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o<�℄Y
PSwkd+$zXi1$�kd��ikdP+Qkd'f;
�ikd:L!XI�T������$1
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2
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o�0&d:L
$�0:L MCF[5] � SBA-15[6] � MCM-41[7] z
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5 } 7U,�xÆ�% /PEG � I.3� SiO2 j
8Jl~XeB 11550q��&$f0q0q
jG!� - m��;Xi�ii℄
uqm�4d
�X�Ge2I!�
~�V>	uJ04� SiO2 :L
5�I�&�^�0<xw0	:�℄/��$m�|_℄�&YfCwQ�

2 l�-:
2.1 �d�(I℄/Z}CSG& (TEOS) ��G�Y (PEG, $�Hz 2000) ��& (Starch) ��LGY (EtOH) � N ,N - �wgw%� (DMF) ��LP�<�LzdL
oC~�� TEOS �
H2O � DMF P EtOH �wf�# TEOS:H2O:DMF:EtOH=1:10:0.86:1 tM��$h
mb�G�Y!�dQt�I!��
�
 PEG/TEOS=15/85(wt%). m�2l#Aw�&hvqtMw!��

h�m�Xo 50◦C {-/r�
/r 24h, �X��24I!
 Xo 600◦C ��V> 2h. <xw��z 17mm �1
z 3mm "Z
6$
�<x$NMz
P2KDx(x g*�&KH
 Starch:(TEOS+PEG)=x:100, x=0 � 5 � 10 � 15 � 20 � 25 �
30wt%).

2.2 �d,�<S CRY-2 !B�$�DPWRT-1 !�4�$�D$+�m�&Pm�& / �&wdQ�Æ#B� (DTA, Differential Thermal Analysis) P�4� (TG, Thermogrameter)$��4��g\s�?�I�04:w%2�0UPdj^
�;S ASAP2010 !�>��
.D (BET) ?��04:�0w#*`j�0djP0�$4�;S AutoPore IV9500 V1.0628D?�<xwJ00�$4�6�I JSM-6360LV)b��>�4d<xw�`�w"W�o 80◦C �L
�s 7 fX
<Si|*`jw4�P0�'℄8SH�0:LwL���$ (<xw*`jbLwdj#z 0.07cm−1); �S S53/54�s+|$��
r (UV-Vis

spectrophotometers) ?�|_℄�&YL
C0|_℄wH

2.3 �d7ets5<a}=LA6HaJ[�2l�&KHw<x� 130◦C /rXH�
�X�<x�so�B 10 �wY�

T~|o 24h, �RXS547�*`Y�mH�
4�
HBrTR<x�Y�w
.H
(�s�XY�n
ZX'℄). 0I|_℄H<S 3,5- ��gL9S�?� (I�L|_℄!�z(��
^ 520nm VÆ#$��
�w
�
?�).<�℄YfC�L�o pH=4.6, ~
z 40◦C 7
 1mL <�℄|_℄�&Y�[�7L
 w=2% w�&YC0w|_℄L,H*>z U[11].

3 PCEu^
3.1 8W�d3F0o 1 �2l<xw�4�PB���
Vo+|
<xo 90◦C .�XC2d�w
�'
z�V^
.LPGYZXt�`�Y�
KX�&w<xw4�o 10%"Z
�2K�&w<x4�o 4%. o 170∼220◦C �yR�d�w!�'
�<x
{=vi℄�Pw
PEG $


HW4o 20% "Z
_ P2KD30 wB���+I&q 300∼600◦C �y�XC2�xR5w!�'
�Pw4���ozC�Æ>X 15% "Zw
H{,
�2K�&w<xoz2~
4���g"�M2'
Mdz2!�'�<x
�&:℄$
Y�
/�V��&KHwsv<xozC~
.�w4��~sv
 600◦C �X3<xw�4
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1156 � h 8 J - � 21 "

n 1 ;wv�3�OA���
Fig. 1 TG and DTA curves of the samples

�PB���Æ^Lz
Md2`Xi���G�YP�&g"`�t�
4�<xw�$�	E
<xw�V>~
+�z
600◦C.o 2 �� 600◦C �V>X2l�&KH<xwk�
. - q.z~�P0�$4��
F2<xw
. - q.z~�lF^ IV !z~�
/�X�Ow H3 !�X^
Md<x!X�(�0r [12,13]. Vo+I&R
n P/P0 >0.8 7
k�
.Hd�sv
Md<xw�00rpM�*
0�_�qf�x�5
Os_F2<xw

n 2 gu1k�%JG (a)0%; (b)20% �t;wvj�	- - p-x}�O.�"3��
Fig. 2 N2 absorption-desorption and pore distribution curves of the samples prepared with different

starch contents (a) 0%; (b) 20%0�$4��#�+I&R
�&KHw�,�<x�00!Q�2f
l���0w0�$4m0djXC�wQ�
V��&KHwsv
�00�$4'5
o 3 �S28�?uw�&O&Hz
20% <xw0�$4��
_o
+I&RYu4�<x!XJ0	:
�f0�=$4o 8∼11µm "Z
�0>o 10nm "Z
��0�$4��k

o 4 �)b���<x P2KD20f0"W>�
Vo 4(a)+I&Rf00	$4#�$h�Vo 4(b)+I&R0	�Oe"�f00	�y��[Ejw
f0
?W��0
z<X� n 3 17�>t;w P2KD20 .�"3��

Fig. 3 Pore size distribution of the sample

P2KD20 by mercury porosimetry^�
wRj
OsVo 4 >+I&R<x
f00	f�o 10µm "Z
zb28�?u<xf00�N
g"C�
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5 } 7U,�xÆ�% /PEG � I.3� SiO2 j
8Jl~XeB 1157

n 4 � 600◦C U=W;w P2KD20 v(a��vv
Fig. 4 SEM photographs of the sample P2KD20 treated at 600◦C

3.2 �d3ri|6�o9sPSGK

kd:L'�soL!�

M\�kd:LwL���$XC�=

o 5 �<x P2KD30 o 80◦C L
�s 7 f�X0�'℄P
. - q.��w#�


n 5 n 80◦C K��r 7 e�W;w	-p-��O.�"3��
Fig. 5 N2 absorption-desorption curves and pore distribution of the samples before and after immersed

in water at 80◦C for 7 days_o 5(a) 
+I&R� 80◦C L
�s 7 f�X<x P2KD30 wk�
. - q.��"�g"�O
Md�00�;!ZXd�'℄
Os
_o 5(a) _+I&Ro P/P0 <0.8 7
�s�X N2 o<x
w
.HoYZX'℄
n P/P0 >0.8 7
 N2 
.H%=m�sv
���s�X N2 
.H#�s��XY{,
_o 5(b) +|
�s�X0f��=k
o 30nm "Z
 30nm I�w0o�s�XHH�{
Md 80◦C L�sX� 30nm I�w0VX	8
N
z 30nm 0wHHg"Z'
* 1 M�I�&O&Hz 0% � 10% � 20% �
30% w<xo 80◦C L
�s 7 f�X0	:H�
_*
+I&R
<xw�0z$0�d�sf
��0#*`f*��
	Qo 5 +~
z��sX0�z 30nm I�w0{,qIw
Mdo 80◦C L�s 7 f�<xw��w�0XC�	8
Os�s�X<xw^
P0ÆU'℄R�
zMdo 80◦C L
�s 7 fX�<xwf0Q�2f
o 6 �<x�sGK
i|`j
HW4U
_o
+I&R�i|`jW4w
HV�&wKHwsv�sfm{,
	Qo 5 P* 1 Md�&wO&Hsvb1If0H
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1158 � h 8 J - � 21 "+ 1 �
� 80◦C q�Rb 7 whGUO�oS
Table 1 Pore structure data of the samples before and after immersed in water

at 80◦C for 7 days

Bulk density Porosity Pore volume Specific surface Average pore
Starch content/wt%

/g·cm−3 /% /cm3
·g−1 area/m2

·g−1 diameter/nm

0 (Before immersed) 0.63 69 0.85 598.7 11.0

0 (After immersed ) 0.61 69 – – –

10 (Before immersed) 0.51 63 0.54 246.8 10.6

10 (After immersed ) 0.49 62 0.60 168.4 20.4

20 (Before immersed) 0.43 70 0.72 322.0 11.2

20 (After immersed ) 0.38 73 0.68 313.0 16.2

30 (Before immersed) 0.34 76 0.98 401.5 12.3

30 (After immersed ) 0.32 77 0.35 120.2 26.2

n 6 n 80◦C K��r 7 e�W;wv3���
Fig. 6 Loss weight curve of the samples be-

fore and after immersed in water at 80◦C for

7 days

n 7 1k�%JG;wD+�℄:RWvXeB
Fig. 7 Enzyme activity of the samples with dif-

ferent starch content used continuously up to 5

timesH
L"K	8<x
w�0
n�&KHsvq 20% IX
�0��HH>�{
YI<xi|`jW4w
H%=��
 fW4H2FG 0.0034g·cm−2,  �W4H{�
0.0013g·cm−2, Md	uw�04�<xwL���$�M

3.3 �dA6ets5<a3aJ[o 7 �2l�&KHw<x�G 1 fT~|o
.XE,;S�^wYfC#�o
Y (�dY
n
z 0.1mL/mL) ��;SwYfCz 4922U. _o
+I&R
{O&�&w<xP=YfC
z 5994U, O&�&<xwYfC1^�x
Md�&wO&�0If0��b1IYfC
nO& 30% w�&$q0q
	uw<x
!XfHwf0
YfC>dq 1w 14702U,�{O&�&<xwP=YfCwF��
"96�&wO&H 1z 30%, �Mz�&KH51w<x^
��sf��0U�{
�YfCo�&KHz
25% P 30% '℄2f
Os_o 7 _+I&R�;SC^�Xw<x
U�ZXm^Æ#Y
.
l��^;S7YfC�1^{<�w�dYfC
�q��^;S
<�o<x+wY�*�RC�wYfC
zMd;S4�<x+IR &}Æ#0�Yw�^�S
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5 } 7U,�xÆ�% /PEG � I.3� SiO2 j
8Jl~XeB 1159o 8 �� 80◦C �L�s 7 f�X<x�Y
.Hw#�
_o
+I&R
O&�&$zI0q"If0
X�^b1Yw
.H
�s�X
V^0�$4'u�k

�Yw
.HV�&wO&HsvJ��XASw+1
M\
PS
oL�
w�s/2
�{Yw
.H
o 9 �2l�&KH<xo 80◦C L
�s 7 f�XwYfC
_o
+I&R��G 7 f�sw<x
m� 1 fT~|o
.|_℄�&Y
��C^;SwYfCb�s���C^PS��
6$XY�{
z�MzYH
.G�;0ri6
.w6$Y2jP|��T_�p�YfC��
O&�&<xw �YfCz 6432U, b�dY��;SwYfC 4922U(�dY�n
z 0.1mL/mL) �#
�Xb1
Os
�&O&Hz 10% w<xwYfC'℄�f
_ 11537U b1q 18171U, z�V^<xwYfCb<x
w�0	:PHHX=
�s 7 f;SC^�Xw<x
U�ZXm^Æ#Y
.
lo���'^;S7�*�C�wYfC
zMd<x!XMwL���$
o$Ykd `+IE7y;S


n 8 80◦C K��r 7 e�W1k�%JG;w�Xv	-G
Fig. 8 Enzyme absorption of the samples with dif-

ferent starch contents before and after immersed

in 80◦C water for 7 days

n 9 80◦C K��r 7 e�W1k�%JG;wvXeB
Fig. 9 Enzyme activity of the samples with dif-

ferent starch contents before and after immersed

in 80◦C water for 7 days�+YG
b2vf0q0qw<x�#
!Xf0 / �0J0	:4�:Lo<�|_℄�&Y `
YfC2
��b1
��Y
.H>Rf
g�}oÆC5�Ykd:Lw0�	:PYfCw�[=
�Im\;kd<��Z0�Y `Æ#.&5�

4 P^

1. <S!� - m��
I�G�YP�&$+z�0Pf0wq0q
+I	!R!X�0z$0�z ∼10nm �f00�fz 8∼11µm wJ0	:w4� SiO2 Ykd:L
5���
�&wv&H�<xw^
��0U�0f�XC�Q�
�&v&Hd 30wt%7
+uq �^
z 0.34g·cm−3 � f�0Uz 76% w<x

2. o 80◦C L
�s 7 fX
<xw^
��0UPk�
. - q.��"�g"Z'
 f4�z 0.0034g·cm−2; V^�s;u0�$4'u5vk

 20nm I�w0HH{,

3. �#�dY (n
z 0.1mL/mL, YfCz 4922U) wfC
{O&�&w<xP=YfC
z 5994U, O&�&<xwP=YfC$1^�x
��v&�& 30wt% <xw 1P=YfCz 14702U.Os;SC^�Xw<x
U�ZXm^Æ#Y
.
��^;S7
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1160 � h 8 J - � 21 "YfC�1^{<�w�dYfC
�q��^;S
<�o<x+wY�*�RC�wYfC
z�Md�&wO&b1IYfC
Yu�04d:L>&^YwbE��bPm�S

4. o 80◦C L
�s 7 f�X
<x�Yw
.H$Xb1�<x�C^;SwYfCb{�sGw<x�#
�B2f����&O&Hz 10wt% w<xYfC>V 11537Ub1q 18171U, Md<x+IoL
E7y;S
/Tz�
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Synthesis and Enzyme Activity of SiO2 Monolithic Carrier with

Double-pore Structure by Addition of Starch/PEG

YANG Hong-Bin1, CHEN Qi1, SONG Li1, YE Rei-Fang2, HOU Feng-Zhen1, LU Jian-Ying1

(1. Department of Inorganic Materials, East China University of Science and Technology, Shanghai 200237,

China; 2. Department of Biochemistry Engineering, East China University of Science and Technology,

Shanghai 200237, China)

Abstract: SiO2 monoliths with double-pore structure were successfully synthesized with poly-

ethylene glycol as mesopore-making agent and starch as macropore-making agent via a sol-gel

route. The porous blocks, having mesopores with about 10nm pore size and macropores with

8∼11µm pore size, could be formed from the removal of polyethylene glycol and starch after

heated at 600◦C. The minimal density of the obtained samples was 0.34g·cm−3 and the maximal

porosity was 76%. The original enzyme activity was improved from 5994U to 14702U by adding

30% of starch to the bare SiO2 sample. After immersed in water at 80◦C for 7 days, the enzyme

adsorption of the samples was increased and there was little difference between enzyme activity

before and after immersion. Those results indicated that such double-pore materials with long-

term stability on gluczyme immobilization should be easy to reclamation, reservation and recycle

of enzyme.

Key words double-pore structure; porous monolithic; sol-gel; enzyme carrier


