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$(E: 1000-324X(2006)04-0953-05xs SiO2 \d0*;�p
�| 
jMXTW�POS�Q U�PVR
(=:�;8F5A?FJ;7FL6E5AM3JHI>K4N9CGD�B< 200237)# �
 5UOH_\fK2�'>Q�X�X:Wn5b�	x�WJ SiO2 �*�(���T1sx7$BrWJ�*w℄sB_7Z�U1 XRD � TG � TEM � FT-IR 8�t"�tb6u%l0:?_x�12_t"8�℄�sBv�_7'!t/%O��WJ12�	��_H_\�DZ
v�_M��vsB{_57B:r__D>�"UOH_\P�0
52%. 1sx7$BrWJ�*��+v SiO2 �<H_\_�lm�D}�P��A Q 2
H_\
Q�X�
�	
sB_7(�7`E
TB383, TQ426 
�)�m
A

1 ��I`℄�gS�6�z�u#233��+�g<�FND�
;23�0(�	�D d5I [1∼6]. (�I`℄6�u#�k�6V�#�nG`N��Xo6
9ÆSRS`n-[N�m+���;�z�6�I`℄23��233X[Æw�9[ÆNDd5I~,1+�`<�u� [7∼9]. GX`n-�=z�I`℄23PX���.��6��.-���mn�q89u#�_-7k�d-� [10,11]. �GXV2ERR�[Y�qR#�b.;�E��u#23
 MCM-41 d�M~�1S/`�	 [12∼14], !k)�R�YÆ[in,E4%9ÆI`℄6
�V�>v�G;9
;�x�C��g 2.0∼3.0nm`z�6�^℄23	V2��~iM��	�UX SiO2 �=I`℄��^Z2tz9%DsM���6YL�+Æ+�
X SiO2 �9I`℄w�6
`tC`8[	
2 ��,8
2.1 D!Ku&N5q��.h5''��hk�TVPI`℄ (Na-MMT) �$;
P�`P�D" (CTAB) �BlP{%D" (TLH) 9x�E�L3�(�I`℄�E#�nG`N��)ER"76ZI`℄`6
 [11]. ("&� Na-MMT GER"��E�g 0.3CEC(CEC g�I`℄`#�nG/�Tig 10−3mol/100g) `
#�|iI`℄x� 2.5% &6/`��.�VGER"�.x,o�L;Æijr�u 50∼ 60◦C )�j 6h Æ�#��#> (w CTAB )yfuq�#�)X�r|�Y�^Z6ERR�`I`℄23 (Cx-MMT).

2.2 yt SiO2 ℄e51+L�kN5''�>~{� 2005–08–01, �3�<>~{�2005–09–23JX�v� �33XK�� (0452nm018); 973 \A
��T (2004CB719501)2%PW� 
�R (1975– ), Z��-���� ��f�}�;�h� E-mail: apchen@ecuest.edu.cn
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954 p Q 1 2 � � 21 Æ>�/n/�;ERR�[��I`℄�|��9n,E4%�|i|�� ($|�)G C16-MMT L;�# 30min, �>_Æn,E4%�V2|��in,E4%B�YÆI`℄6
	4j{o��< 6∼8h, V#��#Cam�&R��X�r|>v�Y��>~� �E�R�[ (CTAB) �YÆ[ (|��) )��^Z'g B. >�/n/'g B _ÆZ0|
x`zz9�L;�.|���`
#� FeCl3:CeCl3:La(NO3)3 ·nH2O g 10.0:5.0:1.6,o� 4h, 2�<�>V�� 6h ^Z`8[ C 'g	�IDF$>`VPI`℄'g℄g A'g	
2.3 �9�k���`8[GtCt# (e>[C#) g 1:8 i`8[GND4vtCJ,o�L;Æ4j{w�`8 4h >���a~4n2��#^Z`tC`86/�)6tC|�`E8`tC�8`z/��<!&m`8[``8?	
2.4 .h5+&

XRD �u3� (	!9)RigaKu D/max-2550VB/PC� X ���Sz� �2�Cu ��
Kα ��M�)j� 40kV, )j9 100mA Æ=a�u (NICOLET !A) � 5SXC �Æ)-=a*k2Æ TG ���u)� (�.9)TGA/SDTA DSC851e ���u2Æ�u#�u3�
(F.D�2q!A9) #&M��4n2ÆÆE�u�Y�j� (JEM-100cx, 	! JEOL !A); `8?�%C9g�a~86/45q (XYD380B, �4:Tgz2qE�!A).

3 UCG�l
3.1 b.SI=�q��� XRD �pr �`�~4n1�x�EF$>H^ H �I`℄9�ERY"�R�[#�nG��`I`℄`6

 d001, u0
& 1. $;
P�`P�D" (CTAB) 9BlP{%D"|ERP^RS�SFVPI`℄|�nG{!` Na+ `RS�)6

\SÆAF H+ `RS�F Na+, H6�EF$)o d001 $�	V2#�nG`�+�6XI`℄6
YÆERP^�X6
h)pERP^`ra�)^>�YÆ,�$^�7�W&*)^I`℄&MAz>��gzC����ER68D;sdC�szX�[\`�#9��2A	L& 1 �f�[ C16-MMT `6

�S�%�[� CTAB nG��`I`℄ C16-MMT ~�YL SiO2 �+�
("	* 1 o	�a-RH:�40OY

Table 1 XRD data of montmorillonites modified by ion exchange

Sample Treatment d001/nm ∆d001/nm∗

Na-MMT Purified 1.2553 0.0000

H-MMT Nitric acid 1.2146 –0.0407

C4-MMT TLH 1.5283 0.2730

C16-MMT CTAB 6.5957 5.3404

∗The increment of d001 based on Na-MMT

3.2 yt SiO2 ℄e1+=�q��
3.2.1 =�q��51,V�I`℄�ER"nG��>�6|���Y�[i,E4%9ÆI`℄6
\}�>v	[ 1 XRD +p �u0&P B �C .�'g�2 550◦C  �E�ERR�Y�[>�
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4 l b�Q�b
WJ SiO2 �*�	��H_\sB_7Z 955IG` d001 �'g 2.82 9 2.68nm, NNSFL℄`6

 1.26nm, f*p(YvI`℄6

$S1AF6\E SiO2 �RÆ�	L[ 2 `=a*k[�s� Si–O–Si b~ko�A
A 'g 1040cm−1 �'��*<1u B 'g 1078cm−1 9 C 'g 1100cm−1, fG�am~x�,�I`℄ IR �u`u0/v [8], &PI`℄6

`\S18g,���Hv	

Z 1 x�WJ12�	&f_ XRD Zj
Fig. 1 XRD patterns of samples

Z 2 x�12�	&f_ FT-IR Zj
Fig. 2 FT-IR spectra of samples

3.2.2 =�q��5_V�"�nL& 2 u0�s�XI`℄6
�
,�6V2tz9JD%DsYL�+>�'g
B 9'g C `��\u 0.25cm3/g 6����`\S1I`℄6

\S`u0	 BET #&MSAL℄ 33.7m2/g $g B ' 362.1m2/g 9 C ' 181.4m2/g, #&MS~�\S�?P�* 2 o	�F6^-g4^T?7ÆTB

Table 2 Pore structure of various MMTs

Pore diameter range Pore volume BET surface area Pore distribution∗

Sample
/nm /cm3

·g−1 /m2
·g−1 /%

A(Na-MMT) 4.35∼2.06 0.06 33.7 29.61

B(Si-MMT) 4.37∼2.05 0.29 362.1 60.00

C(La/Si-MMT) 4.34∼2.08 0.25 181.4 88.05

∗ The most probable pore diameter of these pores is about 2.50nm

Z 3 &f_ TEM dd
Fig. 3 TEM photos of samples

(a) The photo of A (Na-MMT); (b) The photo of C (Silica/MMT modified by nano-particles)



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

956 p Q 1 2 � � 21 Æ
`,�1�E
�e�u#`z���s�,�-|i6
�[=��{yI��16YL��Æ+�.XI`℄6
)Æ�/n`�u#	 C 'g`#&MS�w B 'EP~`{l�f?P2tz9JD`%Ds�)�UX,���q�10�,��`e�	F�#&MS`{lKle'g`w��_�V{M�mn�5"i&Pf~2tz9YL%Dsw,�`�2���iK,x,��~//Q�w�[`�mn�	A A � B � C'g`��.�u�f�YÆ SiO2 >` B � C 'gX 2.0∼3.3nm 
`�EqS`\_�)yI`℄`���.$℄��U|X 2.5nm ��	[ 3 1'g A � C ` TEM `ee�Lee|�fI`℄16�u#Æ C '�2R�YÆ76>�e6P~�B�6
�zE1P~\z�f~//?P,3�~ÆI`℄`6
	W&oGF}�ee|�+AS�`e6$�qg�S`�e6	
3.2.3 �mn�w'g~����u`u0
[ 4, 'g A � B � C �E��"�Jr�pG>`�"2AE'�X 400◦C u`.�"�Jr1`��z|9�[\`>�-KiEI`℄6�

Z 4 &f A � B � C _ TG Zj
Fig. 4 TG curves of samples A, B, C

u#�I`℄6
�
YL�+>�6
`>�[�`�	X 450◦C >�)123$a\$P``E">�iYv23$au#`iE�%�"�Jr`p*jr��F&mI`℄6�u#`�mn�ÆA[ 4�s�'g A � B � C `i��"�rO`p*jr�'g 480 � 540 � 620◦C, 'g B # A "�p*jr�18I`℄6
YÆ,�>��mn�Q�1Æ'g CX�"�Jrp*jrQ�Z 620◦C, �mn�^Z~//gQ��oG�g�)1�UX,��`2tz9%Ds�+,x1,��)6�I`℄`mn�~//Q�	
3.3 �9�k�zw�`8("u0
& 3, A'gw�`8>tCa(��$D-S�o`8?g 29.4%,* 3 6^wr[
/):�o	�4	i�B

Table 3 Results of desulfurization with MMTs modified by nano-particles

Sample Treatment Pore diameter Pore volume/cm3
·g−1 Desulfurized ratio/%

A Purified 1.26 0.06 29.4

B Si 2.82 0.29 57.7

C Fe, La, Ce, Si 2.68 0.25 81.4f?P���ER89tC��6�d`RK�w�ZI`℄L℄��W�[�q8	{
B 'w�[`8?QZ 57.7%, `8>tCAWI��$gq��f18gX�I`℄6
YÆ,>�/�MQ�1^℄`&ME��6/�M,�\So�����9#&MS�E(F�E/nd�`S��ER68D;s�6UD;s`[Æw� [11]. V2�Ux℄JD!9#6V2tz9JDTdYL%Ds�+>��`E�8/` 81.4%, 8gx℄�Tf
w8�EM�`��6YL�+�.X�[&9 SiO2 ���Q�1 C 'w8�[w
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4 l b�Q�b
WJ SiO2 �*�	��H_\sB_7Z 957�`_,	
4 Ul

1. 6 Na-MMT gL3�V2R�Y�iER,S��7Æ Na-MMT 6
���` SiO2�R/�M=�6

�Q�o�m�Æ6/�M�R SiO2 1/~z�u#�~�\S123`#&MS	
2. AF��>` Na-MMT 6
�
1YLz�` SiO2 �%D#�%D!9%DTdYL�+�Q�1w�M���`����Ka��\u 2.00∼3.00nmE(Fw
 )��"S��ER8`[Æw�	
3. 2tz9%DsYL�+wI`℄6
`,�E,x���)��I`℄`�mn�~//Q�	/Z��
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Montmorillonite Assembled with Nano-SiO2-particles for Gasoline

Desulfurization

ZHAO Shao-Yun, CHEN Ai-Ping, LIU Wei, CHEN Xiao-Ping

(Key Laboratory for Untrafine Materials of the Ministry of Education, School of Materials Science and

Engineering ECUST, Shanghai 200237, China)

Abstract: Montmorillonite (MMT) is a natural layer-layer material. The template-directed

method was used to assemble the nano-SiO2-particles within the layers of MMT. And a desulfurizer

for gasoline was developed through loading the transition metal oxide on Si/MMT. The modified

montmorillonite was characterized by XRD, TG, TEM, FT-IR and N2 adsorption-desorption.

The results of gasoline desulfurization show that nano-particle assembled montmorillonite is an

excellent selective adsorbent and its desulfurization ratio is increased by 52% than Na-MMT. The

SiO2 pillared montmorillonite modified with rare earth oxides and transition metal oxides nano-

particles shows an excellent heat-stability.

Key words montmorillonite; template-directed; assemble; gasoline desulfurization


