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(1. (,&0/2'&.�#3 213016; 2. -)%/"+*/1&$/2�-)
300072)� �� Mr"Æ�! NaY vd=�AEG�
r"�AÆ�! NaY/MCM-48. a4 XRD �
SEM � TEM � IR � N2 ��i�? TPD k:~��A4A�,?(~�Sk��A4AiC�~v.�,?�;�;�|2(\��A4A
/�[
"Æ�! MCM-48 ?r" NaY)�-iYq�+�?Q MCM-48 Æ�!� ""tF�"
$[ÆaQ
"Æ�! MCM-48� ��AÆ�!iJ.\�t��+�C�~v.[�� DFT bLy"
Æ0�C℄
_
1.2 ? 3.2nm.T ` A�NaY/MCM-48 �AÆ�!Æ""Æ"
ÆC�~v.ÆJ.��JlV�TB383 ��5{o�A

1 �Æ
Y *��"6`��ZWMEMj�DU/"��zy�jK/\5`Æk?� ��j�H2WMEM�b6Y`z#�y ��Z℄��
`��#f�d0zy j#$E�����j&I*���n&�UEM6/5j
 Mobil &F=Æ��j M41S �DÆ#��" [1∼3], #�y℄��p 1.5∼10.0nm�k�u�\5`�Z℄����#f�-�R
b6Y`zy�jK/�/fR E~�ZEM5GÆEMÆ ��j0D�,�zD��w/���w/Ey= [4]. OTrs#�Æ#��"}B{+�1zZeX5K.�BFJ�\Hw#��1�K/�1j�B6CNRW`�Z��Y℄e j<4/WMEM6�Fe=Æ{Q��j`' [5∼8].Y`%w M41S �D�Hj MCM-41 ��"jBF�	y'�,�b Y *��"jBF�	\y℄G}ju:	u�OT�)` NaY/MCM-41 *�B6CN^ MCM-41 bzSs#6C��j�B6CjBF�h+\���f [9∼17]. %w M41S g!GlHij

MCM-48, �\Z>j�xO5#f}'�1z#f|��(℄℄n&�#\5`\ �R�jN�IN
V℄��WM�	��/jw}�� MCM-48 DX`��\HxK
�#fj MCM-41, b6Y` MCM-48 BF`p�!�BF�	yv�,�zBF�	b Y *
.ju:	u �BF{+C)
�QN)` NaY/MCM-48 �B6Cj}w`�1e}�Pyo�f
}Rwt� 2005–09–16, }B�QRwt�2005–11–19℄e
q� 0f�\WK<
�x<
�� (2003CCA03200)!�_d� 4V+ (1957– ), b�-4�x<	 E-mail: liyx@em.jpu.edu.cn
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1210 � Y 4 A 6 � 21 ��}N NaY��"we>�rzh�e MCM-48jitÆ�Hw|}��MH�0k�BFJ NaY/MCM-48 �B��"
BFBq�9�m���} ��\-sj#f}'

XRD �#}'��� IR )�}3�E^BFj�B6Cd0�\Æ#��" MCM-48 �
Y *
.jZ��b^/d`m`j[%TB�� TPD ��E^��BBqjK/!RÆ#��"jK/℄�}u��,�J�=�/djK/z
D��w/�<}3�N�J�B��"�\C:jD��w/� DFT 
Mz#��1w 1.2 � 3.2nm.

2 z�:L
2.1 �m,KnX�iX'M- (CTAB, AR, $7�{M88a\�&F); �.KL0 (TEOS,

AR, $7�;M%B); NaOH(AR, ���:M8B); �/�D (��� R>8MΩ); NaY 
.
(.M!w 2.4, a�℄8WMaB)

2.2 P\M y�1B"f�B��" NaY/MCM-48 jBF2�
;���-
�l�BF MCM-48 ��"jit�v� 40∼50minIh� NaY ��"�e4v�j 50min I���9�Æ� 110◦CD�Æ�MHw0kI��
o��rhe�B��"h�
�B��"BqÆ NaY �
MCM-48 j!6 (j 3.6/1.0,�>!). �$?.H
�BFR MCM-48. [%TB��"BqwFq
.��" NaY ��� MCM-48 [%=_�h�={!6b�BBq�d

2.3 �u�8�
2.3.1 f	M�^	I
fH��"Bqj��}'^��}�}8wp��28* D MAX/ � -(A)X '�>'K$8w� Cu Kα �'�+9 40mV , +tJ 30mA ,  Z	u 2θ = 1◦ ∼ 30◦.

2.3.2 38pYkM9
BET !)Y\�#�^#��1j8wYW1�U&F*?j NOVA-2000 *�2	���K8w
5W BET a	�8wBqj!)Y� DFT �8w#℄\�#��1


2.3.3 SEMY TEM 8��℄+UY<- Philip &Fj XL30 * Zt	*<�e't	��p<- Philip &Fj TECNAI20 K|$�-

2.3.4 FT-IR8�El,v (FT-IR) )�pg11L &Fj TENSOR 27 *�8FEl,vK$�-�,v	u 4000∼400cm−1, �&NX` 1cm−1.

2.3.5 P\�sE��=|�BBqj)YK/881W NH3 G3+|j�� (NH3-TPD), p^��
K|\�&F TP-5000$�-
)�
�
n}w He, �+|e 550KO 1h, O I} 30mL/min,�Is�7|�2PI	� NH3, 	���Ip7|�O 1h, NIV 300∼773K G3+|�I} 4.73K/min, �dl8j�Jj NH3 ';

2.3.6 P\�sE�v�G�Ej>rBFj�B��"Bqp
DÆ� 1h, b5 XRD !yD�M2�IBqÆ MCM-48
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5 w 3U*�k� NaY/MCM-48 �AÆ�!iAEa(~ 1211}'j�� (211) �Y>'����}j%M+�<z�w/��

3 bUX�n
3.1 XRDM�h 1 wBF�BBqbR MCM-48 Æ#��"p w	uej XRD hv���
�� 2.2 Q?
Yh�N�J�B��"p�#>'	e 2θ = 2.5◦ � 2.9◦ � 4.54◦ � 4.8◦ Mj>'�w MCM-48 Z\j8
kD>'����P�N���BI MCM-48 j 2θ ��dm`p�BFjR MCM-48 Bq (oh 1) j 2θ(2θ = 2.66◦ � 3.08◦ � 4.84◦ � 5.06◦) ��!�nw}mJ�E^BFj�BBqj��7AyR MCM-48 Bq��7A℄�,V\)�J}�Q? NaY/MCM-41 BF5GÆ��BBqjÆ#���7A� d �bRÆ#Bq�!\Qn j�� [14]. NaY/MCM-48 BF5GÆÆ#���V\Y`s#�jYp�9P���J���7Au℄j��
hO�f6Y`s# - Æ#�Y"RQ	�MCM-48 )YUsj./Xb
.�M)YjGlzM�f+F Si-O-Al PB�V�d	��"#}Bj#ho#�Bqp�%5GÆ9Py&�1z#Ihej�B��"Æ#}'3���y℄ [18], �℄hO�\_`�H2=Æ


g 1 �AAp? MCM-48 i XRD gu
Fig. 1 XRD patterns of NaY/MCM-48 and

MCM-48

g 2 �AÆ�!? Si-MCM-48 or"�di XRD gu
Fig. 2 XRD patterns of NaY/MCM-48 and

Si-MCM-48h 2 )^��B��"ps#>'	e�_ 2θ=5.5◦ ∼ 30◦ �kYp Y *
.jZ�>'��� Si-MCM-48 js#	e�>'�
E^�B��"ÆYp Y *
.��"j#f}'
Yh 1 � 2 �N�JBF5GÆd+F�-�j MCM-48, d0P�H\ NaY 
.j}'�BFBqw�# - s#�B��"

3.2 IRM��BBq� MCM-48 b NaY [%TBBqj FT-IR )�}3�h 3 Q3�BFBqjElvhp 1635cm−1 $℄J�y�j	9��R`��"Q	�jD/X}y�p 1230�
1080 � 452cm−1 J�j	9��R` ≡Si–O–Si≡ j�D)P}y�m�}y�|#z6Æ#��" MCM-48 jZ�	9v^
TlhÆPJ�� Y *��"j�DZ�(j}y�
p 1024 � 787 � 716cm−1 j��R`GY℄j)P}y� 574cm−1 Mj(jBO}y
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1212 � Y 4 A 6 � 21 ��
Yh 3 P�N�J��[%TB�/dj6��BBqp 626cm−1 MJ�/dj	9�
|�f6Y`Æ# - s#�YM.�GY℄=/d(j'*jM8O�S��+F&j(jV{.�GY℄�*j��?*&j(j}y	9�


g 3 �AAp?Y$SAApi IR g
Fig. 3 IR spectra of the samples

3.3 FgM�Y Zt	�� NaY�9w}�o:j�Y
.�9 (h 4a), MCM-48 sw%��9�+�/W-� (h 4b). V�BBqj
SEM zo (�h 4c) �N�J� NaY �9��o�b�B��"l+bR Y 
.N^Æ#��" MCM-48 =*C℄
d0P�N�J�pBF5GÆ��f6Æ#��" MCM-48 p NaY �9�k*A
b6bdm`p�BFjR MCM-48 Æ#��"Bq�!��BBqj�9���9�^�n 


g 4 NaY � MCM-48 ?�AApi SEM yn
Fig. 4 SEM photographs of NaY, MCM-48 and NaY/MCM-48

a: NaY; b: MCM-48; c: NaY/MCM-48BFBqje't	 (h 5a) E)^�B��")Y���\� MCM-48(h 5b ) �dj-�#f�E^�B�RNIj6C��\Æ#��"j#fZ��s#��"j>�,V\tNÆ#��"jÆ##f

3.4 \��s��E
hW TPD(G3+|j�) ��BBq�Rs# NaY N^R MCM-48 jK/�-�)�
(�h 6 Q3). =Æ���R MCM-48 �J�H!';Cnj NH3 j���E^R MCM-48Bq)Y��\H�.*jK/z��J�pn|	e�E^TK/zw�Kz
s# NaY��"�\=!^���j NH3 j���)^ NaY ��")Y�\=�.*jK/z��Y`zJ�z
p��y j	e�)3zK/C�
�BIjBqEJ��=!{8jj���E^�BI�Bq)Y�\=�.*jK/z��J�z
!R MCM-48 Bqj
NH3 j��m� |	�d0�Y\^�u℄�E^�BBqj)YK/zK/! MCM-48jK/^�u��K/zu� [18].
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5 w 3U*�k� NaY/MCM-48 �AÆ�!iAEa(~ 1213

g 5 �AAp? MCM-48(111) Xi TEM yn
Fig. 5 TEM photographs of NaY/MCM-48 and MCM-48(111)

a: NaY/MCM-48; b: MCM-48

g 6 �AAp� MCM-48 ? NaY i NH3-

TPD 
�
Fig. 6 NH3-TPD curves of NaY, MCM-48

and NaY/MCM-48

g 7 �AApa MCM-48 i N2 ��i�k{�
Fig. 7 N2 adsorption and desorption

isotherms of the samples

3.5 k
S8�^�v�G�h 7w�B��"�RÆ# MCM-48Bq� 550◦C�% 6hIj N2 	�j�m|�
Yh 7�N�J�z	�.*ws*jÆ#��"j�*	�m|�
pn�9� (p/p0 <0.2),

N2 j	�>N�9j+ �H�/uh�|6Y` N2 p##$�*j`��9	�P{j�N���9:u℄�
 0.2< p/p0 <0.4 0���$��	�>fu�T6 N2 p(juFjÆ#e?*jT
#i�j}3���NI$+QS�|)^ N2 pT
+ej	�Ze��

 p/p0 z� 1 0�RÆ# MCM-48 Bqjm|��J�fk�)3p|#9:�#℄j#�_H�T6Y�9k#�jT
i�qFj�$�j�}�TJBqÆ℄#�w+"�j��8>���BBqj��,V\J�fk�)^BF5GÆ,V\+Fy℄j�9k#��E^h� NaY 
.IBFj�BBq!dm`p�BFjRÆ#Bqj�9��G}:�� Zt	*<ej��H	
h 8 w�R�B��"j#��1h�
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1214 � Y 4 A 6 � 21 �YT��J�BqjÆ#���1p 3.2nm $℄�s#���1p 1.2nm $℄


g 8 �AÆ�!i"
Æ0g
Fig. 8 Pore size distribution curve of

NaY/MCM-48

g 9 �AApo
"�tdi XRD gu
Fig. 9 XRD patterns of NaY/MCM-48BFj�BBq�R MCM-48Bqd0p
DÆ� 1hI�z"�D��<�Ij XRDh�*�h 9 � 10 � 11 Q3
RÆ# MCM-48 Bqp
DÆ� 1h I�zÆ#}'`JoÆR� (�h 11 Q3), E^zD��w/y=
�Yh 9 ���
DÆ� 1h I�BBqj

MCM-48 Æ#}'��o:��6"�YZ��Q�Rj XRD >'��}\&2�s�,�"�YZ��j 2θ � w}
�mJ
�f6Y`D�M25GÆ�Æ#(j\3�R��d	\3/�s�d0�N��9P�d	��7An � 2θ %℄
h 10 s�3��BBqjs#3� XRD >'��}�J�w}`JV\%M�E^pD�M25GÆs#}'`J/=S��EV\��j9P
E^�BIjBqyRÆ#6CjD��w/℄℄\ �BFÆs#�B6C6�#RÆ#��"D��w/jH!\"j
�


g 10 �AApr"�tdi XRD gu
Fig. 10 XRD patterns of NaY/MCM-48

g 11 C�L0~H MCM-48 i XRD gu
Fig. 11 XRD patterns of MCM-48 before and

after hydrothermal treatment#}'��E�3��BBqj##!RÆ# MCM-48 j##G (�BBq� MCM-48Bqj��7A�##�#��#�N^ BET !)Y\jA�!yo) 1), QNzD��w/X`RÆ# MCM-48 ��"
�ob5+FÆ - s#�BBq1Æ#3�jD��w/℄�}\ ��^/S�zÆYpjs#}'�+FX5K.�V�\ ��℄jD��w/
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5 w 3U*�k� NaY/MCM-48 �AÆ�!iAEa(~ 12156 1 NZ�rW MCM-48 C<~2a
Table 1 Comparison of NaY/MCM-48 and MCM-48

Samples 2θ(211) d211/nm a0/nm Pore diameter/nm h/nm SBET/m2
·g−1

NaY/MCM-48 2.5◦ 3.53 8.65 3.16 1.22 1128

MCM-48 2.66◦ 3.32 8.13 3.36 0.95 1527

Calculation formula for pore wall: < h >= (a/3.092) − (Dh/2), in which Dh is the average pore diameter

4 bnb5� MCM-48 itÆh�s# NaY 
.j
��BF NaY/MCM-48 �B��"

XRD �IR�SEM�TEM�TPDN^ N2 	�j���z)^�BFBqÆd8\ MCM-48jÆ#}'^8\ Y *��"js#}'�BFBqw NaY/MCM-48 �B��"
 TPD)�����BIBqj)YK/!R MCM-48 jK/^�u��K/zu�
Tl��B��"bRÆ# MCM-48 ��"�!�D��w/E^�\ 
OT�Æs#�B��" NaY/MCM-48 _~��s#��"RW5GÆY`#�Æ Q^+j��/�^�N�#Æ#��"K/y��D��w/y=j�r�V�Ze�{jX5K.�BFJH�#\RW��j��"6C
;i��
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1216 � Y 4 A 6 � 21 �
Synthesis and Characterization of NaY/MCM-48 Composite

Molecular Sieve

LI Yong-Xin1, ZHANG Yan-Hua2, XUE Bing1

(1. Department of Chemical Engineering, Jiangsu Polytechnic University, Changzhou 213016, China; 2.

School of Material Science and Engineering, Tianjin University, Tianjin 300072, China)

Abstract: A new material NaY/MCM-48 composite molecular sieve was prepared with NaY-

zeolite as the inner core. The synthesized composite sample was characterized by XRD, SEM,

TEM, IR, N2 adsorption/desorption method and TPD. In addition, it’s hydrothermal stability

was studied. The results show that the composite material has the properties of both mesoporous

MCM-48 and the microporous NaY. The composite molecular sieve has thicker pore wall, larger

pore size, stronger acid strength and higher hydrothermal stability than pure mesoporous molecular

sieve MCM-48. The DFT pore diameter is mainly located at 1.2nm and 3.2nm.

Key words NaY/MCM-48 composite molecular sieve; pore wall; pore size; hydrothermal stabil-

ity; acid strength


