06 32.8
Al-MCM-48 (Si/Al=80) 1547.0 1.63 32.4
Al-MCM-48 (Si/Al=60) 1461.2 1.56 32.5
Al-MCM-48 (Si/Al=40) 1626.0 1.67 33.4

Fig. 2. NH3-TPD results of Al substituted MCM-48.

Fig. 3. TGA results of Al substituted MCM-48.

Fig. 4. Pt-4f X-ray photoelectron spectra of Pt (5 wt%)/Si-MCM-48.
���� �41� �4� 2003� 8�
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3-2. Pt �� MCM-48 ���� �
 	


�Q< Si-MCM-48 c`a� 1 wt%� Ptu �8°² IJu á
�

n Fig. 5� �³��7. DAs {s¿� �� 200oC
� ÉÂ� NO

�� IJ� �³�� °d�n 300oC
§� 95% �:� NO�� I

Ju 1º�Ê �~� IJ= DAs 500oC�8 {s�nA -Ð� h

8.u �M� ( 6�7. ¦	IJ= 300oC
� 500oC�8 �
�©

h8�� ´È� O2 � C3H6= DAs {s¿� �� -� )#��

|u Û ( 67. �� NO� !�i� �-�� C3H6� O2� vw.

�� ´m�n b'�� ri� 4�<7.

Pt� �8½u �'°² IJu á
� ri� Fig. 6� �³��7.

Pt� �8½� 1 wt%�� 5 wt%� {s¿� �� IJ� ÉÂ {s�

º�� Pt �8½� �© ��u ¬8 þ¶7. }~� ¦� IJ� �

³�� DA� É 20oC [)�� |u Û ( 67. ¥ �â�� �~

� ri� Pt �8½� /30(Ô KD���� ¦	IJDAs ��

<7	 1	� Longi Yang[22]� ri� 
 �O�	 67. �~� ¦

	IJDA� �Ò ��= �8½ {s� �� óÈ��� IJV �

CaM PtOs !��� ��n �
 !��3 IJVM Pt� ��.�

�1 
s.�� KD�� NO� !�°2� ã� {��33��1 �

3�� ri�	 4�<7. �� ��n Pt� �8½ Q×= IJ� {

x4 %$� IJDA ��u �
 Q×� ( 6� ��� 5- M`�

.5 � ( 6»u Û ( 6�7.

Si/Al e� �'°²sÊ �Q� c`a� �� 1 wt%� Ptu �8

°
 Ñ IJu á
�n Fig. 7� �³��7. �a6 IJ ri� 1

È Si-MCM-48� e�n Al-MCM-48(Si/Al=80)� 7 8 9= IJu

1º	 Al O!½� 17 p= Al-MCM-48(Si/Al=60, 40)*� 7: �

;8 Î c`a� ��' IJ� ÉÂ K��� |u � ( 6�7. �

~� \:= Al O!½� �)� Si/Al=80� ^>, O!< Al� W�X

÷øV�� k]�Ê, � IJVM Pt �%� <s IJV�� d5�

n NO� !�´m� �n�� �UM |�� 4�<7. }~� Al�

O!½� 17 p= Si/Al=60, 40� ��~�� TGA á
 �â ri

� :m�=�, Õ� �� !'@� ÒS( ÷øV� �� <s� IJ

�n 17� c`a� !(JA� 17 �© �n¿��1 NO� !�

�M C3H6� ÷øu [)°2	, �� MS NO !� ´m>u ?3@

0� ri� Ao� |�� 4�<7. ��� Si-MCM-48��� IJ

{xu �� Al O!= �= c`a� )(JA� �© ?3@08 þ

� ò��� �½ O!�ºu ^>, NO !� ´m� IJ {xu hA

� ( 6»u Û ( 6�7.

3-3. �� ��� �� de-NOx �� �
 ��

Pt(1wt%)/Si-MCM-48 GH� �:�� b) æA� �'°2Ê IJ

á
ri� Fig. 8� �³��7. b)s �Ö �� ^>�A 90% �:

� _= NO !�IJ� �³B7. �� �����(ZSM-5):� NO

Fig. 5. NO conversion of Pt (1 wt%)/Si-MCM-48.

Fig. 6. NO conversion of Pt/MCM-48 as changing loading.

Fig. 7. NO conversion of Pt (1 wt%) /Al-MCM-48(x) and Pt (1 wt%)/
Si-MCM-48.

Fig. 8. NO conversion of Pt (1 wt%)/ Si-MCM-48 as changing oxygen
concentration.
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!� ´m�� b) 
] °�� �)� GH IJu 1�7s �½�

b) +k °� ¦�� de-NOx IJ� �³�� Iwamoto *� 1	

[23]� ef � � \F� ê�� 1�� |��� tQ¤3 ÕýM

MCM-48� �C�� 4�<7. y� b)� æAs 4.2 vol%�8 {s

¿� �� NO� !�IJ= b)s �Ö �� :è� e�n É 5%


A )� {s¿u Û ( 6�7. �89 b)� æAs ij QÞM

6 vol%�:�� {s� ̂ > ¦	 IJ� EF� K��º�Ê ¦	 I

JDA(É 200oC) �:� 	D ����� IJ ^�A D© ?3(�

300oC �:��� �Ö IJu 1�	 68 þ»u � ( 67. ��

300oC�:�� )#�� &'()� �
c� b)�� vw. ´m

� ��n b', )#�� �UM |�� ��<7. }~� b)æA

0-4 vol%�8� ´mDA� {s�A BC�	 _= IJu h8��

V� ��� \:�� 1nx7. �~� \:= Inui *[24]� �N�

redox mechanism�� 5Æ� s?�7. Inui� XPS �âri� ��È

IJ�� �
c= Pt-O� :è� �º7s !��� �ð< C3H6s

Pt-O:è� k]�� IJ V� ÷ø�n óÈ´m Ñ �ø �È� Pt-

O� Pt� !�°2Ê C3H6� C3H6O*� �Âa� �L�© <7. �Í

© !�< Pt�� NOs ÷ø�n �E� ÷ø� 7: NO� ´m�n

N2� �ø�© �Ê Pt� 7° Pt-O� :è� b'�© <7. �Í© b
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