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� Ti-PILC �
� ���� �� ����� ��	 ���� ������ ��� �
  

!(Selective Catalytic Reduction, SCR) "#$ �%�&�. '()*� +��,-. /0� Ti-PILC �
� 12 SCR

"#$3 45 '()*-6�67* �
8� 29� �
� ��	 :;	 <=> 9 ?@�. �A, BCD�$ �E3

��F Ti-PILC �
� 12 macropore: �
 GH��I$ JKL	 ��> 9 ?@�M, �� N4:O P$ NOQ C

R$ STU 9 ?� SO2$ �� SCR "#� �
+�V� WX	 Y�RZ 9 ?[	 \ 9 ?@�. 

Abstract − Ti-PILC catalysts containing a peculiar physicochemical property were prepared for the selective catalytic reduc-

tion (SCR) of NO by NH3. V2O5/Ti-PILC catalyst especially revealed superior NO removal activity to the conventional SCR
catalysts including V2O5/TiO2, a well-known SCR catalyst. For the freeze-dried Ti-PILC, needle-like crystallites forming a

“house-of-cards” structure by delamination has been developed. It creates a multi-modal pore structure containing micro- and

meso- or macropores in the pore network. The macropore may play a major role for the improvement in the catalyst deacti-

vation by SO2, which is commonly contained in the flue gas in addition to NO.
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1. � �

Pillared interlayer clays(PILCs)� 2�� ����� 	
 ��
 �

�� ��� ���� ��� ��� ��� ����  !"# $%

&' "() * +� ,- ./� ������ 01&� 2
 345

67 89# ��:� ;�< �����=> ?@�� �A B ��

7 ?@> 8��� C&� ?@D1�� E
 FG� HIJ$[1-3].

KLM�� N� Al-PILC# FCC(fluidized catalytic cracking) ?@�

� 1O&� P
 Q!R� ST&' Q!UIJ$[4]. V�W �� X


 YZ[�\� ]&^ FCC ?@��> 
_# `a&� b&c +

\d, ��� �# e0fg� P
 Q!R� hi�9 E� jkUI

�c +$[5-7]. Al-PILCl�9 $%
 mn o� mn8p�� ��

�fq PILC ?@�[R� Q!UI�c +\d[8, 9], �A, hi� r

�r/.# ��� sO
 Ti-PILC> tu ^� ?@D1�� �v>

r�r/.w$ u*
 ��� w�� x\� wcUI�c +$[10-15].

Chaey[11, 12]7 Yangy[13] Vzc Chengy[14]
 Ti-PILC ?

@� {{ |W}.  ~ o� ��8p�� ���\�� NH3 SCR

D1�� u*
 S�� w�� x\� wc&c +\d, Ding y[15]


 ����� ��# P
 �?@D1� �
 Ti-PILC ?@> SO�

� �f&c +$. ��� Ti-PILC� �����> ��� ��� ;

�< �����=> ?@�� ,- ./� �v> r�r/.� sO

UI�� E
 ?@D1�� Wr� �v r�r/.> ��� w�)

* +\d, o
 ��
 �zp�6 ��� �]&^ w$ u*
 D

1��� �� * +� ;�< 8p�?@�� .N ��) x\� �

{�$.

�v> r�r/.� E
 D1R�� ?@ �
 ��� sOUI�
783



784 ���������	
� ��
����

o-
c +\W, �
� 4567 ��!", �
 YZ[� � �_6 �9

Vzc honeycomb ��  	
 0�O ?@D1��> ���� ��

b
 ��� ��� x\� ��� +\d[16], hi� ��
 r�r

/.> ?@6 
_# `a&� P&^ TiO2-Al 2O3[16]  TiO2-SiO2

[17] y7 	
 ��8p� ?@R� E� Q!UI�c +c,   Q!

��� Ti-PILC ?@# ��
 ¡��� `a&� P&^ 6O&c¢


$.

8�O w£�W T¤¥  	
 $%
 c[��� T�&� �¥8

p� �¦# P
 �§ ¨� �© u*&c ��
 �§
 NH3# ª

��� �O
 �¥8p�> «¬6 ?@ ª�­(Selective Catalytic Re-

duction, SCR)\�� � �§> ®G
 1O�0� 6�
 ?@> ¯

T� +°
 ± ��� +$[18].

SCR ?@� T¤¥ y7 	
 �²> ³��´ �z� 6O&� µ

¡� ?@> u*
 �¥8p� �¦S�,- ./� ?@> �_6

�9, Vzc honeycomb ��  	
 ¶·� D1� ���> ��

� ���� u*�¸ 
$. 0O SCR ?@� �© E� ¹�� r�

r/.� ��� |W}._ ?@� 0�6\� 2
 D1S�7 ³�

�´ ¨� º�� »p��� �
 u*
 ¼!�� ��W �½ ¾¿

� x�� r�r/.� �
� 4567 ��!"# ��:� w$

e0� D1S�7 ¼!�� �� * +� ?@��> 
_# w^N

c +$. Vzc �
 �_6 �9  ���\� ]&^ ?@> 0O

p� +I� E
 ��� w^À$.

SCR ?@> ?@�� �
 ¼!�
 ?@> ��� ¹�� ��>

!"6 Á*� >&^ "(Â * +� x\� ��� +$[14, 19].

Beeckman y[19]
 ?@> ��!"# h6p�\�� SCR D1��

D1S�,- ./� ?@�� �
 S�¶&# ÃpfÄ * +°�

wc&c +$.�A, micropore macropore# Åf� �Æ\�� macro-

pore� 0�6\� Ç8¶È> Ée� E� Ê� ?@�R� �
 �Ë

Ì)� &^ ?@> S�¶&� ÃpÂ * +°� �f&c +$. �

�� ?@ ��!"# "() * +$� x
 ?@> Í_ F���

,- ./� ;�< SCR ?@# ¯T) * +� ¨C
 C¥� )

* +$.

��
 Î5��   Q!��� 34567 $%
 ��!"# ��

* +� Ti-PILC# �"�\�� �v� SCR D1> ?@� E� s

OUI�� r�r/.> ©�� �Æ
 �Ï ��� `a) * +�

;�< SCR ?@# ¯T) * +� �Ð�� SCR D1S�7 SO2

¼!� ̄ «� ¨G\� �.wÑ$.

2. � �

  Q!��� ^� �� "Ò�� �"� Ti-PILC ?@> �zp�

6 ��� $%
 �Ó­� Ô&^ FÕ&Ö\d, �# |×\� �¥

8p� �¦S� � »p��� �
 ¼!�7 Ti-PILC ?@> �zp

�6 ��7> 0FF_# Ç]&Ö$.

2-1. ��

PILC� �Ø> �Ì6] ÙÚK0� �Û&^ �"UI�d, V �"

Ü­
 ���fgc¢ &� mn�> �*��� >�� ��� mn

> polymeric o� oligomeric hydroxycationR7 �Ø> interlamellar

cationR� �ÝÞªUc �# ß*pfà\�� ���� áO&� Z

[
 mn8p�� �Ø> â s�� ��ã\�� �"UIj$.

Ti-PILC �"# P&^   Q!��� tä�Ì\�åË æç� è

¼8 S�p Na� bentonite(KNB)# sO&Ö\d o
 3Þ# P&

^ montmorillonite !"� N# �éd Fisher�� ��&� purified-

grade Na� bentonite(FB)# sO&Ö$. r�r/.> ¤!��� TiCl4

# sO&Ö$. 

TiCl4# �O
 Ti-PILC> !�6] �"Ü­\� u« 0.2�� 1.5 L

[9> ê=*� 10 g [9> bentonite# ëc ± �8U9ì 5fí

�0 ÞD
$. Vzc 2 M HCl Oî� TiCl4# �&c � ����

ê=*# ïïA �&^ hð6\� 0.8 M Ti  0.4 M HCl ñ9>

��� Oî� -ò$. �ó' -RIj Oî� 0Ý�� 10fí [9

ô�
 õ bentonite> KöOî� ��A �&c 12fí [9 �&'

ÞD&^ À õ �# �Ë�&c ÷�A �ø
 õ 110oC�� 12f

í ÅZ Ò"&¦W �
 ��!"> Áp# P&^ ùÅÒ"&Ö$.

�0> �""Ò� �� ��� Ti-PILC> ð=# Table 1� [z&Ö

$. Ò"� úû
 2 oC/min> üÝn9� 300oCM� ïïA Ý9#

�ý õ 300oC�� 5fí ÅZ ¥�&Ö$.

�¥8p�> �¦S�� 3Þ&� P&^ Ti-PILC� ��� $%


mn8p� ?@R
 þÿ ��­\� �"&Ö\d, �µ sO� V,

Mn, Cr, Fe, Ni Vzc Cu y> mn8p�R> ¤!�� $%
 ð

=> mn�� sO&Ö$.

2-2. ����� �	
� � 
���� �� ���

  Q!�� �"
 ?@> �¥8p� �¦S� � SO2� >
 ¼

!� ��
 c[â Qn� �� D1��� *k&Öc ¢�
 D1

©�> !�7 "�Ü­
 » y[20]� >� �½ wcU�$. �²�

²"(�(Brooks 5850E)� >� "(� NO 500 ppm, NH3 500 ppm, O2

5% � N2(balance gas)� ����� ��UI ?@� ÷j� c[â

Qn� �� D1�(3/8 inch �é½	 D1F)# Ô7
 õ� 
��\

� �Ó�# ¦� Ü
�$.

SO2� >
 ?@ ¼!� ��
 �
 fí¼� S�¶& te� Ç

]&� P&^ 250oC�� 5,000 ppm> SO2# D1�� �� N�


õ V S�¶& te� FÕ&Ö$. Three zone furnace(Lindberg Inc.)

� >� �IU� D1� ¼åÝ9� ?@â 0&�� Í�� Ý9Î

[�� Î[&Ö\d, ÿ Ý9> ��# 3 oC �¼� ��&Ö$.

c[â Qn� �� D1��� �¥8p� �¦S�
 £D6\�

SCRD1�� ¼å ��¤�> Ée� �f) * +� 0.9�0> effec-

tiveness factor# ��� x\� ��j 20/30 mesh ��> ?@# s

O&^ D1� �ín9 100,000 h−1�� FÕU�$. D1 ¤õ> NO

ñ9� Thermoelectrons> chemiluminescenceNO analyzer(Model 10)#

�O&^ Qn6\� Î[&Ö$.

2-3. ��� ���

2-3-1. Inductively Coupled Plasma(ICP) & Atomic Absorption Spectr

scopy(AAS)

Table 1. Preparation of Ti-PILCs 

Preparation condition
(mmol Ti/clay g)

Bentonite Drying method

Ti-PILC1
Ti-PILC1F
Ti-PILC2
Ti-PILC2F
Ti-PILC3
Ti-PILC3F
Ti-PILC4
Ti-PILC4F
Ti-PILC5
Ti-PILC5F
Ti-PILC-FB

11
11
12
12
15
15
10
10
20
20
10

KNB
KNB
KNB
KNB
KNB
KNB
KNB
KNB
KNB
KNB
FBB.

A
F
A
F
A
F
A
F
A
F
A

-A: Air-dry in oven, F: Freeze-dry by liquid N2
���� �38� �6� 2000� 12�



V2O5/Ti-PILC ������ SCR �� 785
  Q!� sO� �Ø  Ti-PILC> p�6 "� � �"Ü­� �

� "�> Áp� �£> Spectros> ICP-flame-EOP# �O&^ �

Ó&Ö\d,?@> S���] |W�> �Ó
 Perkin-Elmers> PC-

5100 þ�> AAS� >�� Î[&Ö$.

2-3-2. BET 456, ��O6 � �����º

?@> 456
 Micromeriticss> ASAP 2010 þ�� sO&^

î��¥ Ý9(77 K)�� BET Ü­� >&^ Î[&Ö$. 456 Î[

� *k&� ¤� þò f�R� j�&�� 150oC> Ý9� � 10f

í ÅZ Å£&' ¤�z&Ö$. o
, ��O67 �����º(pore

size distribution)� BET Î[7 Å£
 ¤�z "Ò� ¦� õ, 0�

·�� Ápfg5� �Ij �¥ �/ß� yÝ«� |×\� meso-

pore> tu BJH Ü­�, Vzc micropore> tu Horvath-Kawazoe

Ü­� �O&^ !&Ö$.

2-3-3. X-Ray Diffraction(XRD)

  Q!��� bentonite> �[�7 r�r/.� ���� ���

Ç]&� P&^ XRD �Ó� *k&Ö$. XRD� £  Rigakus>

D-Max 1400� �O&Ö\d, ��\�� CuKα(λ=1.5405�)# sO&

^ 2θ=2-45o> �P�� 2o/min> scan n9� Î[&Ö$.

2-3-4. Scanning Electron Microscopy(SEM) & Transmission Electron

Microscopy(TEM)

r�r/.# ���fq ¤õ  Ò"Ü­� �� �0 Áp# FÕ

&� P&^ SEM7 TEM �Ó� *k&Ö$. SEM image� �  �

�> f�# sO&^ Jeols> JSM-840A�� FÕ&Ö\d, TEM

image� Philipss> CM200# sO&^ FÕ&Ö$.

2-3-5. Solid-State Nuclear Magnetic Resonance(NMR) Spectroscopy

  Q!�� sO� �Ø> !"  ��� õ !"> Áp# Ç]&

� P&̂ solid-state27Al MAS NMR Spectroscopy# �O&Ö$. NMR

�Ó
 Brukers> DSX400� sO&^ 13 KHz> spinning frequency

�� *k&Ö\d, 27Al MAS NMR spectra� �
 �À���� Al

(H2O)6
3+# sO&Ö$.

3. � �

  Q!��� �����  r�r/.> ��� Åf� ��� Ti-

PILC> �""Ò� �� �zp�6 ��Áp# FÕ�\�� �> ?

@6 1O��# Ç]&Öc, w$ !�6] 1O�0\� NH3 SCR

D1� �
 D1��� �.wÑ$.

3-1. Ti-PILC� ��

  Q!�� sO
 �Ø  �# �O&^ �"� Ti-PILC> ���

Ç]&� x
 ?@> �""Ò� h6p&c �"
 ?@R> $%


1O�� Ç]&� P&^ @u ¨C&$. sO� bentonite  Ti-PILC

p�6 "�> Áp� Table 2�� ! * +� x�� ��� õ �"

z mn7 �"z ØmnR� #¥�� FÕ) * +�$. �� âí

� vL&� %�ÝR7 ���&c¢ &� ��7> �ÝÞª� >�

� ���� £I$� w^N� x�$. è¼8 �Ø] KNB� FBw

$ %å
 �"z � �"z ØmnR� ���� Ç]) * +�&,

�� KNB� �ÝÞªÂ * +� %�Ý� %å�� >½
$. o


Table 2� bentonite> �P V'( r�r	> )*� 10 mmol �0

] tu�� ��� Ð�� ºpã\�� ��� õ> r�r/.>

�²Áp� ½½�� w^À$.

Bentonite> r�r/. ��� ¤õ !"Áp� 29Si  27Al MAS

NMR spectrometer# �O&^ Ç]) * +�$. Fig. 1
 bentonite 

Ti-PILC> 27Al MAS NMR spectra� 0 ppm��> *�� octahedral

site� +� �é½	(Alo)� Wr¼d, 60 ppm��> *�� tetrahedral

site� +� �é½	(Al t)� Wr+$. Montmorillonite !"� N# �

é� FB> tu ¦> þò �é½	� octahedral site� vL&� D

5�, KNB> tu octahedral site ,- ./� tetrahedral site�9 %

å
 �é½	� vL�� � * +$.��åË   Q!� sO� KNB

� ,*
 montmorillonite� ./� beidellite o� saponite> !"

  ��� x-� � * +$. o
 ��� õ 0�6] Al t/Alo 3�

�' #¥�� � * +�&, �x
 ��� 7[ÅZ tetrahedral site

� +� �é½	� dealuminationã� w^À$. V�W Ò"Ü­�

�� �é½	> !"6 Áp� FÕ) * .�$. �  	
 �é½

	> Áp� bentonite� r�r/.> ���� í�6\� fs&�

x\� �{�$.

Fig. 2� bentonite  Ti-PILC> XRD pattern� w^N� x\� �

��U� /
 KNB> XRD pattern
 FB  
0��� montmorillonite

> ��*�] 7o, 20o, Vzc 35o�� N *�# FÕ) * +�$.

7o [9�� WrW� *�� �Ø> âí¦z] (001) 5� Wr¼�

x\� �� â s�> %�Ý> ð=W ��� ��� Á&� x\�

��� +$[2]. o
 20o  35o [9�� WrW� *�� 2�� 5

] (hk) diffraction� Wr¼� x�$. KNB> (001) 5 *� intensity

� FB� 3&^ @u X
 x� Ç]) * +�&, �� 1� NMR

�7�� Ç]) * +�2 x�� KNB� ,*
 montmorillonite�

�éIj x� ./� *[7 	
 3,�7 long-range â0!"�

0�6\� 6
 saponite o� beidellite� ��� x-� w^N�

x\� SEM� >
 ÿ bentonite> 45 �0FÕ�åË9 Ç]) *

+�$.

o
 Ti-PILC> tu ��� [9� ��� ¤�6\� montmorillonite

> ��*�� #¥�� � * +�$. �A, (001)5> ��*�� �

Table 2. Chemical compositions(wt%) of clays and Ti-PILCs 

KNB FB Ti-PILC4 Ti-PILC-FB

SiO2

Al2O3

MgO
Fe2O3

TiO2

Na2O
CaO
K2O

52.8
19.5
2.17
6.46
ND
5.20
2.24
0.46

58.5
18.4
2.31
3.42
ND
2.53
1.27
0.39

29.7
8.92
1.39
2.89
47.5
0.27
0.28
0.24

34.8
9.14
1.21
1.67
39.4
0.13
0.06
0.21

Fig. 1. 27Al MAS NMR spectra of bentonites and Ti-PILCs.
(a) KNB, (b) Ti-PILC4, (c) FB, (d) Ti-PILC-FB.
HWAHAK KONGHAK Vol. 38, No. 6, December, 2000



786 ���������	
� ��
����
��� r�r/.> %� ê�)*ì X
 {4\� �Å&Ö\d,

bentonite �P V'( r�r	> )*� 20 mmol �0> "Ò��

�"� tu� (001) 5> ��*�� ¦> s�Æ� Ç]) * +�

$. (001) 5 *�> X
 {4\�> �Å
 �Ø> âí¦z� ê�

��,5 (001)5> d-spacing� ê��� Wr¼� x�$. Montmo-

rillonite> ��*�> #¥� 676] â0!"> #¥# Wr¼� x

\� � K0
 	
 "Ò�� �"� tu�9 �8�� Ò"
 tu

w$ ùÅÒ"�\�� w$ 9 K¶&' Wr$� Ç]) * +�&,

�� Ti-PILC â0!"� delaminationã\�� 676] â0!" 

montmorillonite> �[�� :;ã� w^N� x�$. o
 ��


delamination
 ��!"¼� ;�< macropore> T�� Q�Â *

+� x�$.

3-2. NO� ��� �	��

3-2-1. NH3� >
 NO> «¬6 �¦

Fig. 3���   Q!�� �"� Ti-PILC ��  S���> ð=�

�� SCR D1S�� ! * +$. Ti-PILC� 1̈ ²%� Å£&' �

�� $%
 S���R> <þ/. SCR D1S�� FÕ
 �7

Fig. 3(a)�� ! * +� x�� �v� �© u*
 <þ/. SCR

?@� ��j |W}.� �© �
 D1�� wÖ$. ��½.> t

u ¶Ý��� 2
 S�� wÖ\W 300oC �0> cÝ�� <þ/

. 8pD1� w$ S�pfà\�� NO �¦D1> S�#¥� Ã

Q&' FÕU�\d, o
 ��½. ?@� SO2  	
 »p���

�
 ¼!�� @u ç�
 x\� ��� +$[21]. ��� �� »p

��� �¦� "Ò�� ¶Ý SCR ?@��� �Ð�� w�W £D

6] T¤¥  	� $²> »p��� º�&� c[�� 6O&�

P
 SCR ?@�� ¡��� +� x\� �{�$.

o
 |W}. ?@R> ��� �� D1�> Ée� Ç]&� P&

^ Ti-PILC �l� r�r/., �é½W Vzc �=>/.� ���

tu  3Þ
 �7, Fig. 3(b)�� FÕ) * +� x��, Ti-PILC�

��� |W}. ?@� �r ��� 3� �© u*
 D1�� w£

,- ./� 0O V2O5-WO3/TiO2 ?@� 3&^9 3Þ6 2
 NOx

�¦S�� wÖ$. �A, MoO3 o� WO3	
 "?@> ?�� >


h6p� �éI�� /
 ?@-� #Z&5 ;�< SCR ?@��>

V2O5/Ti-PILC> ��� @u 2
 x\� �{�$.

SCR D1�� �
 r�r/.> ��� @7# w$ ��6\�

Ç]&� P&^ 	
 %> r�r/.# bentonite  �z6\� ��


 tu  bentonite� r�r/.# ��
 tu� |W}.# ��&

^ SCR D1S�� V2O5/Ti-PILC ?@  3Þ
 �7, Fig. 3(b)��

Ç]) * +� x�� ���� U� /
 ?@> tu� 	
 %>

r�r/.� vL��9 3!&c D1�� K¶&' AIÆ� � *

+�$. �� ���� r�r/.-> ��
 �zp�6 ��� D1

S��\� áO&� |W}.> 45!"� Ée� ½�� µ¡] x

\� �{�$.

Fig. 4� S���] |W�7 ���� r�r/.> �²� ��

SCR D1S�� w^N�& |W}.� ��U� /
 Ti-PILC> t

u9 400oC �0> Ý9��� hc 50% [9> NO �¦S�� W

rB� � * +$. V�W |W}.� ��ã\�� K¶
 S�ê�

# FÕ) * +�\d, 350oC �&> ¶Ý��� |W�> ��²�

��� �j6\� D1S�� ê��� � * +�$. V�W 5%>

|W�� ��� tu� ¶Ý��> S�ê�w$ NH3 8pD1� >


 cÝ��> S�#¥� ÃQ�� FÕ) * +�& �� ?@0�

D1"Ò� �� h6> |W� �²� vL�� >½
$. o
 ��

�� r�r/.> �²7 SCR D1�7> F_ Ìf 3C6-� Ç

]) * +�$. V�W bentonite �P V'( sO� Ti> )*�

10 mmol �0�� �"� tu�� D1S�� B Ée� N� /°

� � * +�& �� bentonite �P V'( 10 mmol Ti �0> "

Ò�� �"� Ti-PILC> tu Table 2�� ! * +� x�� PILC

� ���Â * +� r�r/.> �²� ºpU�� µ¡\� �{

�$.

3-2-2. H2O  SO2> Ée

Ti-PILC ?@� ��� |W}. ?@> *�7 »p��� �
 É

Fig. 2. XRD patterns of bentonites and Ti-PILCs.
(a) FB, (b) KNB, (c) Ti-PILC2, (d) Ti-PILC4, (e) Ti-PILC5, (f) Ti-
PILC5F.

Fig. 3. Comparison of NO removal activity by NH3 with respect to metal,
(a), and catalyst support, (b).
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e
 Fig. 5�� FÕ) * +$. *�> Ée
 �Ì6\� áO&d,

*��²� 2% �0] tu� *�� NO �¦S�� ½�� Ée�

£[�Æ� Ç]) * +�$. o
 Fig. 5(a)�� ! * +� x��

400oC�0> ÉÌ��� �A� �¥8p�> �¦S�� ê�ã� �

* +�&, �� £D6\� SCR ?@�� ��j x�� *�> É

e� NH3 8pD1� D��\�� NO ª�D1> «¬9� 0�6

\� ¯«U� µ¡] x\� �{�$[22].

NO> «¬6 ?@ ª��[
 ³��´ ¨> »p��� >
 S�

¶&# ¨C&' c��¸ 
$. »p��� �
 SCR ?@> S�¶

&� £D6\� ± ��j x�� ?@� SO2> 8pD1� S�pf

à\�� ��� SO3� NH3 D1&̂ ��� <þ	 »8�(ammonium

sulfate)� ?@> ���!# �¦W ��� æE\�� D1�� ?@

> S� site� �i&� x� �� µ¡] x\� ��� +$[23, 24].

�A, 300oC �&> X
 Ý9��� <þ	 »8�� ��U� /c

?@> 45� F6ã\�� S�¶&� w$ G&' £IWd ��


S�¶& K0� ¯«) * +� Ü­\� ?@> ��!"# "(�

\�� ?@�\� áO&� SO2> 0�6] X
 Ç89# �O) *

+� x\� �{�$.

���   Q!��� Ti-PILC> �© B �G] ��!"# $%&

' "(�\�� SO2� �
 ¼!� Q!# *k&Ö$. Fig. 5(b)��

Ç]) * +� x�� �v> r�r/.� ��� |W}. ?@>

tu @u H� S�#¥ te� w�� D5� Ti-PILC� ��� |

W}. ?@> tu(V/Ti-PILC4) 0O |W}. ?@  3I
 ¼!�

� w-� � * +\d, o
 ùÅÒ"# Ô&^ �"� Ti-PILC� �

�� |W}. ?@> tu(V/Ti-PILC4F) »p��� �
 ¼!�� Ã

Q&' ¯«ã� Ç]) * +�$. �� Table 3�� ! * +� | 

	� Ti-PILC> 2
 34567 ��
 ��!"� >
 x\� �{

Ud, ��åË ��!"> S�¶&� �
 Ée� Ç]) * +�$.

4. 	 


PILC ?@> ¨C
 �� ¨> &W� ?@> !"6, �z6 ��

> �Q�\�, ��]� PILC ?@� �""Ò7 Ü­� ��� $%

Fig. 4. Comparison of NO removal activity by NH3 with respect to vana-
dia loadings, (a), and the amounts of titania pillared, (b).

Fig. 5. Water, (a), and sulfur, (b), tolerances of V2O5/Ti-PILC catalyst
for the reduction of NO by NH3.

Table 3. Physicochemical properties of Ti-PILCs

TiO2(wt%) S.A.(m2/g) Pore vol.(cm3/g)

KNB
Ti-PILC1
Ti-PILC1F
Ti-PILC2
Ti-PILC2F
Ti-PILC3
Ti-PILC3F
Ti-PILC4
Ti-PILC4F
Ti-PILC5
Ti-PILC5F

-
8.5
-

15
-

30.7
-

47.5
-

49.3
-

25.5
-
-

146.2
166.2

-
-

182.2
230.3
169.2
211.1

0.081
-
-

0.169
0.182

-
-

0.228
0.266
0.284
0.341
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?@6 1O�� �� * +$. �A, SCR D1�� ?@> ��!"

  ���º� D1S�,- ./� ?@�7 SO2� �
 ¼!�� E


 Ée� ½�� x\� ��� +$[14, 19]. ���   Q!���

��
 5�� .N �
 ©�� �J Ti-PILC ?@> �z6, !"6

��� Ç]&c ��
 ��7 SCR D1�7> FK�� �.wÑ$.

4-1. Ti-PILC� ���� � �!

Ti-PILC> 34567 ��å* y ?@�"Ü­� �� �z6 �

�> Áp� Table 3�� ± w^Nc +$. ���> ��6] @7�

34567 ��å*� 0(A ê��� � * +\d, o
 ùÅÒ"

# �\�� �8�� Ò"
 xw$ e0� �z6 ��� �Æ� Ç

]) * +�$.��
 Ti-PILC?@> ��
 �z6] ��
 Fig.3(b)

�� ! * +� x�� 	
 %> r�r/.� �z6\� �� o

� ��� tuw$ ���� >�� �"� ?@> SCR D1S��

K¶&' u*
 ��� ÍLUI� * +� x�$.

?@> ��!"� �½ ¾¿� x�� ?@�� �
 ¼!�� E


Ée� ½�$. ���   Q!��� Ti-PILC> �""Ò� >
 �

�!"> Áp# FÕ�\�� SCR D1S� � ?@> ¼!�7>

0FF_# Ç]&Ö$. Fig. 6
 bentonite  Ti-PILC> �, ß� yÝ

«7 �����º# Wr+ x\� r�r/.> ���� �� ��

> þ%7 !"> Áp# FÕ) * +$. r�r/.� ���U�

/
 bentonite� N� microporous ���� w^�� Type I> ��

yÝ«� ��W ���U� r�r/.> %� ê�&c ùÅÒ"#

�\�� ¤�6] �, ß�²� ê�) ,- ./� mesoporous  ma-

croporous
 ���� w^�� Type IV  Type II> �� yÝ« �

�� Á�#� Ç]) * +��&, �� ?@> ��!" ¼� meso-

pore  macropore> T�� >½
$. o
 Fig. 6(a)� ùÅÒ"# �

\�� �, ß�f N2 yÝ«> hysteresis� K¶A #¥�� w^À

$. Hysteresis K0
 ½�
 ��> þ�F 1F\� £IW� x\

� � K0> #¥� ��þ%7 !"> Áp# >½
$. ���7

delamination� >
 ��
 ��!"> Áp� 1� Fig. 3-5�åË F

Õ) * +�2 x�� Ti-PILC_ ?@> SCR D1S� � ¼!��

��6\� Ée� N� �© ̈ C
 ]¢�� �{) * +$.

Ti-PILC� Fig. 6(b)�� ! * +� x�� �¨ o� $¨ ���

��º# �� * +� ,- ./� r�r/.> ��� [9  Ò"

Ü­� ��� ��!"� $%&' "(Â * +$. Bentonite> �P

V'( sO� r�r	> )*� 10 mmolM� �"� Ti-PILC> t

u� ����� 35�[9> á
 mesopore� T��� � * +\

d �P V'( )*� 20 mmol� ê�UI �"� Ti-PILC> tu

�� ����� 35�] ��� w$ B ��\� T��#\�� 55

  200� [9> B mesopore� ;M' ��ã� � * +�$. �

� Ti-PILC �"f r�r/. �²� ê��� ��� ���U� b

&c �z6\� ��UI +� r�r/.� >� ��� ��9 +�

* +\W Fig. 2> XRD �7�� Ç]) * +�2 x�� bentonite

> �P V'( r�r	> )*� 20 mmol� �"� tu â0!"

� :;U5� delaminationU� µ¡\� �{�$.

o
 bentonite> �P V'( sO� r�r	> )*� 107 20

mmol� �"� Ti-PILC# ùÅÒ"�\�� {{ 300�� 500� �

0> ;�< ��� ��ã� Ç]) * +��&, �� Fig. 5(b)��

FÕ) * +�2 ùÅÒ"# Ô&^ �"� Ti-PILC_ ?@� u*


Fig. 6. N2 isotherms and pore size distributions of KNB and Ti-PILCs.
Fig. 7. Surface morphologies of bentonites observed by SEM.

(a) KNB, (b) FB.
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� 0�6\� Ç8¶È> Ée� E� Ê� ?@�R� �
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�\� áO�\�� S�¶&# ÃpfÄ * +� µ¡�$[11, 14, 19].

ùÅÒ"# Ô&^ ��� B mesopore  macroporeR
 Ti-PILC â

> delamination� >� ��� edge-to-faceo� edge-to-edge aggregation

R� >�� ��UIj “house-of-cards” !"�åË �]&� x\�

�{�$.

4-2. Ti-PILC� �"

Fig. 7
 KNB  FB> �0� SEM\� FÕ
 x�$. KNB� N


 O�R� $¥ 3676\� â0!"# ��&c +°� � * +

�\d, FB� KNBw$� @u [P� â0!"� !�UI +°�

Ç]) * +�$. �� Fig. 2> XRD pattern�� w^�� KNB>

(001) 5 �[!"# Wr¼� *�> ��� FBw$ X
 ��  ±

£�
$.

PILC� Ò"Ü­� ��� 0�
 !"6 �G� ��� x\� �

�� +�&, Fig. 8
 �8�� Ò"
 tu  ùÅÒ"
 tu> �

0 ��# Wr¼� SEM7 TEM �Ó �7� �8�� Ò"
 tu

676] �¢�º# w^NW ùÅÒ"# 
 tu� �¢�º� 36

7&d, �� ]&^ B macroporeR� ��U�°� Ç]) * +�

$. �A, ùÅÒ"� Ti-PILC> TEM �7�åË �¢R� ± T�

� �0!"# �Æ� � * +�$. �� 1� �����º�� c

Õ&Ö2 x�� ùÅÒ"� >
 Ti-PILC> âR> delaminationã\

�� ��� edge-to-edgeo� edge-to-face aggregation� >�� “house-

of-cards” !"� ��UI +°� ��6\� w^À$. V�:� Ti-

PILC ?@# ùÅÒ"
 tu Ti-PILC â� delaminationUI ;�<

mesopore  macroporeR� ��U:� 3676] ��!" 

multimodal �����º# �Æ� Ç]) * +�c ��
 !"�

SCR D1� u*
 �Ð� w^À ��� �{UIj$.

5. � �

|W}.� ��� Ti-PILC ?@� NH3 SCR D1�� @u u*


 D1�7 »p��� �
 ¼!�� w^N�c �� r�r/.>

���� >� �9UIj 2
 34567 ��
 ��!"� �]


x�$. �A ùÅÒ"� >�� �"UIj Ti-PILC ?@> tu mac-

ropore� ;M' ��ã\�� micropore  macropore� Åf� vL

&� �¨ o� $¨ �����º# �Æ� � * +��&, ��

Ti-PILC> â0!"� delaminationã\�� ��� “house-of-cards”

!"�åË �9UIÆ� Ç]) * +�$. o
 ùÅÒ"# Ô&^

?@> ��!"# Ápfà\�� SCR D1�� »p��� �
 ?

@ ¼!�� e0fÄ * +�$.
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