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ABSTRACT 

 

Mesoporous silica was synthesized using nonionic surfactant ethylene 

oxide/propylene oxide block copolymers P123 (EO20PO70EO20) and F127 (EO106PO70 

EO106) as templates. Tetraethyl orthosilicate (TEOS) was used as silica source. Various 

factors affect the silica morphologies and silica mesostructures such as molar ratios of 

P123/F127, concentration of hydrochloric acid, kind and concentration of inorganic salts, 

cosurfactant, cosolvent ethanol and hydrothermal treatment time. Silica structures and 

silica morphologies were characterized by x-ray diffraction (XRD), nitrogen adsorption 

analysis and scanning electron microscopy (SEM). The results show that the meso- 

porous radius increased when the molar ratios of P123/F127 increased from 1/9 to 3/7 

but the mesoporous radius decreased when the molar ratios of P123/F127 increased 

from 3/7 to 7/3. The mesoporous radius of mesoporous silica synthesized using 0.3M 

HCl were higher than that synthesized using 0.5M HCl but amorphous silica were 

increased when concentration of HCl decreased from 0.5M to 0.3M. The radius of 

mesoporous silica synthesized by addition of inorganic salts was higher than that 

synthesized without inorganic salts. The radius of mesoporous silica synthesized by 

addition of KCl was higher than that synthesized by addition of Na2SO4. The 

mesoporous radius decreased when the concentration of inorganic salts increased. The 

structural ordering of mesoporous silica synthesized by addition of Na2SO4 was higher 

than that synthesized by addition of KCl and without inorganic salts. The radius of 

mesoporous silica synthesized by addition of sodium dodecyl sulfate (SDS) or cetyltri- 

methyl ammonium bromide (CTAB) were lower than that synthesized without 

cosurfactant. The mesoporous radius, pore volume, mesopore volume and structural 

ordering of mesoporous silica decreased when the malar ratios of SDS (or CTAB)/ 
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(P123+F127) increased but  micropore volume increased. The radius and structural 

ordering of mesoporous silica decreased when the molar ratios of EtOH/H2O increased. 

The mesoporous radious increased when the hydrothermal treatment time increased but 

no effect on the structural ordering. The spherical particles of mesoporous silicates were 

obtained using all molar ratios of EtOH/H2O and all hydrothermal treatment times.  
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��&�+, SDS &�r�����4����5��+����, !"�
�������*4�*,�?��  
          (P123+F127)/SDS ����q

� A5"�e>%�
�������*4�*,�?�� P123/F127=  
          3/7 e>% 0.5M HCl ��� 0.1M Na2SO4 
 3.9     �'[� !"�+� �
F,!�@��D������+,����@��D�����q?��A+�+
� !"�
�&����S�&�'"�F5
�� 
          �+ R+��?��
��&�+, CTAB &�r�����4����5��+����, !"�
�������*4�*,�  
          ?�� (P123+F127)/CTAB ����q

� A5"�e>%�
�������*4�*,�?��        
          P123/F127 = 3/7 e>% 0.5M HCl ���e>% 0.1M Na2SO4 
3.10    ��� volume adsorped (�
� y)  !",!
��	�
&�+",?5[�?��A+�+
� !"�
�&����S� 
         *4�,!
��&�+, SDS &�r�����4����5��+����, !" !"�
�������*4�*,�?��  
         (P123+F127)/SDS ����q

� 
3.11    ��� volume adsorped (�
� y)  !",!
��	�
&�+",?5[�?��A+�+
� !"�
�&����S�    
         *4�,!
��&�+, CTAB &�r�����4����5��+����, !"�
�������*4�*,�?��      
         (P123+F127)/CTAB ����q

� 
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��
���	���� (	
�) 

 
 ����� !" 
3.12    ��� intensity (�
� y)  !",!
��	�
&�+",?5[�?��A+�+
� !"�
�&����S�*4�,!
�� 
         &�+, SDS &�r�����4����5��+����, !"�
�������*4�*,�?�� (P123+F127)      
         /SDS ����q

� 
3.13    ��� intensity (�
� y)  !",!
��	�
&�+",?5[�?��A+�+
� !"�
�&����S�*4�,!
�� 
         &�+, CTAB &�r�����4����5��+����, !"�
�������*4�*,�?�� (P123+F127)   
         /CTAB ����q

� 
3.14    ���,�
,�
�R���S������� d100 ������ rp ?��A+�+
� !"�
�&����S�*4�e>% 
         �
�������*4�*,�?�� P123/F127 = 3/7 e>% 0.5M HCl e>% 0.1M Na2SO4  
         ���&�+, SDS *4�e>%�
�������*4�*,�?�� (P123+F127)/SDS ����q

�  
3.15    ���,�
,�
�R���S������� d100������ rp?��A+�+
� !"�
�&����S�*4�e>% 
         �
�������*4�*,�?�� P123/F127 = 3/7 e>% 0.5M HCl e>% 0.1M Na2SO4    
         ���&�+, CTAB *4�e>%�
�������*4�*,�?�� (P123+F127)/CTAB   
         ����q

�  
3.16    �'[� !"�+� �
F,!�@��D������+,����@��D�����q?��A+�+
� !"�
�&����S�*4�,!
�� 
         &�+, EtOH &�r��
� ����������,  !"�
�������*4�*,�?�� H2O/EtOH     
         ����q

� e>%�
�������*4�*,�?�� P123 /F127 = 3/7 e>% 0.5M HCl ���e>%  
         0.1M Na2SO4  
 3.17   ��� volume adsorped (�
� y)  !",!
��	�
&�+",?5[�?��A+�+
� !"�
�&����S� 
          *4�,!
��&�+, EtOH &�r��
� ����������, !"�
�������*4�*,�?�� H2O/  
          EtOH ����q  
3.18    ��� intensity (�
� y)  !",!
��	�
&�+",?5[�?��A+�+
� !"�
�&����S�*4�,!
�� 
          &�+, EtOH &�r��
� ����������, !"�
�������*4�*,�?�� H2O/EtOH   
          ����q

� 
3.19    ���,�
,�
�R���S������� d100 ������ rp ?��A+�+
� !"�
�&����S�*4�e>%�
���  
         ����*4�*,�?�� P123/F127 = 3/7 e>% 0.5 M HCl e>% 0.1M Na2SO4 ���  
         &�+, EtOH *4�e>%�
�������*4�*,�?�� H2O/EtOH ����q

� 
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��
���	���� (	
�) 

 
 ����� !" 
3.20    �'[� !"�+� �
F,!�@��D������+,����@��D�����q?��A+�+
� !"�
�&����S�*4�e>% 
          �
�������*4�*,� ?�� P123/F127 = 3/7 e>% 0.5M HCl e>% 0.1M Na2SO4   
          ���e>%&���e�
���	����
������ !"�D�S�@,+ 100°C ����q 

� 
3.21    ��� volume adsorped (�
� y)  !",!
��	�
&�+",?5[�?��A+�+
� !"�
�&����S� 
          *4�,!
���	����
������ !"�D�S�@,+ 100°C &�r�&�������q

� 
3.22    ��� intensity (�
� y)  !",!
��	�
&�+",?5[�?��A+�+
� !"�
�&����S�*4�,!
���	 
         ����
������ !"�D�S�@,+ 100°C &�r�&�������q

�  
3.23    ���,�
,�
�R���S������� d100 ������ rp ?��A+�+
� !"�
�&����S�*4�e>%�
���   
          ����*4�*,�?�� P123/F127 = 3/7 e>% 0.5 M HCl e>% 0.1M Na2SO4 *4�   
          e>%&���e�
���	��� �
������ !"�D�S�@,+ 100°C ����q
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��
������������ 

 
 ���
��������
�	 !" 
 1.1  *�����%��*,&�
D�?��	�.�
*����+&,���>�+4 EOnPOmEOn (Soler-Illia et  
             al., 2003)                                        
 1.2  *�����%��?��-,&A��� ��
�, 
 1.3     ?
[����
���
�&����S�A+�+
�*4�&�+",�
[����&,'"�&�+,�S���eS%A+�+
�)�
�� 
"�  
          -4%A+�+
� !"&�r�?���?.� (Guth et al., 2007)                                                                                
 1.4  *�����%���		����q ?��-,&A��� (a) body-centered cubic (bcc),  
          (b) hexagonal, (c) lamellar ��� (d) bicontinuous cubic (Hamley., 2000)                                                        
 1.5  
���
�&����S�A+�+
�*4�e>% P123 (EO20PO70EO20) &�r��,��		 (Kresge et  
             al., 1992)                                 
 1.6  *����+&,���>�+4����q (a) *����+&,����		��
	 (b) *����+&,����		�D�,  
          (c) *����+&,����			�.�
                                                                                            
 1.7     
���
�&����S� EOnPOmEOn 	�.�
*����+&,���                                                         
 1.8     �����
��&�!�
>'"� Pluronic EOnPOmEOn 	�.�
*����+&,��� (Alexandridis  
             et al., 1995)             
 1.9  *,&�
D�?������4����5��+�                                                                                  
 1.10    �����S����*,&�
D�?��-,&A���                                                                              
 1.11    
��&
+4-,&A���?������4����5��+�                                                                       
 1.12    �,	
�+ ��xy�+
��?����������?������4����5��+�                                               
 1.13    
��x !-��.��                                                                                                       
 1.14    
��S���� V0.95     
 1.15    >�+4-�*A& ���,?��
��4@4A
	 
[� 5 >�+4?�� Brunauer-Emmett Teller   
           (BET) (Brunauer et al., 1945)                                                                                                  
1.16 �@��D�?��A+�+
� (Tattershall et al., 2002) 
1.17 
��S���� (P/P0) step isotherm 
1.18 �		)�����
z?���	�

� (www.kmitl.ac.th/sisc/XRD) 
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��
������������ (	
�) 

 
 ���
��������
�	 !" 
 1.19    ��� d(d-spacing), ��� unit cell parameter �������
F,!?������ core ?�� 
         -,&A��� ?��A+�+
� !",!*�����%���		 hexagonal (Soni et al., 2006)        
 3.1     ���,�
,�
�R���S��������
F,!�@��D�?��A+�+
�

	�
�������*4�*,�?��                                                                          
            P123 &,'"�e>%���,&?%,?%� 0.3 ��� 0.5M HCl          
 3.2     
��x��?���
�������*4��[��S�

?�� P123  !",!������
F,!?��-,&A��� !" 
            �D�S�@,+ 40°C (4
4����,�)�
 Chaibundit et al., 2007)                                                                  
3.3     Adsorption isotherms ?��A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?�����,     
         &?%,?%�
�4 HCl ����
�������*4�*,�?�� P123/F127 *4�e>% 0.3M HCl 
3.4     Adsorption isotherms ?��A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?�����,  
         &?%,?%�
�4 HCl ����
�������*4�*,�?�� P123/F127 *4�e>% 0.5M HCl 
3.5     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�,��		&�!��>�+4&4!�� 

(A) A+�+
� !"�
�&����S�*4�e>% P123 (B) A+�+
� !"�
�&����S�*4�e>% F127   
(Chandrasekar et al., 2007)  

3.6     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��     
          P123/F127 = 1/9 ���e>% 0.3 M HCl (a) e>%
���
�?��� 2000 (b) e>%
���
�  
          ?��� 3000 (c) e>%
���
�?��� 4500  
3.7     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��                           
           P123/F127 = 3/7 ���e>% 0.3M HCl (a) e>%
���
�?��� 2000 (b) e>%
���
�    
          ?��� 3000 (c) e>%
���
�?��� 4500  
3.8     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��   
         P123/F127 = 5/5 ���e>% 0.3M HCl (a) e>%
���
�?��� 2000 (b) e>%
���
�     
         ?��� 3000 (c) e>%
���
�?��� 4500  
3.9     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?�� 
         P123/F127 = 7/3 ���e>% 0.3M HCl (a) e>%
���
�?��� 2000 (b) e>%
���
�     
         ?��� 3000 (c) e>%
���
�?��� 4500           
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��
������������ (	
�) 

 
 ���
��������
�	 !" 
3.10    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
         P123/F127 = 1/9 ���e>% 0.5M HCl (a) e>%
���
�?��� 2000 (b) e>%
���
�     
         ?��� 3000 (c) e>%
���
�?��� 4500  
3.11    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
         P123/F127 = 3/7 ���e>% 0.5M HCl (a) e>%
���
�?��� 2000 (b) e>%
���
�     
         ?��� 3000 (c) e>%
���
�?��� 4500  
3.12    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��   
         P123/F127 = 5/5 ���e>% 0.5M HCl (a) e>%
���
�?��� 2000 (b) e>%
���
�     
         ?��� 3000 (c) e>%
���
�?��� 4500  
3.13    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
         P123/F127 = 7/3 ���e>% 0.5M HCl (a) e>%
���
�?��� 2000 (b) e>%
���
�     
         ?��� 3000 (c) e>%
���
�?��� 4500  
3.14    (a) -,&A��� !"&
+4?5[�e��������� !"-,�,!
��&�+,&
�'���+� �!�� (b) -,&A��� 
          !"&
+4?5[�e��������� !",!
��&�+,&
�'���+� �!�� 
3.15    Adsorption isotherms ?��A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?�����, 
         &?%,?%����>�+4?��&
�'���+� �!�� 
3.16    �� XRD ?��A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?�����,&?%,?%����  
         >�+4?��&
�'���+� �!��  
 3.17   ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�  
           ?�� P123/F127 = 3/7 e>% 0.5M HCl ���-,�&�+,&
�'���+� �!�� (a) e>%  
         
���
�?��� 2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500  
3.18   ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�  
           ?�� P123/F127 = 3/7 e>% 0.5M HCl ���&�+, 0.1M Na2SO4 (a) e>%  
         
���
�?��� 2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500  

 
S�%� 
48 
 
 

49 
 
 

50 
 
 

51 
 
 

53 
 

54 
 

55 
 

57 
 
 

58 

 

 



 

                                                                                                                                     (18) 

                                                                                                                                                         

   

 

 

��
������������ (	
�) 

 
 ���
��������
�	 !" 
 3.19    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�  
         ?�� P123/F127 = 3/7 e>% 0.5M HCl ���&�+, 0.5M Na2SO4 (a) e>%  
         
���
�?��� 2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500  
 3.20    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�   
           ?�� P123/F127 = 3/7 e>% 0.5M HCl ���&�+, 0.1M KCl (a) e>%  
         
���
�?��� 2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500  
 3.21    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�   
            ?�� P123/F127 = 3/7 e>% 0.5M HCl ���&�+, 0.5M KCl (a) e>%  
         
���
�?��� 2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500  
 3.22    Adsorption isotherms ?��A+�+
� !"�
�&����S�*4�,!
��&�+, SDS  !"     
             �
�������*4�*,�?�� (P123/F127)/SDS ����q

� 
3.23     Adsorption isotherms ?��A+�+
� !"�
�&����S�*4�,!
��&�+, CTAB  !" 
          �
�������*4�*,�?�� (P123/F127)/CTAB ����q

� 
3.24     �� XRD ?��A+�+
� !"�
�&����S�*4�,!
��&�+, SDS 
3.25     �� XRD ?��A+�+
� !"�
�&����S�*4�,!
��&�+, CTAB 
3.26     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��   
          P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4 ���&�+, SDS             
           !"�
�������*4�*,�?�� (P123+F127)/SDS = 1/1.7 (a) e>%
���
�?���     
          3000 (b) e>%
���
�?��� 4500 (c) e>%
���
�?��� 9000 
3.27     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
          P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4 ���&�+, SDS  
           !"�
�������*4�*,�?�� (P123+F127)/SDS = 1/2.0 (a) e>%
���
�?���     
          3000 (b) e>%
���
�?��� 4500 ��
[� !" 1 (c) e>%
���
�?��� 4500 ��
[� !" 2 
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��
������������ (	
�) 

 
 ���
��������
�	 !" 
3.28     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?�� 
          P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4 ���&�+, SDS  
           !"�
�������*4�*,�?�� (P123+F127)/SDS = 1/2.3 (a) e>%
���
�?���     
          2000 ��
[� !" 1 (b) e>%
���
�?��� 2000 ��
[� !" 2 (c) e>%
���
�?��� 2000 

��
[� !" 3 
3.29     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?�� 
          P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, SDS  
           !"�
�������*4�*,�?�� (P123+F127)/SDS = 1/2.6 (a) e>%
���
�?���   
          2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500  
3.30     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
          P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, SDS  
           !"�
�������*4�*,�?�� (P123+F127)/SDS = 1/2.9 (a) e>%
���
�?���  
          2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500  
 3.31    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
           P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, CTAB  
           !"�
�������*4�*,�?�� (P123+F127)/CTAB = 1/1.7 (a) e>%
���
�?���  
          2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500 
 3.32    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
           P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, CTAB  
           !"�
�������*4�*,�?�� (P123+F127)/CTAB = 1/2.0 (a) e>%
���
�?���  
          2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500 
 3.33    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
           P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, CTAB  
           !"�
�������*4�*,�?�� (P123+F127)/CTAB = 1/2.3 (a) e>%
���
�?���  
          2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500 
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��
������������ (	
�) 

 
 ���
��������
�	 !" 
 3.34    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
           P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, CTAB  
           !"�
�������*4�*,�?�� (P123+F127)/CTAB = 1/2.6 (a) e>%
���
�?���  
          2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500 
 3.35    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
           P123/F127=3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, CTAB  
           !"�
�������*4�*,�?�� (P123+F127)/CTAB = 1/2.9 (a) e>%
���
�?���  
           2000 (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500 
3.36     Adsorption isotherms ?��A+�+
� !"�
�&����S�e���� !" 3.4 *4�,!
��&�+, 
           EtOH  !"�
�������*4�*,�?�� H2O/EtOH ����q 

� 
3.37    �� XRD ?��A+�+
� !"�
�&����S�e���� !" 3.4 *4�,!
��&�+, EtOH  !" 

            �
�������*4�*,�?�� H2O/EtOH ����q 

� 
3.38    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��    

            P123/F127 = 3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, EtOH  !" 
            �
�������*4�*,�?�� H2O/EtOH = 1/1.9 (a) e>%
���
�?��� 2000  
            (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500 
3.39     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  

P123/F127 = 3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, EtOH  !"
�
�������*4�*,�?�� H2O/EtOH = 1/2.2 (a) e>%
���
�?��� 2000 

            (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500 
3.40     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?�� 

P123/F127 = 3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, EtOH  !"
�
�������*4�*,�?�� H2O/EtOH = 1/5.5(a) e>%
���
�?��� 2000 

            (b) e>%
���
�?��� 3000 (c) e>%
���
�?��� 4500 
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��
������������ (	
�) 

 
 ���
��������
�	 !" 
3.41    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?�� 

P123/F127 = 3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���&�+, EtOH  !"
�
�������*4�*,�?�� H2O/EtOH = 1/7.3 (a) e>%
���
�?��� 2000 (b) e>%

���
�?��� 3000 (c) e>%
���
�?��� 4500 

3.42    Adsorption isotherms ?��A+�+
� !"�
�&����S�*4�e>%&���e�
���	��� 
�
������ !"�D�S�@,+ 100°C ����q 

� 

3.43    �� XRD ?��A+�+
� !"�
�&����S�*4�e>%&���e�
���	����
������ !"�D�S�@,+ 
100°C ����q 

�   

3.44    ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?�� 
P123/F127 = 3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4 ���e>%&��� 3 �
� e�

���	����
������ !"�D�S�@,+ 100°C (a) e>%
���
�?��� 2000 (b) e>%

���
�?��� 3000 (c) e>%
���
�?��� 4500  

3.45     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��   
           P123/F127 = 3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���e>%&��� 5 �
� e�  
          
���	����
������ !"�D�S�@,+ 100°C (a) e>%
���
�?��� 2000 (b) e>%    
          
���
�?��� 3000 (c) e>%
���
�?��� 4500 
3.46     ���)�
& ��+� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
          P123/F127 = 3/7 e>% 0.5M HCl &�+, 0.1M Na2SO4���e>%&��� 7 �
�e�  
          
���	����
������ !"�D�S�@,+ 100°C (a) e>%
���
�?��� 2000 (b) e>%            
          
���
�?��� 3000 (c) e>%
���
�?��� 4500 
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��
���	����������� 

 
 ����� !" 
 �1    �,	
�+�'[� !"�+�����
F,!�@��D�?��A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?�� 
        ���,&?%,?%�
�4 HCl ����
�������*4�*,�?�� P123:F127 *4�e>%�
���  
        ����*4�*,�?�� P123:F127  !"��
����

�&�r��,��		 e>% 0.3M HCl  
        (�
������ !"1-4) ��� 0.5M HCl (�
������ !"5-8) 
 �2    �,	
�+�'[� !"�+� �
F,!�@��D������� d-spacing ?��A+�+
� !"�
�&����S�&�'"�F5
�� 
        �+ R+��?�����,&?%,?%� ��� >�+4?��&
�'���+� �!�� A5"�e>%�
�������*4�  
        *,�?�� P123:F127 = 3:7 e>%  0.5 M HCl e>%>�+4������,&?%,?%�?�� 
        &
�'���+� �!�� !"��
����

� 
 �3    �,	
�+�'[� !"�+� �
F,!�@��D������� d-spacing ?��A+�+
� !"�
�&����S�&�'"�F5
�� 
        �+ R+��?�����,&?%,?%�?������4����5��+����, *4�e>%�
�������*4�       
        *,�?�� P123:F127 = 3:7 e>% 0.5 M HCl e>% 0.1M Na2SO4���&�+, CTAB  
         !"�
�������*4�*,�?��(P123+F127):CTAB ����q

�  
 �4    �,	
�+�'[� !"�+� �
F,!�@��D������� d-spacing ?��A+�+
� !"�
�&����S�&�'"�F5
�� 
        �+ R+�����,&?%,?%�?�� ethanol A5"�e>%�
�������*4�*,�?�� P123:F127 =  
        3:7 e>% 0.5 M HCl e>% 0.1M Na2SO4 ���&�+, EtOH  !"�
�������*4�*,�?��  
        H2O:EtOH ����q

� 
 �5    �,	
�+�'[� !"�+� �
F,!�@��D�������d-spacing?��A+�+
� !"�
�&����S�*4�e>% 
        �
�������*4�*,�?�� P123:F127 = 30:70 e>% 0.5 M HCl e>% 0.1M Na2SO4  
        ���e>%&���e�
���	����
������ !"�D�S�@,+100°C ����q

�    
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��
������������������� 

 
 ������
�	������
 
 ?.1     ���4%��S�%�?��&��'"�� surface area analyzer 
 ?.2     ���4%��S�
�?��&��'"�� surface area analyzer 
 ?.3     
��e������4+�
���e�&��'"�� 
 ?.4     ���S�%�)�&,�@&,'"�&��'"��&�+", ����� 
 ?.5     ���S�%�)� New Profile &,'"��%��
����%��*��-x��eS,� 
 ?.6     ���S�%�)� Profile &,'"��%��
���
%-?*��-x��eS,� 
 ?.7     S��4e�����
������>�+4����q ����������
�	?��S��4 
 ?.8     
��>
"��[��S�

S��4e������
��������%�,� ���
%� 
 ?.9     
��& ����
������e��e�S��4e������
������ 
 ?.10    
�����S��4e������
���������

	>D4�D�
������S�
	 outgas 
 ?.11    ���S�%�)� outgas 
 ?.12    ���S�%�)�
���
[�>'"��
������ 
 ?.13    ���S�%�)�
���
[��D�S�@,+e�
�� Outgas 
 ?.14    ���S�%�)�&,�@
���
���+&����S� 
 ?.15    ���S�%�)�?%�,@�?���
������ !" ��
�� Outgas ��%� 
 ?.16    
��& -�*��&)�&S����e�
���+
 
 �.1      Adsorption isotherms ?��A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?�����, 
           &?%,?%�
�4 HCl ����
�������*4�*,�?�� P123:F127 (
)e>% 0.3M HCl 

(?)e>% 0.5M HCl 
 �.2      ��� SEM ?��A+�+
� !"�
�&����S�*4�e>%�
�������*4�*,�?��  
           P123:F12 = 10:90 (
)e>% 0.3M HCl (?)e>% 0.5M HCl 
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������������������� (	
�) 

 
 ������
�	������
 
 �.3     �� XRD ?�� (
) A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?�����,&?%,?%�  

���>�+4?��&
�'���+� �!�� (?) A+�+
� !"�
�&����S�&�'"�F5
���+ R+�����,
&?%,?%�?�� CTAB (�) A+�+
� !"�
�&����S�&�'"�F5
���+ R+�����,&?%,?%�
?�� ethanol (�) A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?��&���e�
���	  

           ����
������ !"�D�S�@,+ 100°C  
 �.4      ��� SEM ?��A+�+
� !"�
�&����S�&�'"�F5
���+ R+��?�����,&?%,?%���� 
           >�+4?��&
�'���+� �!�� (
) �
������ !" 9 A5"�-,�,!
��&�+,&
�'���+� �!��  
           (?) �
������ !"11&�+, 0.5M Na2SO4 (�) �
������ !"13 &�+, 0.5M KCl 
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����
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�������������� ����������� 

APEO 
 
AS 
bcc 
 
 
 
BET 
 
cgc 
 
cmc 
 
CTAB 
 
CuKα 
EO 
EtOH 
fcc 
 
 
 
HCl 
HPLC 
 
KCl 
LAS 

alkylphenol polyethylene glycol 
ether 
sodium alkyl sulphate 
body-centered cubic  
 
 
 
Brunauer-Emmett-Teller 
 
critical gel concentration 
 
critical micelle concentration 
 
cetyltrimethylammonium bromide 
 
copper K alpha 
ethylene oxide  
ethanol 
face-centered cubic  
 
 
 
hydrochloric acid 
high performance liquid 
chromatography 
potassium chlori de 
Alkylbenzenesulphonate 

)*+,-+./0)+12+34)5-+3067+-
,)+)345)89 
1:4;3<=)*+,-+:*+4.>  
1,8?@8AB?53C4DE0@3C4F+3C<=58?
+G7HBI79J+K=3)0LMB,58?
7+=)<GNOP7+B?Q)?+G7HBI79 
1 )0LMB, 
6)1:45)=7B8;G;:*HS0-;
F0TC? 
,NB,UB=4QA=QA0U-7V>Q)?7B8
47-;4P+ 
,NB,UB=4QA=QA0U-7V>Q)?7B8
47-;6=4:++9 
4:5-+6>84=5-+J)=1=403<=
1H86=;9 
,)D4D)894,J)+.B 
4)55-+30))76:;9 
4)55B0)+ 
1,8?@8AB?53C4DE0@34F+3C<=58?
+G7HBI79J+K=3)0LMB,58?
7+= 1 )0LMB,)<GN>8?7+B?
J>N+KF0ABQ)?@3C4F+3C<= 
78;6W1;8,+)8-7 
4,8XC)?J<7Q)?4F+U@=88Y0K
@G?  
12J5@4:3<=,+)68;9 
)*+,-+4H0:-0:*+1.40>  
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��������
� (�
�) 
 
������������   
����
� 

�������������� ����������� 

Na2SO4  
n, m  
Pluronic F127 
 
 
Pluronic P123 
 
 
SAS 
SBA 
SDS 
SEM 
 
TMOS 
TEOS 
TPOS 
TBOS 
XRD  
°C 
cm3/g 
nm 
m2/g 

sodium sulphate  
number of repeating unit  
EO106PO70EO106 
 
 
EO20PO70EO20  
 
 
alkanesulphonate  
Santa Barbara Amorphous  
sodium dodecyl sulfate 
scanning electron microscopy 
 
tetramethyl orthosilicate  
tetraethyl orthosilicate 
tetrapropyl orthosilicate 
tetrabutyl orthosilicate  
X-ray diffraction 
degree Celsius 
centimeter cubic per gram 
nanometer 
meter square per gram 

1:4;3<=:*+4.>    
PgB0U0Q)?F0NU<53C:hgB7*0 
6>8H+i)71,2)+-4=)89Q)?4)5
5-+30))76:;97*H1282-+30))7
6:;9S0-;F0TC?  
6>8H+i)71,2)+-4=)89Q)?4)5
5-+30))76:;97*H1282-+30))7
6:;9S0-;F0TC?  
)*+4,0:*+1.40>  
SXC)>8K7G+F0TC?Q)?:-+-7B 
1:4;3<=1;4;:-+:*+4.> 
7+A)?PL+588I09)-4+i7>8)0JHH
@N)?78B; 
4>>8K4=55-+))1>:-+-47> 
4>>8K4)55-+))1>:-+-47> 
4>>8K1282-+))1>:-+-47> 
4>>8KH-U5-+))1>:-+-47> 
4,8XC)?4+3h<U4H08*?@34)7:9 
)?IB4:+4:3<@ 
+G7HBI794:0>-4=>8>N)78*= 
0B104=>8 
>B8B?4=>8>N)78*=  

  



  1 

 1 

 

 

 
1.1  

 

   

 2-50 nm (  IUPAC)  1��2  Mobile Oil (Kresge 

et al., 1��2)  (cationic surfactant)  cetyltri- 

methyl ammonium bromide ([C16H33N
+(CH3)3] Br-, CTAB)  

 M41S  

   (separation)  (stationary phase) 

 (high performance liquid chromatography, HPLC) (Ma et al., 2003) 

 (catalysts) 

 (James, 2003)  (Shin et al., 

2001)  (Xue et al., 2004) 

 (Bearzotti et al., 2004) -

 dielectric constant  (Yu et al., 2004)  

   (anionic 

surfactant)  sodium dodecyl (lauryl) sulfate (CH3(CH2)11OSO3
- Na+, SDS) 

  

 

  MSU, FDU, JLU, FSM  

KIT  SBA (Santa Barbara Amorphous) 

  SBA  2-30 nm 

 1.5-8 nm  SBA  

 (nonionic surfactant) poly(ethylene oxide-b-propylene oxide-b-ethylene 

oxide) (EOnPOmEOn)   

 Wyandotte Chemicals  1�51 

 Pluronic  EOnPOmEOn 



2

  (hydrophilic part)  poly(ethylene oxide) 

(OCH2CH2)n  EOn  (hydrophobic part)  

poly(propylene oxide)(OCH2CH(CH3))m  POm  m  n  

(repeating unit)  EOnPOmEOn 

 1.1  PEO  poly(ethylene oxide)  PPO  poly(propylene 

oxide)  

 
 
 
 
 

 1.1  EOnPOmEOn 

                                   (Soler-Illia et al., 2003) 

 
SBA-15  SBA-16  SBA  SBA-15 

 hexagonal  SBA-16  cubic  SBA-15

 EO20PO70EO20 (P123)   SBA-16 

 EO106PO70EO106 (F127)   

 

  

 

 (Critical micelle concentration, cmc) 

  2    

(core)    (corona)  

  1.2   

  tetramethyl orthosilicate (TMOS) tetraethyl orthosilicate 

(TEOS) tetrapropyl orthosilicate (TPOS) tetrabutyl orthosilicate (TBOS)  sodium 

meta silicate (Na2SiO3.�H2O)   TEOS   

 TEOS  Si-(OCH2CH3)4 

 



3

 

 

 
 
 
 

 1.2   

 

 1.3 

  1  TEOS 

 

TEOS    

 

 
 

Si-(OCH2CH3)4  +  H2O                           HO-Si-(OCH2CH3)3  +   HOCH2CH3 

 

 TEOS  corona  

 2 

 

 (Critical gel concentration, cgc)  

   m  n  

P123  EO20PO70EO20  n=20  m=70 

 hexagonal  F127  EO106PO70EO106  n=106  m=70 

 face-centered cubic (fcc) 

  body-centered cubic(bcc), bicontinuous cubic  lamellar 

 1.4  3  corona 

 

 

 

 
 

(CH3CH2O)3-Si-OH + HO-Si-(OCH2CH3)3         (CH3CH2O)3-Si-O-Si-(O CH2CH3)3 + H2O 

corona

core



4

 1 TEOS   

corona  

 

 

 

 

 

 

 2  

 

 

 

 

 

 

 

 

 

 3  corona 

  

 
 
 
 
 
 

 
 
 

 1.3   

                          (Guth et al., 2007) 

Adsorption

  Micelle TEOS

Hydrolysis

  F127 

  (Spherical) 
x TEOS 

SBA-15 SBA-16

SBA-3

SBA-16SBA-15

 SBA-3



5

 
 
 
 
 
 
 
 
 
 

 1.4   (a) body-centered cubic (bcc),  

                              (b) hexagonal, (c) lamellar  (d) bicontinuous cubic 

                              (Hamley., 2000) 

 

  (Calcinations) 

 

 

 1.5  

P123   P123 

 cmc  P123   (coil) 

 cmc  P123 

 TEOS 

  

 (cgc) -

 hexagonal 

 corona  

 hexagonal  

 P123   

hexagonal  

(a) (b)

(c) (d)
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C     

 
 1.5  P123 (EO20PO70EO20)  

                                (Kresge et al., 1��2)  

  

 

   

  

  

    

  

 Kim  (Kim et al., 2004)  SBA-16  

F127  P123  F127/P123 = 1/0, 1/0.2, 1/0.4  

1/0.7  TEOS  

 SBA-16   2   

 1  35°C  24 h 

 2  333, 353, 373  403 K 

  EOn  

TEOS/H+
calcination 

C ≥ cgc 

  C ≥ cmc    C < cmc     
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  core  (Voort et al., 

2002)  

( , 2005)  P123  

 F127   cmc  

 

P123  F127   

  

 

poly(ethylene oxide-b-propylene oxide-b-ethylene oxide) (EOnPOmEOn) 

  Pluronic 

P123  Pluronic F127  

P123/F127   

  Na2SO4  KCl  

 (cosurfactant)  CTAB  SDS  

 (cosolvent)  ethanol (EtOH) 

 100°C  

 (scanning electron microscopy, SEM) 

 (surface area analyzer)  (X-ray diffrac- 

tion)  

 

1.2  

 

1.2.1  EOnPOmEOn  

    

(repeating unit)    

 (alternating copolymer) 

  1.6(a) 

(random copolymer) 

 1.6(b)  (block copolymer) 

 

  1.6(c) 
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                     1.6  (a)  

                                          (b)  (c)  

 

 poly(ethylene oxide) (EOn)  poly(propylene 

oxide) (POm)  EOnPOmEOn 

 PO/EO 

    

   

    

EOnPOmEOn  

 anionic polymerization  propylene glycol  initiator  sodium 

 potassium hydroxide  catalyst  propylene oxide (PO)  

 poly(propylene oxide)  ethylene oxide (EO) 

 poly(propylene oxide)  EOnPOmEOn     

 1.7 

 

 

 

 

 

 

 

 

-A-A-A-A-A-B-B-B-B-B-B-A-A-A-A-A 

(c)

-A-B-A-B-A-B-A-B-A-B-A-B-A-B- 

(a) 

-A-A-B-A-B-B-A-A-A-B-B-A-B-A- 

(b) 



�

 1  propylene glycol  initiator  catalyst  

 

 2  propylene oxide (PO)  poly(propylene  oxide) 

 

 

 

 

 

 

 

 

 

 

 

 3  ethylene oxide (EO)  poly(propylene  oxide)  

 

 

 

 1.7  EOnPOmEOn  

2Na+OH
HO

propylene glycol

O-+Na
Na+-O

H
2

Na+-OCHCH
2
(OCHCH

2
)
m-1

OCHCH
2
O(CH

2
CHO)

m-1
CH

2
CHO-Na+

CH
3 CH

3
CH

3
CH

3
CH

3

O-+Na
Na+-O

(2m)CH
3

H
C CH

2

O

Na+-OCHCH
2
(OCHCH

2
)
m-1

OCHCH
2
O(CH

2
CHO)

m-1
CH

2
CHO-Na+

CH
3

CH
3

CH
3

CH
3

CH
3

H
2
C CH

2

O

(2n)

Na+-OCH
2
CH

2
(OCH

2
CH

2
)
n-1

(OCHCH
2
)
m
OCHCH

2
O(CH

2
CHO)

m
(CH

2
CH

2
O)

n-1
CH

2
CH

2
O-Na+

CH
3

CH
3CH

3
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950

1200

1450

1750

2050

2250

2750

3250

3625

4000 P123

F 68

F 88

F 98

F108

F127L122L121

F 38

F 87

F 77

L 35L 31

L 43L 42 L 44

P105L101 P103 P104

P 85

P 75

P 65

P 84

P 94L 92

L 64L 63L 62L 61

L 72

L 81

 EOn  EOnPOmEOn

 P
O

m
 

 E
O

nP
O

m
EO

n 
  

 

 1.8  Pluronic EOnPOmEOn  

                        (Alexandridis et al., 1��5) 

 

Pluronic EOnPOmEOn 

 POm/EOn  1.8 

 POm  EOnPOmEOn  -

 EOn  EOnPOmEOn 

  L 

 liquid  P  paste 

 F  flakes 
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  Pluronic grid (

 1.8)  POm  

 EOn    P123 

 P  paste  12  P123  

12  POm  = 4000   3  

P123  EOn  = 30% 

     

   Pluronic EOnPOmEOn   1.1 

    

 1.1  Pluronic EOnPOmEOn  (Alexandridis et al., 1��5) 

 

copolymer 

 average 

molecular 

weight 

  

EOn wt.% 
melting pour 

point ( °C) 

 

viscositya 

surface tension 

at 0.1%,25°C 

(dyn cm-1). 

L35 

F38 

L43 

L44 

P65 

F68 

P105 

F108 

L122 

P123 

F127 

1�00 

4700 

1850 

2200 

3400 

8400 

6500 

14600 

5000 

5750 

12600 

50 

80 

30 

40 

50 

80 

50 

80 

20 

30 

70 

7 

48 

-1 

16 

27 

52 

35 

57 

20 

31 

56 

375 

260 

310 

440 

180 

1000 

750 

2800 

1750 

350 

3100 

4� 

52 

47 

45 

46 

50 

3� 

41 

33 

34 

41 
a viscosity (Brookfield) (cps; liquids at 25°C, pastes at 60°C, solids at 77°C).   

 

1.2.2  (surfactant) 

 surfactant  surface active agent  

amphiphile  (interface) 

 

 2   (hydrophilic part)  

 (hydrophobic part)   1.�  
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 1.9   

 

 

 

 

  (Micelle) 

  

 

   heterocyclic  aromatic  

 

  4   

1.2.2.1  (Anionic surfactant) 

 hydrophilic   carboxylate, 

sulfate, sulfonate  phosphate   (Alkylbenzenesulphonate, 

LAS)  (Alkanesulphonate,SAS)  (Sodium lauryl 

sulphate,SLS)  (Sodium alkyl sulphate,AS)  

1.2.2.2  (Cationic surfactant) 

 hydrophilic   -

 (Quaternary ammonium)  (Pyridinium)  Hexade- 

cyl trimethyl ammonium bromide, Dodecyl pyridinium iodide  Cetyltrimethylammo- 

nium bromide  

1.2.2.3  (Nonionic surfactant) 

 anionic  cationic 

  polyhydroxyl  

polyether   

(Alkylphenol polyethylene glycol ether, APEO)  

Hydrophobic part
Hydrophillic part
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(Alkyl alcohol polyethyleneglycol ether)  ethylene oxide-propylene oxide-ethylene 

oxide triblock copolymer              

1.2.2.4  (switterionic 

surfactant)  hydrophilic 

 -   (pH>7)  

hydrophilic   (pH<7)  hydrophilic 

  hydrophilic 

 1  

   (Alkylbetaines)  (Alkylsulpho- 

betaines)   

 

 

 

 

 

 

 

 

 1.10  

 

 (cmc) 

  (micelle)  

 aggregation number  

  (electrostatic force)  (hydrophobic force) 

  (repulsion) 

 

  1.10 

 

 (attractive force) 
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  1.11  

 

 

 

 

 

 

 

 

 

 1.11  

 

 

   (osmstic pressure) 

 (turbidity)  (surface tension)   1.12 

  1.12  

Physical property 

Osmotic pressure 

Solubility

Surface tension

Molar conductivity

Light scattering

cmc

Concentration (mol cm-3)
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1.2.3  

    

 

   

  

 

 2   

1.2.3.1  (physical adsorption) 

 (heat of 

adsorption)    

 

  1.2.3.2  (chemical adsorption) 

 

  

 

 1.2  (Bond., 1�87)  

 

 

 (absorbate) 

    

 (adsorbent)  (Reference tube, P0) 

 (Sample tube, P) 

 cm3/g  STP 

 (relative pressure,P/P0)     

 

  

 

   

(-∆Hads) 

(Ea) 

 

 

40-800 kJmol-1 

 

 1  

 

8-20 kJmol-1 

 

 1  
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1.2.4  

  

 3  Freundlich, Langmuir  Brunauer-Emmett-

Teller (BET) 

1.2.4.1  (Freundlich) 

  Freundlich 

  

 ( )  (Adamson 

and Gast, 1��7) 

1.2.4.2  (Langmuir) 

 ( )  

1.  (monolayer adsorption) 

2.    

     

3.  (interaction)  (  2  3  

    ) (Adamson and Gast, 1��7)  

1.2.4.3  Brunauer-Emmett-Teller (BET) (Brunau- 

er et al., 1�38)  BET 

  BET  

  

              (1.1)  

                                                                          

 

 Wm =       

                               
     W   =  P 
    P    =  
    P0   =   
    C    =   
 

)
P
P(

CW
1C

CW
1

1)/P)W((P
1

mm 00

−+=−
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 1.1  P/P0  0.05-0.35 
 

1)P)W((P
1

−−0
  P/P0  

CW
1C

m

−  

 y  
CW

1

m

  

 

                                                          
is

1Wm +=                                    (1.2) 
 

  (total surface area)  1.3 

 

 

                                                     
M

ANW
S csm

t
××=                            (1.3) 

 
 St       

      N       (  6.023 x 10-23) 
      Acs      
      M       
 

 (specific surface area)  1.4 

 

                                              
G
S

S t=                                            (1.4) 
 S         

            G         
 

  -  (t-plot)  1.13 

 1.5 
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2
1

0.034
P
Plog

13.99t



















+
=

0

                                (1.5) 

 

 y  -      

 1.6 

                                    

                             Vmicro = 0.001547 x  y                     (1.6) 

 

 

 

 

 

 

 

 

 

 

 

 

 1.13 -   

 

 (%Vmicro)  1.7  
 

                         100
V
V

%V
pore

micro
micro ×=                                      (1.7) 

 

 

 

 

 

 

Volume Adsorbed

Film Thickness



1�

0

100

200

300

400

500

600

700

0 0.2 0.4 0.6 0.8 1

Vo
lu

m
e 

Ad
so

rp
ed

 c
c/

g 
(S

TP
)

Relative Pressure P/P
0

P/P0 = 0.�5

V0.95

 

  

 

 

 

 

 1.14  V0.95    

 

 (total pore volume, Vpore)  1.8 
 

                                 Vpore = V0.�5 x 0.001547                             (1.8) 

 

 Vpore          
 V0.�5           P/P0 = 0.�5 

 

 V0.�5  adsorption isotherms  

1.14  x   P/P0 = 0.�5  adsorption 

isotherms  y   V0.�5        
 

 (mesopore volume, Vmeso) 1.� 
 

                                          Vpore = Vmeso + Vmicro                                  (1.�) 
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 Brunauer-Emmett-Teller (BET) - 

 5   1.15 

 W  Volume Adsorped cc/g (STP) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1.15  5  Brunauer-Emmett    

Teller (BET) (Brunauer et al., 1�45) 

 

 

 

W

0                P/P0            1

type 5

W

0                P/P0            1

type 4W

0                P/P0            1

type 3

W

0                P/P0            1

type 2W

0                P/P0            1

type 1
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 1    

 5   1   

   2   

3    

 4   5 

 3  

 

1.2.5  

  3  IUPAC  

1.  (micropore)  2 nm 

2.  (mesopore)  2-50 nm 

3.  (macropore)  50 nm 

 

1.2.6  (mesoporous radius)  

  1.10 

 

rp = rk +t    (1.10) 
 

  rp       (mesoporous radius) 

        t         (wall thickness)  1.11 

        rk       (core)   (Kelvin equa- 

tion)  1.12 

 

 

 

 

 

 

 

 

 

 1.16  (Tattershall et al., 2002) 

t

rk

rp
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0.3968

P
Plog0.03071

60.650.1t




























−
=

0

        (1.11) 

 
 

                                                                                        
                                                         (1.12) 

 
 

 

      γ        (surface tension of nitrogen) = 8.855 mlN.m-1  

             VL        (molar volume) = 34.6 cm3 mol-1 
             R         (gas constant) = 8.31 Nm K-1mol-1 

           T         (boiling point of N2) = 77.3 K 
           P/P0       (step isotherm) 

 

 (P/P0)step  adsorption isotherms  

1.17  A  B  

 A  B  C  x  (P/P0)step 

  P/P0  1.11  1.12 

 

1.2.7  (The Bragg equation) 

  W.H.Bragg  W.L.Bragg  

 (layer)    (plane)   

     

 (path difference) 

   1.18  

   

 

 





























−=

0P
PRTln

LV2
kr

γ
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 1.17  (P/P0) step isotherm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1.18  (www.kmitl.ac.th/sisc/XRD)  

0 0.2 0.4 0.6 0.8 1
0

100

200

300

400

500

Vo
lu

m
e 

Ad
so

rp
ed

 c
c/

g 
(S

TP
)

Relative Pressure P/P
0

A

B

C
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                                                 nλ = 2dsinθ                                              (1.13) 
 

 λ  , n , θ 

, d(d-spacing) 

 1.1�  d(d-spacing)  a 

 unit cell parameter  R  core  

 hexagonal   

 

 

 

 

 

 

 

 

 

 

 1.19  d(d-spacing),  unit cell parameter  core  

                            hexagonal (Soni et al., 2006)   

 

1.3  

 

Li  (2000)  F127 

 SDS   Light Scattering 

 SDS/F127  0/1-0.125/1 

  SDS/F127  0.125/1-2.5/1 
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Zhao  (2000) - 

  P123 

   (cosurfactant)  CTAB  (cosol- 

vent)  N,N-dimethyl formamide (DMF)   Na2SO4  MgSO4  

  (micrometer-sized hard sphere-like)

 (fiber-like)  (doughnut-like)  

 tetramethoxysilane (TMOS)  

 100 µm  1 µm 

 DMF   

 �.� nm  1.45 cm3/g   

 CTAB -

 

Yamada  (2002)  SBA-15  SBA-16  

P123  F127  

 (Ts)  30-60°C  TEOS   

 1TEOS/0.017P123(  0.0034F127)/5.7HCl/1�3H2O 

 XRD, TEM  nitrogen adsorption-desorption isotherm 

  Rc~(Ts-Tc)0.2  

Rc  core  Ts  

 Tc   

 (n)  (m)  

EOnPOmEOn  Tc   Tc  P123 

 13.75°C  P123  4.�1 mM  Tc  F127  

23.55°C  F127  0.�8 mM -

  EO-block 

  core  core -

 core 

  SBA-15   Rc~(Ts-Tc)0.2  SBA-16 

  SBA-15  

SBA-16  SBA-16  cubic  three dimension 
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Mesa  (2003) 

 3 µm  5-10 

nm  HPLC  P123  CTAB 

 TEOS   2    1  40°C 

 �0°C  3-5   2  40°C  2   

2  �0°C  4  

    

 3 µm     

 5-10 nm  (1)  H2O/TEOS 

 245 (2)  HCl/H2O  0.014 (3) 

(�5°C) (4)  1  

Kim  (2004) 

 SBA-16  P123  F127  

 P123/F127  4  0g/0.0040g, 0.00084g/0.0038g, 

0.0016g/0.0037g  0.0025g/0.0034 g  TEOS  

 2M HCl  35°C  24 h 

 100°C  24 h 

 body-centered cubic (bcc) 

 P123  

  

  3  P123/F127 = 0.0016 g/0.0037 g 

 2  60, 80  130°C  

 

 2  100°C 

 1, 3, 12, 72  168 h 

  P123/F127 

 

Yu  (2004)  

   

 P123  38°C  P123/KCl/2.0M HCl/H2O/TEOS 

= 0.02/1.5/6/166/1  (fiber-
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like)  

 (rod-like)   

20, 30 , 38  40°C  

 20-38°C  

 P123/KCl/2 M HCl/TEOS = 2/2.2/60/4.2 

 silica/P123 = 4.2/2  6.3/2 

 (spherical) 

 2M HCl  0.5M HCl  

 ionic  strength  KCl  

 Na2SO4  K2SO4  

 (induction time)    

 ionic strength   

 P123/KCl/2M HCl/H2O/TEOS = 0.02/1.5 

/6/166/1  45, 38, 30  20°C   �, 15, 24  35 min  

 

     ionic 

strength  

  

   (2005)  

P123  F127  P123/F127  1/�, 

3/7, 5/5, 7/3  �/1  TEOS   2   KCl 

 Na2SO4  2  0.15M  

Na2SO4   

  P123  

 HCl   HCl  

2M  0.6M   

Fulvio  (2005)  SBA-15  P123 

 Na2SiO3.�H2O  TEOS  

SBA-15  2 

 TEOS  sodium metasilicate 

  Na2SiO3.�H2O 

 (pore wall)  
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 24 h  2 h  SBA-15  

 24 h 

Kang  (2005)  SBA-15  P123 

 4   TMOS, TEOS, TPOS  TBOS 

 4  alkoxide  TMOS/ 

P123/H2O=0.07/1�7.2/6.1  TEOS, TPOS  TBOS  

 TMOS  TM-SBA-15  TEOS, TPOS 

 TBOS  TE-SBA-15, TP-SBA-15  TB-SBA-15   

XRD, SEM  TEM  TM-SBA-15, TE-SBA-15  TP-SBA-15  

hexagonal  TB-SBA-15   

TB-SBA-15  TM-SBA-15, TE-SBA-15  TP-SBA-15 

 TBOS  

 TB-SBA-15 

 TM-SBA-15, TE-SBA-15  TP-SBA-15 

 

Chen  (2005)  

nonionic block copolymer P123 (EO20PO70EO20)  anionic sodium dodecyl sulfate 

SDS  

 XRD, TEM  N2sorption 

 bicontinuous cubic   (  770 m2/g) 

 (  1.5 cm3/g)  (  10 

nm)  SDS/P123  2.1-2.5  

 P123  40-75  

 cell parameter 

 

  

 Na2SO4  

 

Ganguly  (2006) 

 P123  SDS  small-angle neutron scattering 

(SANS)   P123  

SDS 



2�

 SDS   

SDS  SDS   

 

Zhang  (2006)  SBA-

15  P123 (EO20 PO70 EO20) 

 cetyltrimethyl ammonium bromide, CTAB  P123/CTAB 

 1/0, 1/1, 1/2, 1/3  1/4  NH4F  NH4F  

 0.00  0.03  KCl  1M, 2M  3M 

 XRD, N2 sorption  TEM  CTAB   

SBA-15  8.4� nm  4.78 nm  

 NH4F   

KCl  

Chaibundit  (2007) 

 P123  F127  40°C  

P123  0, 0.48, 0.68, 0.83  1  Light Scattering 

 P123  0  0.48  12.5 nm 

 14.6 nm  P123  0.48-1 

 14.6 nm  8.6 nm   

 

1.4      

       

1.  

  P123  F127 

 

2.    

(cosurfactant)   (cosolvent) 

  

3.

 (scanning electron microscopy, SEM)  

(surface area analyzer)  (X-ray diffraction, XRD)  
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1.5  

 

1.

  P123  F127  

   (cosurfactant) 

  (cosolvent)  

2.

 (scanning electron microscopy, SEM)  (surface 

area analyzer)  
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 2 
 

   
 
2.1  
 
 2.1.1  

 3   
-   

   Pluronics P123 (Mw=5750)  
�LDRICH  Pluronics F127 (Mw=12600)  SIGM�  

-   cetyltrimethylammonium bromide 
(C��B, �ssay > 98%)  Fluka  

-   sodium dodecyl sulfate (SDS, �ssay 
> 98%)  Fluka  

 
 2.1.2  (silica source) 

- �etraethyl orthosilicate (�EOS, �ssay ≥ 99.0%)  
Fluka  

 
2.1.3  

-  (Potassium chloride;KCl,�.R.) 
Univar 

-  (Sodium sulphate;Na2SO4,�.R.)  
Univar  

  
2.1.4   

-  (Hydrochloric acid;HCl,�.R.,37%)  Lab-Scan    
-  (Ethanol;EtOH,�.R.,99.7-100%)  BDH Laboratory  
-  
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2.2  
 -  
 - Hot plate 
 -  (Memmert�M) 
 -  
 -  (crucible) 
 -  
 -  4  (Mettler �oledo�M�B204) 

-  (Mate Sci 1,250°C)   
 -  (X-ray diffraction/XRD) (Bruker�M D8discover) 

-  (Scanning electron microscopy;SEM)   
(JEOL�M JSM-5800LV) 

 -  (Surface area analyzer) (Coulter�M S� 3100 Software  
Version 2.13) 

 
2.3  

2.3.1  (P123  F127)  (Na2SO4  KCl) 
 (SDS  C��B)  2.1-2.6 

 13 g  0.3M HCl ( 1-4)  0.5M HCl (  5-30) 
30 g  (  24-27)  EtOH 

 2.5  
2.3.2  �EOS  �EOS/(P123+F127) = 4/1 

 15 min    
2.3.3  35°C  24 h 

 100°C  24 h 
 (  28-30)  100°C  
 2.6  

2.3.4 
 24 h  

2.3.5  40°C  24 h 
 550°C  6 h  2°C/min 
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2.4  
 

2.4.1  (scanning electron 
microscopy; SEM)   
    JSM-5800LV  JEOL 

 
  

 10 kV 
  

2.4.2  (N2 adsorption analysis)  
  S�3100  Coulter 

 
 0.04 g  (degas)  150°C  1 h 

 (   
)  

(dewar)
  

    
  
 

2.4.3  (x-ray diffraction; XRD)  
    D8discover  Bruker 

  CuKα  
(λ) = 0.154 nm  

 2θ  0.3°  5°  
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2.5  
 

2.5.1  
P123/F127    

 P123/F127 
 HCl  P123  F127  
 P123/F127 = 1/9, 3/7, 5/5  7/3  0.3M HCl (  1-4)  0.5M HCl 

(  5-8)  0.3M Na2SO4  �EOS/( P123+F127) = 4/1  
  

 2.1        
                   P123/F127  HCl  
Sample

No. 
Molar ratio 
P123/F127

P123 
(g) 

F127 
(g) 

Na2SO4

(g) 
H2O 
(g) 

0.3M 
HCl 
(g) 

0.5M 
HCl 
(g) 

�EOS 
(g) 

1 
2 
3 
4 

1/9 
3/7 
5/5 
7/3  

0.058 
0.174 
0.290 
0.406 

1.134 
0.882 
0.630 
0.378 

1.818 
1.818 
1.818 
1.818 

13 
13 
13 
13 

30 
30 
30 
30 

- 
- 
- 
- 

4.769 
4.224 
3.680 
3.136 

5 
6 
7 
8 

1/9 
3/7 
5/5 
7/3 

0.058 
0.174 
0.290 
0.406 

1.134 
0.882 
0.630 
0.378 

1.818 
1.818 
1.818 
1.818 

13 
13 
13 
13 

- 
- 
- 
- 

30 
30 
30 
30 

4.769 
4.224 
3.680 
3.136 

 
 
2.5.2        

 

 P123  F127   P123/F127 = 
3/7  0.5M HCl  0.1M Na2SO4 (  10) 0.5M Na2SO4 (  11) 0.1M KCl 
(  12)  0.5M KCl (  13)  �EOS/(P123+ 
F127) = 4/1  
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 2.2  
 

Sample 
No. 

Kind and 
concentration  
of inorganic 

salts 

P123 
(g) 

F127 
(g) 

KCl 
(g) 

Na2SO4 
(g) 

0.5M 
HCl 
(g) 

�EOS 
(g) 

9 - 0.174 0.882 - - 30 4.224 
10 
11 

0.1M Na2SO4 
0.5M Na2SO4 

0.174 
0.174 

0.882 
0.882 

- 
- 

0.602 
3.014 

30 
30 

4.224 
4.224 

12 
13 

0.1M KCl 
0.5M KCl 

0.174 
0.174 

0.882 
0.882 

0.316 
1.582 

- 
- 

30 
30 

4.224 
4.224 

 
 
2.5.3 

  
 (cosurfactant) 

  P123  F127   P123/F127 = 3/7  
0.5M HCl, 0.1M Na2SO4  SDS (  14-18)  C��B 
(  19-23)  (P123+F127)/cosurfactant  

 2.3-2.4  �EOS/(P123+F127) = 4/1   
 

 2.3   
 SDS  

Sample
No. 

Molar ratio 
(P123+F127) / 

SDS 

P123 
(g) 

F127 
(g) 

SDS 
(g) 

Na2SO4

(g) 
H2O
(g) 

0.5M 
HCl 
(g) 

�EOS
(g) 

14 
15 
16 
17 
18 

1/1.7 
1/2.0 
1/2.3 
1/2.6 
1/2.9 

0.174
0.174
0.174
0.174
0.174

0.882
0.882
0.882
0.882
0.882

0.0489
0.0576
0.0662
0.0748
0.0835

0.6029 
0.6029 
0.6029 
0.6029 
0.6029 

13 
13 
13 
13 
13 

30 
30 
30 
30 
30 

4.224 
4.224 
4.224 
4.224 
4.224 
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 2.4  
 C��B  

Sample
No. 

Molar ratio 
(P123+F127) / 

C��B 

P123 
(g) 

F127 
(g) 

C��B 
(g) 

Na2SO4

(g) 
H2O
(g) 

0.5M 
HCl 
(g) 

�EOS 
(g) 

19 
20 
21 
22 
23 

1/1.7 
1/2.0 
1/2.3 
1/2.6 
1/2.9 

0.174 
0.174 
0.174 
0.174 
0.174 

0.882
0.882
0.882
0.882
0.882

0.0618
0.0728
0.0837
0.0946
0.1055

0.6029 
0.6029 
0.6029 
0.6029 
0.6029 

13 
13 
13 
13 
13 

30 
30 
30 
30 
30 

4.224 
4.224 
4.224 
4.224 
4.224 

  
 

2.5.4 
  

 (cosolvent) 
 P123  F127   P123/F127 = 3/7  0.5M HCl, 

0.1M Na2SO4  cosolvent  ethanol  H2O/EtOH  
 2.5  �EOS/(P123+F127) = 4/1   

 
 2.5  

 EtOH  
Sample

No. 
Molar ratio 
H2O/EtOH  

P123 
(g) 

F127 
(g) 

EtOH 
(g) 

Na2SO4

(g) 
H2O 
(g) 

0.5M HCl
(g) 

�EOS
(g) 

24 
25 
26 
27 

1/1.9 
1/2.2 
1/5.5 
1/7.3 

0.174 
0.174 
0.174 
0.174 

0.882 
0.882 
0.882 
0.882 

2.105 
4.092 
6.072 
8.066 

0.6029 
0.6029 
0.6029 
0.6029 

13 
13 
13 
13 

30 
30 
30 
30 

4.224 
4.224 
4.224 
4.224 
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2.5.5 
 100°°°°C  

 100°C 
  P123  F127   P123/F127 

= 3/7  0.5M HCl, 0.1M Na2SO4  �EOS/(P123+F127) = 4/1 
 100°C    2.6 

 
 2.6  

 100°C  
Sample

No. 
 �ime for 

heat 
(days) 

P123 
(g) 

F127 
(g) 

Na2SO4 
(g) 

H2O 
(g) 

0.5M HCl 
(g) 

�EOS 
(g) 

28 
29 
30 

3 
5 
7 

0.174 
0.174 
0.174 

0.882 
0.882 
0.882 

0.6029 
0.6029 
0.6029 

13 
13 
13 

30 
30 
30 

4.224 
4.224 
4.224 
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 3 
 

 

 
3.1  P123/F127  HCl 
 

   3.1  1-8 

 P123  F127   P123/F127 = 

1/9, 3/7, 5/5  7/3  0.3M HCl (  1-4)  0.5M HCl (  5-8)  0.3M 

Na2SO4  TEOS/(P123+F127) = 4/1 

 3.1 

  (Vmicro)  1.6 
 (%Vmicro)  1.7  (Vmeso) 

 1.9  (Vpore)  

P/P0 = 0.95  1.8  (rp) 
 (core)  1.10 

 

 (molar 

ratio)  P123/F127  1/9, 3/7, 5/5  7/3  (mole frac- 

tion)  P123  0.1, 0.3, 0.5  0.7  

 0.3M HCl  0.5M HCl  P123 

 0.1  0.3  P123 

 0.3  0.7  

  P123 

 HCl   0.3M HCl 

 0.5M HCl (  3.1) 

 -
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3

3.5

4

4.5

0 0.2 0.4 0.6 0.8 1

mole fraction of P123

rp(nm) 0.3M HCl

0.5M HCl

 3.1  

 P123/F127   0.3M HCl ( 1-

4)  0.5M HCl (  5-8) 

Sample

No. 

 Molar ratio 

P123/F127 

Aa 

(m2/g) 

Vmicro
� 

(cm3/g) 

Vmeso
c 

(cm3/g) 

Vpore
d 

(cm3/g) 

(P/P0)step
e rpf 

(nm) 

1 

2 

3 

4 

1/9 

3/7 

5/5 

7/3 

604 

758 

958 

539 

0.11 

0.13 

0.13 

0.11 

0.33 

0.49 

0.62 

0.31 

0.45 

0.63 

0.75 

0.43 

0.67 

0.75 

0.71 

0.70 

3.75 

4.38 

3.97 

3.70 

5 

6 

7 

8 

1/9 

3/7 

5/5 

7/3 

778 

861 

651 

626 

0.16 

0.15 

0.10 

0.09 

0.44 

0.46 

0.40 

0.36 

0.61 

0.61 

0.50 

0.46 

0.70 

0.71 

0.70 

0.67 

3.70 

3.86 

3.79 

3.40 
a  �  c  d  
e  f  

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 3.1                          

                               P123  0.3  0.5M HCl 
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  mole fraction of P123

8

9

10

11

12

13

14

15

0 0.2 0.4 0.6 0.8 1

rh(nm)

 2004  Kim  (Kim et al., 2004) 

 SBA-16  P123  F127  

 P123  0, 1/4, 3/6  4/7  

P123  0, 0.25, 0.5  0.57   TEOS 

 2M HCl  35°C  24 h 

 100°C  24 h  P123 

  

 P123  0.1-0.3   P123 

 

 Chai�undit  (Chai�undit et al., 2007) 

 P123  F127  

40°C  P123  0, 0.48, 0.68, 0.83  1 

 P123  0  0.48  12.5 nm 

 14.6 nm  P123  0.48-1 

 14.6 nm  8.6 nm  3.2 

 Chai�undit 

  P123  

(  3.1)   

  

 

 

 

 

 

 

 

 

 

 

 
 3.2  P123  

                                40°C (  Chai�undit et al., 2007)  
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0 0.2 0.4 0.6 0.8 1
0

100
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300

400
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700
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m
e 
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c/

g 
(S

TP
) (

a.
u.

)

Relative Pressure P/P
0

7/3

 5/5

3/7

1/9

0.3 M HCl

molar ratio of P123/F127

 adsorption isotherms  3.1   

 4   3.3 

 adsorption isotherms  1-4  0.3M 

HCl  P123/F127  1/9, 3/7, 5/5  7/3  

  2-4  volume adsorped (  

y)  3.2   relative pressure P/P0 

(  x)  

  

 3.2  volume adsorped (  y) 

0.3M HCl ( 1-4)  P123/F127  

Sample No. Molar ratio of P123/F127 +volume adsorped (cc/g) 

1 

2 

3 

4 

1/9 

3/7 

5/5 

7/3 

0 

150 

250 

420 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 3.3 Adsorption isotherms    

                                HCl  P123/F127  0.3M HCl 
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0 0.2 0.4 0.6 0.8 1
0

100

200

300

400

500

600
molar ratio of P123/F127

7/3

 5/5

3/7

1/9

0.5 M HCl

Vo
lu

m
e 

Ad
so

rp
ed

 c
c/

g 
(S

TP
) (

a.
u.

)

Relative Pressure P/P
0

 3.4  adsorption isotherms  5-

8  0.5M HCl  P123/F127  

1/9, 3/7, 5/5  7/3    6-8 

 volume adsorped (  y)  3.3 

  relative pressure P/P0 (  x)  

 

 3.3  volume adsorped (  y)  

                    0.3M HCl (  5-8)  P123/F127 

Sample No. Molar ratio of P123/F127 +volume adsorped (cc/g) 

5 

6 

7 

8 

1/9 

3/7 

5/5 

7/3 

0 

100 

300 

500 

 
 

 
 
 
 
 
 
 
 
 
 

 
 

 3.4 Adsorption isotherms  

                                HCl  P123/F127  0.5M HCl 
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 3.5  SBA-15  P123 

 SBA-16  F127 

 (Voort et al., 2002)  

  3.6-3.9  SEM 

 0.3M HCl  P123/F127  

 P123/F127=1/9, 3/7  5/5 (  3.6-3.8) 

  

  

  P123/F127 

= 7/3 (  3.9) 

 P123  

 3.10-3.13  SEM 

 0.5 M HCl  P123/F127   

 P123/F127 = 1/9, 3/7  5/5 (  3.10-3.12) 

 P123/F127 = 7/3 (  3.13) 

 0.3 

M HCl  P123/F127  0.3 

M HCl  0.5 M HCl   0.3 M HCl    

 0.5 M HCl 

 

 

 

 

 

 

 

 

 3.5   SEM  

   (A)  P123 (B)  

                             F127 (Chandrasekar et al., 2007) 

A B
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(a) 

 

 
 
 
 
 
                                                                                                
  

(�) 

 
 

 
 
 
 
                                                                   
                                                                    
 

(c) 

 
 3.6  SEM    

                               P123/F127 = 1/9  0.3 M HCl (a)  2000 (�)  

 3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.7  SEM                           

                          P123/F127 = 3/7  0.3M HCl (a)  2000 (�)     

                           3000 (c)  4500  
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(a) 

 

 
(�)  

 

 
(c) 

 
 3.�  SEM  

                                P123/F127 = 5/5  0.3M HCl (a)  2000 (�)     

                           3000 (c)  4500  

 



 

 

47

 
(a) 

 

 
(�) 

 

 
(c) 

 
 3.�  SEM  

                                P123/F127 = 7/3  0.3M HCl (a)  2000 (�)     
                           3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.10  SEM  

 P123/F127 = 1/9  0.5M HCl (a)  2000 (�) 

 3000 (c)  4500  
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(a) 

  

 
(�) 

 

 
(c) 

 
 3.11  SEM     

 P123/F127 = 3/7  0.5M HCl (a)  2000 (�) 

 3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.12  SEM     

 P123/F127 = 5/5  0.5M HCl (a)  2000 (�) 

 3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.13  SEM      

 P123/F127 = 7/3  0.5M HCl (a)  2000 (�) 

 3000 (c)  4500  
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 3.1    

 P123/F127 = 3/7 

 0.3M HCl 

 0.5M HCl  0.3M HCl 

 0.5M HCl  3.2-3.5 

 P123/F127 = 3/7  0.5M HCl 

 

 
3.2  
 
   3.2  9-13 

 P123  F127   P123/F127 = 

3/7  0.5M HCl  0.1M Na2SO4 (  10) 0.5M Na2SO4 (  11) 0.1M KCl 

(  12) 0.5M KCl (  13)  9  

 TEOS/(P123+F127) = 4/1 

 3.4  

 

 3.4  

  

P123/F127 = 3/7  0.5M HCl 

 

Sample 

No. 

Kind and 

concentration 

of inorganic 

salts 

Aa 
(m2/g) 

Vmicro
� 

(cm3/g) 

Vmeso
c 

(cm3/g) 

Vpore
d 

(cm3/g) 

(P/P0)step
e rpf 

(nm) 

9 - 566 0.10 0.38 0.48 0.77 4.81 

10 

11 

0.1M Na2SO4 

0.5M Na2SO4 

802 

975 

0.16 

0.13 

0.52 

0.63 

0.68 

0.76 

0.72 

0.71 

3.92 

3.81 

12 

13 

0.1M KCl 

0.5M KCl 

1082 

935 

0.16 

0.13 

0.69 

0.61 

0.85 

0.74 

0.72 

0.71 

3.97 

3.86 
a  �  c  d   

e  f  
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 3.4  (

 rp)  

KCl  Na2SO4 

 

 H2O (  Hydrogen �onding  EO ) 

  EO �lock  

  3.14  Na2SO4 

 KCl  Na2SO4  SO4
2-  

KCl  Cl-  (Vmicro) 

 2  (Vmicro)  

 

 

 
 
 

(a) (�)  

                       
                                       PO             EO 

 
         3.14 (a)  

                                  (�)  

 
 adsorption isotherms  3.2        

 4   3.15 

 adsorption isotherms  9-13 

  

 10-13  volume adsorped (  y)  

3.5   relative pressure P/P0 (  x)   
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) (
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)

Relative Pressure P/P
0

 3.5  volume adsorped (  y)  

                     

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 3.15 Adsorption isotherms 

 

 

 XRD  3.2 

 3.16  Na2SO4  KCl 

 

 

 H2O   EO  PO   cmc  (Zhang et al., 

Sample No. Kind and concentration of inorganic salts +volume adsorped (cc/g) 

9 

10 

11 

12 

13 

- 

0.1M Na2SO4 

0.5M Na2SO4 

0.1M KCl 

0.5M KCl 

0 

50 

100 

150 

220 
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1 2 3 4 5
0

2000

4000

6000

8000

1 10
4

1.2 10
4

1.4 10
4

1.6 10
4

In
te

ns
ity

 (a
.u

.)

2θ

0.5M Na
2
SO

4
 

0.1M Na
2
SO

4
 

0.5M KCl 

0.1M KCl 
without salt 

2006) 

  Na2SO4 

 KCl  Na2SO4  KCl 

 Na2SO4  ionic strength  KCl  Na2SO4 

 H2O  KCl  Na2SO4 

 KCl 

 0.1M  0.5M Na2SO4 

 KCl  0.5M KCl 

 0.1M KCl   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.16  XRD 

  

 

 3.16  XRD 

 9-13     

  10-13  intensity 

(  y)  3.6  
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 3.6  intensity (  y)  

                     

 

 3.7  d-spacing  100 - 

 λ = 2dsinθ  d100 - 

 KCl  d100  Na2SO4 

 d100  

  d100   

 

 3.7   d100  rp 
  

Sample No. Kind and 

concentration of 

inorganic salts 

rp 
(nm) 

d100 

(nm) 

9 

10 

11 

12 

13 

- 

0.1M Na2SO4 

0.5M Na2SO4 

0.1M KCl 

0.5M KCl   

4.81 

3.92 

3.81 

3.97 

3.86  

12.42 

11.76 

11.61 

12.08 

11.92 

 
 3.17-3.21  SEM 

 3.2  

 F127 

 (  3.21 �)  5  

F127  P123  F127  

Sample No. Kind and concentration 

 of inorganic salts 

+intensity 

9 

10 

11 

12 

13 

- 

0.1M Na2SO4 

0.5M Na2SO4 

0.1M KCl 

0.5M KCl 

0 

4700 

5700 

1500 

3000 
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(a) 

 

 
(�) 

 

 
(c) 

                            
 3.17  SEM   

                                  P123/F127 = 3/7  0.5M HCl  (a)   

                                  2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�)  

 

 
(c) 

 
 3.1�  SEM   

                                  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4 (a)   

                            2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.1�  SEM   

                            P123/F127 = 3/7  0.5M HCl  0.5M Na2SO4 (a)  

                            2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.20  SEM    

                                  P123/F127 = 3/7  0.5M HCl  0.1M KCl (a)   

                            2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.21  SEM    

                                  P123/F127 = 3/7  0.5M HCl  0.5M KCl (a)    

                            2000 (�)  3000 (c)  4500  
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 3.2  

Na2SO4  XRD 

 XRD  0.1M Na2SO4  0.5M Na2SO4

  3.3-3.5 

 0.1M Na2SO4  

 

3.3  (cosurfactant) 
 
   3.3  14-23 

 P123  F127   P123/F127 = 

3/7  0.5M HCl  0.1M Na2SO4  TEOS/(P123+F127) = 4/1

 (P123+F127)/SDS = 1/1.7, 1/2.0, 

1/2.3, 1/2.6  1/2.9  14-18  (P123+F127)/CTAB = 1/1.7, 1/2.0, 

1/2.3, 1/2.6  1/2.9  19-23  

 3.8-3.9  

 

  3.�  

 SDS  

(P123+F127)/SDS   P123/F127= 3/7  

0.5M HCl  0.1M Na2SO4  

Sample 

No. 

Molar ratio 

(P123+F127)  

/SDS 

Aa 

(m2/g) 

Vmicro
� 

(cm3/g)

Vmeso
c 

(cm3/g)

Vpore
d 

(cm3/g)

(P/P0)step
e rpf 

(nm) 

10 

14 

15 

16 

17 

18 

1/0 

1/1.7 

1/2.0 

1/2.3 

1/2.6 

1/2.9 

975 

944 

902 

865 

500 

654  

0.13 

0.13 

0.12 

0.12 

0.01 

0.05  

0.63 

0.63 

0.57 

0.51 

0.45 

0.53  

0.76 

0.77 

0.69 

0.63 

0.47 

0.58 

0.71 

0.71 

0.70 

0.69 

0.68 

0.67 

3.81 

3.79 

3.66 

3.55 

3.47 

3.33 
a  �  c  d   
e  f  
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)

Relative pressure P/P
0

without SDS

(P123+F127)/SDS

1/1.7

1/2.0

1/2.3

1/2.6

1/2.9

  3.�  

 CTAB  

(P123+F127)/CTAB   P123/F127 = 3/7 

 0.5M HCl  0.1M Na2SO4 

Sample 

No. 

Molar ratio 

(P123+F127)  

/CTAB 

Aa 

(m2/g) 

Vmicro
� 

(cm3/g)

Vmeso
c 

(cm3/g)

Vpore
d 

(cm3/g)

(P/P0)step
e rpf 

(nm) 

10 

19 

20 

21 

22 

23 

1/0 

1/1.7 

1/2.0 

1/2.3 

1/2.6 

1/2.9 

975 

757 

804 

755 

782 

809 

0.13 

0.11 

0.10 

0.08 

0.08 

0.08 

0.63 

0.43 

0.50 

0.48 

0.50 

0.52 

0.76 

0.55 

0.60 

0.57 

0.58 

0.61 

0.71 

0.69 

0.65 

0.64 

0.63 

0.62 

3.81 

3.66 

3.19 

3.11 

2.97 

2.89 

 a  �  c  d  

 e  f  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     3.22 Adsorption isotherms  SDS      

                                      (P123/F127)/SDS  
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 1/1.7

 1/2.0

 1/2.3

 1/2.6

1/2.9

(P123+F127)/CTAB 

 

 

 

 

 

 

 

 

 

 

 

 

 3.23 Adsorption isotherms  CTAB 

 (P123/F127)/CTAB   

 

 3.8-3.9  2  

SDS  CTAB  

 SDS  CTAB   SDS  

CTAB   P123  F127 

 (repulsion) 

 

 

 (Vpore)  (Vmeso)  

 (Vmicro)  

 Zhang  (Zhang et al., 2006) 

 SBA-15  P123 

 CTAB  P123/CTAB  1/0, 1/1, 1/2, 1/3  1/4 

 CTAB   SBA-15  8.49 nm  

4.78 nm  Li  (Li et al., 2000) 

 F127  SDS  

 Light Scattering  SDS/F127  
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0/1-0.125/1   SDS/F127 

 0.125/1-2.5/1     

 adsorption isotherms  3.3  

 4   3.22 

 adsorption isotherms  10,14-18 

 SDS    14-18 

 volume adsorped (  y)  3.10 

  relative pressure P/P0 (  x)  

 

 3.10  volume adsorped (  y)  

                       SDS  (P123+F127)/    

                  SDS  

 

 3.11  volume adsorped (  y)  

                       CTAB  (P123+F127) 

/CTAB  

 

Sample No. Molar ratio of (P123+F127) /SDS +volume adsorped (cc/g) 

10 

14 

15 

16 

17 

18 

1/0 

1/1.7 

1/2.0 

1/2.3 

1/2.6 

1/2.9 

0 

100 

300 

400 

500 

600 

Sample No. Molar ratio of (P123+F127) /CTAB +volume adsorped (cc/g) 

10 

19 

20 

21 

22 

23 

1/0 

1/1.7 

1/2.0 

1/2.3 

1/2.6 

1/2.9 

0 

150 

250 

350 

450 

550 
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1 2 3 4 5
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5000

1 10
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4

2 10
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In
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 (a
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2θ

without SDS

1/2.0

1/2.3

1/2.6
 1/2.9

(P123+F127)/SDS = 1/1.7

 3.23  adsorption isotherms  

10, 19-23  CTAB  

  19-23  volume adsorped (  y) 

 3.11   relative pressure P/P0 (  x) 

 

 XRD  3.3 

 3.24 - 3.25  SDS  CTAB 

  

  (1) 

 (P123+F127)  SDS (  CTAB) 

 (2)  (P123+F127)  SDS (  

CTAB)  (3)  (P123+F127)  

(4)  SDS (  CTAB)  (5) 

 P123  F127  SDS (  CTAB) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
           3.24  XRD  SDS 
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1 2 3 4 5
0

5000

1 10
4

1.5 10
4

2 10
4

2.5 10
4

In
te

ns
ity

 (a
.u

.)

2θ

without CTAB

  1/1.7

1/2.0

1/2.3

1/2.6

1:2.9

(P123+F127)/CTAB

 3.24  XRD 

 10, 14-18  SDS  

  10,14-17  intensity (  y) 

 3.12  

 

 3.12  intensity (  y)   

                      SDS  (P123+F127)/SDS   

                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                3.25  XRD  CTAB 

Sample No. Molar ratio of (P123+F127) /SDS +intensity  

10 

14 

15 

16 

17 

18 

1/0 

1/1.7 

1/2.0 

1/2.3 

1/2.6 

1/2.9 

8000 

5000 

4000 

3000 

1000 

0 



 

 

68

 3.25  XRD 

 10,19-23  CTAB  

  10,19-22  intensity (  y) 

 3.13    

 
 3.13  intensity (  y)   

                      CTAB  (P123+F127)/CTAB   

                   

 

 3.14-3.15  d100  SDS  CTAB 

 d100  SDS  CTAB 

 d100  rp  

 

 3.14  d100  rp  

                        P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  SDS  

                   (P123+F127)/SDS   

Sample 

No. 

Molar ratio 

(P123+F127)/SDS  

rp 
(nm) 

d100 

(nm) 

10 

14 

15 

16 

17 

18 

1/0.0 

1/1.7 

1/2.0 

1/2.3 

1/2.6 

1/2.9 

3.81  

3.79 

3.66 

3.55 

3.47 

3.33  

11.76 

11.76 

11.61 

11.45 

11.31 

11.16 

 

Sample No. Molar ratio of (P123+F127) /CTAB +intensity  

10 

19 

20 

21 

22 

23 

1/0 

1/1.7 

1/2.0 

1/2.3 

1/2.6 

1/2.9 

7000 

4000 

3000 

2000 

1000 

0 
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 3.15  d100  rp   

                       P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  CTAB 

                   (P123+F127)/CTAB   

Sample 

No. 

Molar ratio 

(P123+F127)/CTAB 

rp 
(nm) 

d100 

(nm) 

10 

19 

20 

21 

22 

23 

1/0.0 

1/1.7 

1/2.0 

1/2.3 

1/2.6 

1/2.9 

3.81 

3.66 

3.19 

3.11 

2.97 

2.89   

11.76 

9.80 

9.80 

9.69 

9.59 

9.19 

 

 3.26-3.35  SEM 

  SDS 

(  3.26-3.30) 

 CTAB (  3.31-3.35) 

 ( 3.1 )  SDS 

 (P123+F127)/SDS=1/1.7  1/2.0 

  (P123+ 

F127)/SDS = 1/2.3 

  (P123+F127)/SDS = 1/2.6  1/2.9 

 

 CTAB  

 SDS 
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.26  SEM    

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  SDS  

                            (P123+F127)/SDS = 1/1.7 (a)   

                           3000 (�)  4500 (c)  9000  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.27  SEM   

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  SDS  

                            (P123+F127)/SDS = 1/2.0 (a)   

                           3000 (�)  4500  1 (c)  4500  2 
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(a) 

 

 
(�) 

 

 
(c) 

 

 3.2�  SEM    

                                 P123/F127=3/7  0.5M HCl  0.1M Na2SO4  SDS  

                           (P123+F127)/SDS = 1/2.3 (a)   

                          2000  1 (�)  2000  2 (c)  2000  

                           3  



 

 

73

 
(a) 

 

 
(�) 

 

 
(c) 

 

 3.2�  SEM   

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  SDS  

                            (P123+F127)/SDS = 1/2.6 (a)   

                           2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 

 3.30  SEM   

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  SDS  

                            (P123+F127)/SDS = 1/2.9 (a)   

                           2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.31  SEM   

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  CTAB  

                            (P123+F127)/CTAB = 1/1.7 (a)   

                           2000 (�)  3000 (c)  4500                                                     
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.32  SEM   

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  CTAB  

                            (P123+F127)/CTAB = 1/2.0 (a)   

                           2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.33  SEM   

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  CTAB  

                            (P123+F127)/CTAB = 1/2.3 (a)   

                           2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.34  SEM   

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  CTAB  

                            (P123+F127)/CTAB = 1/2.6 (a)   

                           2000 (�)  3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 
 3.35  SEM   

                                  P123/F127=3/7  0.5M HCl  0.1M Na2SO4  CTAB  

                            (P123+F127)/CTAB = 1/2.9 (a)   

                           2000 (�)  3000 (c)  4500  
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3.4  (cosolvent) 
    

 3.4  24-27 

 P123  F127   P123/F127 = 

3/7  0.5M HCl  0.1M Na2SO4  TEOS/(P123+F127) = 4/1 

 EtOH  H2O/EtOH = 1/1.9, 1/2.2, 

1/5.5  1/7.3  24-27  

 3.16  EtOH 

  EO  PO  EtOH  

core  EtOH  

  (Katiyar et al., 2006) 

 EtOH  

                                               
 3.16     

                      EtOH   H2O/EtOH   

                   P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  

Sample

No. 

Molar ratio 

H2O/EtOH   

Aa 

(m2/g) 

Vmicro
� 

(cm3/g) 

Vmeso
c 

(cm3/g) 

Vpore
d 

(cm3/g) 

(P/P0)step
e rpf 

(nm) 

10 

24 

25 

26 

27 

1/0.0 

1/1.9 

1/2.2 

1/5.5 

1/7.3  

975 

931 

887 

973 

770 

0.13 

0.12 

0.11 

0.09 

0.08 

0.63 

0.57 

0.54 

0.57 

0.50 

0.76 

0.70 

0.65 

0.67 

0.58 

0.71 

0.70 

0.69 

0.64 

0.63 

3.81 

3.70 

3.59 

3.08 

2.97 

 a  �  c  
d

 

 e  f  

 

 adsorption isotherms  3.4 

 4   

3.36  adsorption isotherms  10, 24-27 

 EtOH    24-

27  volume adsorped (  y)  3.17 

  relative pressure P/P0 (  x)  



 

 

81

0 0.2 0.4 0.6 0.8 1
0

200

400

600

800

1000

Vo
lu

m
e 

Ad
so

rp
ed

 c
c/

g 
(S

TP
) (

a.
u.

)

Relative Pressure P/P
0

without EtOH

 1/1.9

1/2.2

1/5.5

 1/7.3

H
2
O/EtOH 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

 3.36 Adsorption isotherms  3.4  

EtOH  H2O/EtOH   

 
 3.17  volume adsorped (  y)   

                       EtOH  H2O/EtOH   

 

 XRD  EtOH  

 3.37 

  EtOH  EO  PO 

 EtOH  core 

  EO  PO  EtOH       

Sample No. Molar ratio of H2O/EtOH +volume adsorped (cc/g) 

10 

24 

25 

26 

27 

1/0 

1/1.9 

1/2.2 

1/5.5 

1/7.3 

0 

100 

200 

300 

400 
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1 2 3 4 5
0

5000

1 10
4

1.5 10
4

2 10
4

without EtOH 

H
2
O/EtOH = 1/1.9 

 1/2.2 

1/5.5 

1/7.3 

In
te

ns
ity

 (a
.u

.)

2θ

 

   

 3.37  XRD 

 10, 24-27  EtOH  

 10, 24-26  intensity (  y) 

 3.18    

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

    3.37  XRD  3.4  EtOH  

                                H2O/EtOH   

  

 3.1�  intensity (  y)    

                       EtOH  H2O/EtOH  

Sample No. Molar ratio of H2O/EtOH +intensity 

10 

24 

25 

26 

27 

1/0 

1/1.9 

1/2.2 

1/5.5 

1/7.3 

8000 

6000 

4000 

1500 

0 
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 3.19  d100  

EtOH   EtOH  d100   

EtOH  d100 

 

  

 3.1�   d100  rp  

 P123/F127 = 3/7  0.5 M HCl  0.1M Na2SO4  

EtOH  H2O/EtOH   

Sample 

No. 

Molar ratio 

H2O/EtOH     

rp 
(nm) 

d100 

(nm) 

10 

24 

25 

26 

27  

1/0.0 

1/1.9 

1/2.2 

1/5.5 

1/7.3    

3.81 

3.70 

3.59 

3.08 

2.97  

11.76 

11.45 

11.31 

10.50 

10.26 

 

 3.38-3.41  SEM 

 EtOH  

 

F127  3.40  EtOH  

H2O/EtOH  1/7.3 

  

EtOH   EtOH 

 

 (Katiyar et al.,2006) 
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(a) 

 

 
(�) 

 

 
(c) 

 

 3.3�  SEM   

                                  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  EtOH  

                            H2O/EtOH = 1/1.9 (a)  2000 (�)  

                            3000 (c)  4500  

 



 

 

85

 
(a) 

 

 
(�) 

 

 
(c) 

 

 3.3�  SEM   

                                  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  EtOH  

                            H2O/EtOH = 1/2.2 (a)  2000 (�)  

                            3000 (c)  4500  

 



 

 

86

 
(a) 

 

 
(�) 

 

 
(c) 

 

 3.40  SEM   

                                  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  EtOH  

                            H2O/EtOH = 1/5.5 (a)  2000 (�)  

                            3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 

 3.41  SEM    

                                  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  EtOH  

                            H2O/EtOH = 1/7.3 (a)  2000 (�)  

                            3000 (c)  4500  
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3.5  100°°°°C 
   

 3.5  28-30 

 P123  F127   P123/F127 = 

3/7  0.5M HCl  0.1M Na2SO4  TEOS/(P123+F127) = 4/1 

 100°C  3, 5  7  28-30  

  3.20 

 

  (Yamada 

et al., 2002)  

 

  3.20  

  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4 

 100°C    

Sample

No. 

Time for 

heat 

(day)   

Aa 

(m2/g) 

Vmicro
� 

(cm3/g)

Vmeso
c 

(cm3/g) 

Vpore
d 

(cm3/g) 

(P/P0)step
e rpf 

(nm) 

10 

28 

29 

30 

1 

3 

5 

7 

975 

909 

1176 

945 

0.13 

0.05 

0.04 

0.01 

0.63 

0.70 

0.95 

0.87 

0.76 

0.75 

0.99 

0.88 

0.71 

0.73 

0.74 

0.75 

3.81 

4.11 

4.21 

4.38 
a  �  c  

d   
e  f  

 

 adsorption isotherms  3.5  

 4   

3.42  adsorption isotherms  10, 28-30 

   

28-30  volume adsorped (  y)  3.21 

  relative pressure P/P0 (  x)   
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 3.42 Adsorption isotherms  

 100°C   

 

 3.21  volume adsorped (  y)   

                       100°C  

 

 XRD 

 3.43 

 (Yamada et al., 2002) 

 3.43  XRD 

 10, 28-30  

  28-30  intensity (  y)  

 3.22   

Sample No. Time for heat (day) +volume adsorped (cc/g) 

10 

28 

29 

30 

1 

3 

5 

7 

0 

100 

150 

250 
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 3.43  XRD  

                                      100°C     

 
 3.22  intensity (  y)  

                   100°C   

 

 3.23  d100 

 100°C  

 100°C   d100   

 

 

 

 

Sample No. Time for heat (day) +intensity 

10 

28 

29 

30 

1 

3 

5 

7 

0 

2000 

4000 

6000 
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 3.23   d100  rp 
 P123/F127 = 3/7  0.5 M HCl  0.1M Na2SO4 

  100°C  

Sample 

No. 

Time for heat 

(day)     

rp 
(nm) 

d100 

(nm) 

10 

28 

29 

30  

1 

3 

5 

7  

3.81 

4.11 

4.21 

4.38   

11.76 

11.92 

12.42 

12.60 

 

 3.44 3.46  SEM 

 100°C   

 100°C 

 F127 
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(a) 

 

 
(�) 

 

 
(c) 

 

 3.44  SEM   

                                  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  3  

                            100°C (a)  2000 (�)  

                            3000 (c)  4500  

 



 

 

93

 
(a) 

 

 
(�) 

 

 
(c) 

 

 3.45  SEM   

                                  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  5  

                            100°C (a)  2000 (�)  

                            3000 (c)  4500  
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(a) 

 

 
(�) 

 

 
(c) 

 

 3.46  SEM   

                                  P123/F127 = 3/7  0.5M HCl  0.1M Na2SO4  7  

                            100°C (a)  2000 (�)  

                            3000 (c)  4500  
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 4 
 

 
 

4.1  P123/F127  HCl 
 

 4.1  1-8 

 P123  F127   P123/ 

F127 = 1/9, 3/7, 5/5  7/3  0.3M HCl (  1-4)  0.5M HCl (  5-8) 

 0.3M Na2SO4  TEOS/(P123+F127) = 4/1 

 
4.1.1  

 P123/F127  1/9  3/7   

 P123/F127  3/7  5/5  7/3 

  
4.1.2  0.3M HCl 

  0.5M HCl      
4.1.3  adsorption isotherms 

 P123/F127  HCl 

 4   

4.1.4  SEM  P123/F127= 1/9, 

3/7  5/5   P123/F127 = 

7/3   

4.1.5  0.3M HCl  

0.5M HCl   

 

4.2   
 

 4.2  9-13 

 P123  F127   P123/ 

F127 = 3/7  0.5M HCl  0.1M Na2SO4 (  10), 0.5M Na2SO4 (  11), 
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0.1M KCl(  12), 0.5M KCl(  13)  9  

 TEOS/(P123+F127) = 4/1 

 
4.2.1  

  

4.2.2  KCl 
 Na2SO4    

4.2.3  

  

4.2.4  adsorption isotherms 

  4 

 

4.2.5  XRD  

  

4.2.6  Na2SO4 

 KCl 

4.2.7  d100 

 KCl  d100 

 Na2SO4 

  d100  d100 

 rp  
4.2.8  SEM 

  

  

4.3  
 

 4.3  14-23 

 P123  F127   P123/ 

F127 = 3/7  0.5M HCl  0.1M Na2SO4  TEOS/(P123 + 

F127) = 4/1  (P123+F127)/SDS = 

1/1.7, 1/2.0, 1/2.3, 1/2.6  1/2.9  14-18  (P123+F127)/CTAB = 

1/1.7, 1/2.0, 1/2.3, 1/2.6  1/2.9  19-23  
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4.3.1 

 2  SDS  CTAB 

 SDS  CTAB 

  (Vpore) 
 (Vmeso)  (Vmicro)   

4.3.2  adsorption isotherms 

 4 

 

4.3.3  XRD  SDS  

CTAB  

 

4.3.4  SDS  CTAB  d100  

 rp   

4.3.5  SEM  SDS 

 CTAB 

  

4.3.6  CTAB 

  SDS 

 

 

4.4  
 

 4.4  24-27 

 P123  F127   P123/ 

F127 = 3/7  0.5M HCl  0.1M Na2SO4  TEOS/(P123 + 

F127) = 4/1  EtOH  H2O/EtOH = 

1/1.9, 1/2.2, 1/5.5  1/7.3  24-27  

 

4.4.1  

EtOH  
4.4.2  adsorption isotherms 

 4     
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4.4.3  XRD  EtOH 

 

 

4.4.4  EtOH  d100   rp 
 

4.4.5  SEM 

   

 

4.�  100°°°°C  
 

 4.5  28-30 

 P123  F127   P123/ 

F127= 3/7  0.5M HCl  0.1M Na2SO4  TEOS/(P123+F127)  

= 4/1  100°C  3, 5  7   28-

30   

4.5.1 

  

4.5.2  adsorption isotherms 

 100°C  4 

 

4.5.3  XRD 

 

 

4.5.4  100°C   d100  

 rp  

4.5.5  SEM 

 100°C   
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 CoulterTM SA3100 Software Version 2.13  

 P123/F127 = 3/7  0.5M HCl 

  

 

Coulter SA 3100 Surface Area and Pore Size Analyzer 

Analysis Report   

_______________________________________________________________________ 

Serial No.           AH43014                        Software Version                            2.13 

Sample ID              no salt                        Start Date                               02/28/07 

Customer         BECKMAN                        Start Time                               04/50/04 

Operator                   PCL                        Elapsed Time                             59 min 

Sample Wt          0.0334 g                        Outgas Time                              60 min 

Profile                       BET                       Outgas Temperature                     150 C    

_______________________________________________________________________ 

            Summary 

            Surface Area Report 

BET Surface area              566.38 sq.m/g 

Correlation Coefficient            0.99972 

 

Adsorption BJH Pore Size Distribution 

Pore Dia. Range(nm)         Pore Volume(ml/g)             %        

                   Under 6                       0.03519                   12.26 

                     6 - 8                         0.14457                   50.35 

                     8 - 10                        0.08364                   29.13 

                   10 - 12                        0.00499                     1.74 

                   12 - 16                        0.00481                     1.68 

                   16 - 20                        0.00404                     1.41 

                   20 - 80                        0.00849                     2.96 

                  Over 80                        0.00141                     0.49 

                BJH Total                        0.28716                  100.00 
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t-Plot Surface Area Report 

 

t-Plot Surface Area               323.016 sq.m/g 

Micropore Surface Area         243.361 sq.m/g 

Micropore Volume                0.10504 ml/g 

Correlation Coefficient           0.99382 

 

Total Pore Volume Report 

 

Total Pore Volume                 0.4906 ml/g 

(Ps/Po �   0.9814, Adsorption) 

 

Coulter SA 3100 Surface Area and Pore Size Analyzer 

Analysis Report 

_______________________________________________________________________ 

 Serial No.           AH43014                            Software Version                       2.13 

 Sample ID              no salt                            Start Date                          02/28/07 

 Customer          BECKMAN                            Start Time                         04/50/04 

 Operator                    PCL                            Elapsed Time                       59 min 

 Sample Wt           0.0334 g                            Outgas Time                        60 min 

 Profile                        BET                           Outgas Temperature               150 C 

_______________________________________________________________________ 

 

Surface Area Report 

 

BET Surface area                          566.38 sq.m/g 

Slope                                          0.007674 

Intercept                                      0.000011 

C value                                       696.901 

Monolayer Volume                        130.1299 cc/g (STP) 

Correlation Coefficient                    0.99972 

One Point BET Surface Area  (Ps/Po�0.3)   564.49 sq.m/g 
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Analysis Data 

                                   Ps/Po          BET Function      Vads cc/g(STP) 

                                   0.0512            0.000413            130.628 

                                   0.0577            0.000461            132.965 

                                   0.0650            0.000514            135.325 

                                   0.0728            0.000571            137.613 

                                   0.0814            0.000633            139.891 

                                   0.1008            0.000777            144.413 

                                   0.1188            0.000911            147.976 

                                   0.1388            0.001064            151.406 

                                   0.1590            0.001224            154.502 

                                   0.1797            0.001393            157.287 

                                   0.1990            0.001556            159.695 

 

Interpolated Data 

      Ps/Po          BET Function      Vads cc/g(STP) 

                                   0.0500            0.000395            133.343 

                                   0.0800            0.000625            139.149 

                                   0.1200            0.000932            146.335 

                                   0.1600            0.001239            153.758 

                                   0.2000            0.001546            161.734 

 

Coulter SA 3100 Surface Area and Pore Size Analyzer 

Analysis Report 

_______________________________________________________________________ 

 Serial  No.          AH43014                          Software Version                         2.13 

 Sample ID              no salt                          Start Date                            02/28/07 

 Customer          BECKMAN                         Start Time                            04/50/04 

 Operator                    PCL                         Elapsed Time                          59 min 

 Sample Wt           0.0334 g                         Outgas Time                           60 min 

 Profile                        BET                        Outgas Temperature                  150 C 

_______________________________________________________________________ 
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        Adsorption BJH Pore Volume Distribution 

        Diameter         Average       d(Vp)/d(Dp)     Incremental    Cumulative          %  

        Range            Diameter                             Volume          Volume       Volume  

                               (nm)              (nm)           (ml/g*nm)         (ml/g)            (ml/g) 

      159.33-136.94    148.13           0.00001          0.00021          0.00021          0.07 

      136.94-120.13    128.53           0.00001          0.00022          0.00043          0.08 

      120.13-107.05    113.59           0.00002          0.00022          0.00065          0.08 

      107.05- 96.57     101.81           0.00002          0.00022          0.00086         0.08 

        96.57- 77.70      87.14           0.00003          0.00055          0.00141          0.19 

        77.70- 65.10      71.40           0.00004          0.00056          0.00197          0.19 

        65.10- 44.01      54.55           0.00007          0.00146          0.00343          0.51 

        44.01- 33.38      38.69           0.00015          0.00155          0.00498          0.54 

        33.38- 26.96      30.17           0.00025          0.00160          0.00658          0.56 

        26.96- 22.65      24.80           0.00038          0.00164          0.00823          0.57 

        22.65- 19.54      21.09           0.00054          0.00168          0.00991          0.59 

        19.54- 17.19      18.36           0.00073          0.00172          0.01162          0.60 

        17.19- 14.82      16.01           0.00098          0.00233          0.01395          0.81 

        14.82- 13.03      13.93           0.00133          0.00238          0.01633          0.83 

        13.03- 11.62      12.33           0.00173          0.00243          0.01876          0.85 

        11.62- 10.48      11.05           0.00218          0.00248          0.02124          0.86 

        10.48- 9.54       10.01           0.00268          0.00252          0.02376          0.88 

        9.54- 8.75           9.15           0.03093          0.02443          0.04819          8.51 

        8.75- 8.08           8.42           0.08778          0.05921          0.10739        20.62 

        8.08- 7.50           7.79           0.12875          0.07510          0.18250        26.15 

        7.50- 6.99           7.24           0.09764          0.04981          0.23230        17.34 

        6.99- 6.54           6.76           0.03179          0.01432          0.24662          4.99 

        6.54- 6.14           6.34           0.01332          0.00534          0.25196          1.86 

        6.14- 5.45           5.79           0.01231          0.00843          0.26039          2.94 

        5.45- 4.89           5.17           0.01247          0.00704          0.26744          2.45 

        4.89- 4.41           4.65           0.01314          0.00625          0.27369          2.18 

        4.41- 4.20           4.30           0.01356          0.00287          0.27656          1.00 

        4.20- 3.82           4.01           0.01434          0.00545          0.28201          1.90 

        3.82- 3.48           3.65           0.01543          0.00515          0.28716          1.79 
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Coulter  SA 3100 Surface Area and Pore Size Analyzer 

Analysis Report 

_______________________________________________________________________ 

 Serial No.           AH43014                              Software Version                     2.13 

 Sample ID              no salt                              Start Date                        02/28/07 

 Customer          BECKMAN                             Start Time                        04/50/04 

 Operator                    PCL                             Elapsed Time                      59 min 

 Sample Wt           0.0334 g                             Outgas Time                       60 min 

 Profile                        BET                            Outgas Temperature              150 C 

_______________________________________________________________________ 

 

           Adsorption BJH Pore Area Distribution 

 

    Diameter         Average      d(Sp)/d(Dp)       Incremental      Cumulative       % 

     Range           Diameter                               Area                Area        Volume 

      (nm)              (nm)          (sq.m/g*nm)       (sq.m/g)             (sq.m/g)   

 

159.33-136.94     148.13            0.0003             0.0058             0.0058          0.00 

136.94-120.13     128.53            0.0004             0.0067             0.0125          0.00 

120.13-107.05     113.59            0.0006             0.0076             0.0201          0.01 

107.05 - 96.57     101.81            0.0008             0.0086             0.0287          0.01 

 96.57- 77.70        87.14            0.0013             0.0253             0.0540          0.02 

 77.70- 65.10        71.40            0.0025             0.0313             0.0852          0.02 

 65.10- 44.01        54.55            0.0051             0.1067             0.1920          0.07 

 44.01- 33.38        38.69            0.0151             0.1606             0.3526          0.11 

 33.38- 26.96        30.17            0.0330             0.2122             0.5648          0.14 

 26.96- 22.65        24.80            0.0614             0.2649             0.8297          0.17 

 22.65- 19.54        21.09            0.1026             0.3187             1.1484          0.21 

 19.54- 17.19        18.36            0.1591             0.3736             1.5220          0.24 

 17.19- 14.82        16.01            0.2458             0.5821             2.1041          0.38 

 14.82- 13.03        13.93            0.3815             0.6842             2.7883          0.45 

 13.03- 11.62        12.33            0.5601             0.7888             3.5772          0.52 

 11.62- 10.48        11.05            0.7876             0.8959             4.4731          0.59 
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 10.48 - 9.54        10.01            1.0704             1.0055             5.4785          0.66 

   9.54 - 8.75          9.15          13.5203           10.6801            16.1586          7.00 

   8.75 - 8.08          8.42          41.7158           28.1362            44.2948        18.44 

   8.08 - 7.50          7.79          66.1236           38.5727            82.8675        25.27 

   7.50 - 6.99          7.24          53.9328           27.5123          110.3798        18.03 

   6.99 - 6.54          6.76          18.8087             8.4712          118.8511         5.55 

   6.54 - 6.14          6.34           8.4107             3.3728          122.2239          2.21 

   6.14 - 5.45          5.79           8.5024             5.8206          128.0444          3.81 

   5.45 - 4.89          5.17           9.6550             5.4525          133.4970          3.57 

   4.89 - 4.41          4.65         11.3100             5.3814          138.8784          3.53 

   4.41 - 4.20          4.30         12.6057             2.6657          141.5441          1.75 

   4.20 - 3.82          4.01         14.3088             5.4409          146.9849          3.56 

   3.82 - 3.48          3.65         16.8985             5.6384          152.6234          3.69 

 

Coulter  SA 3100 Surface Area and Pore Size Analyzer 

Analysis Report 

_______________________________________________________________________ 

 Serial No.            AH43014                                Software Version                  2.13 

 Sample ID              no salt                                 Start Date                     02/28/07 

 Customer          BECKMAN                                Start Time                     04/50/04 

 Operator                    PCL                                Elapsed Time                   59 min 

 Sample Wt           0.0334 g                                Outgas Time                    60 min 

 Profile                        BET                                Outgas Temperature          150 C 

_______________________________________________________________________ 

 

           t-Plot Surface Area Report 

 

                   t-Plot Surface Area                323.016 sq.m/g 

                   Total Surface Area                566.377 sq.m/g 

                   Micropore Surface Area        243.361 sq.m/g 

                   Micropore Volume                 0.10504 ml/g 

                   Film Thickness Range           0.35 to 0.50 

                   Slope                                     208.8018 
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                   Intercept                               67.89733 

                   Correlation Coefficient               0.99382 

 

                    Film Thickness                Vads 

                            (nm)                      (cc/g STP) 

 

                           0.3529                    139.891 

                           0.3685                    144.413 

                           0.3819                    147.976 

                           0.3961                    151.406 

                           0.4099                    154.502 

                           0.4237                    157.287 

                           0.4362                    159.695 

                           0.4618                    164.094 

                           0.4870                    168.121 

 

Coulter SA 3100 Surface Area and Pore Size Analyzer 

Analysis Report 

_______________________________________________________________________ 

 Serial No.            AH43014                                  Software Version                2.13 

 Sample ID              no salt                                   Start Date                   02/28/07 

 Customer          BECKMAN                                  Start Time                   04/50/04 

 Operator                    PCL                                  Elapsed Time                 59 min 

 Sample Wt           0.0334 g                                  Outgas Time                  60 min 

 Profile                        BET                                 Outgas Temperature         150 C 

_______________________________________________________________________ 

 

            Total Pore Volume Report 

            Total Pore Volume       0.4906 ml/g 

            (Ps/Po  �   0.9814,  Adsorption) 
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Coulter  SA 3100 Surface Area and Pore Size Analyzer 

 Analysis Report 

_______________________________________________________________________ 

 Serial No.            AH43014                                Software Version                  2.13 

 Sample ID               no salt                                Start Date                     02/28/07 

 Customer           BECKMAN                               Start Time                     04/50/04 

 Operator                    PCL                                Elapsed Time                   59 min 

 Sample Wt           0.0334 g                                Outgas Time                    60 min 

 Profile                        BET                               Outgas Temperature           150 C 

_______________________________________________________________________ 

 

           Isotherm Data 

 

                   Freespace Calculation 

 

                           Slope                               0.0154 

                           Intercept                           0.0001 

                           Correlation Coefficient         1.00000 

 

            Isotherm Data Table 

 

                        Ps/Po         Vads cc/g(STP)      Ps mmHg          Po mmHg 

 

                       0.0000               0.000                   0.001               749.49 

                       0.0000             13.900                   0.012               749.53 

                       0.0000             27.792                   0.032               749.55 

                       0.0001             43.788                   0.108               749.44 

                       0.0006             61.296                   0.428               749.41 

                       0.0018             77.713                   1.357               749.38 

                       0.0055             93.456                   4.093               748.62 

                       0.0130           106.728                   9.714               748.31 

                       0.0252           117.713                 18.858               748.05 

                       0.0327           122.326                 24.478               747.63 
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                       0.0413           126.540                 30.831               747.24 

                       0.0512           130.628                 38.271               746.97 

                       0.0577           132.965                 43.102               746.74 

                       0.0650           135.325                 48.516               746.48 

                       0.0728           137.613                 54.333               746.15 

                       0.0814           139.891                 60.698               746.10 

                       0.1008           144.413                 75.224               745.96 

                       0.1188           147.976                 88.569               745.74 

                       0.1388           151.406               103.490               745.63 

                       0.1590           154.502               118.549               745.67 

                       0.1797           157.287               133.970               745.49 

                       0.1990           159.695               148.337               745.40 

                       0.2388           164.094               177.962               745.30 

                       0.2780           168.121               207.213               745.26 

                       0.3202           172.141               238.559               745.12 

                       0.3591           175.836               267.577               745.15 

                       0.4005           179.748               298.381               745.08 

                       0.4405           183.655               328.181               744.98 

                       0.4808           187.737               358.143               744.91 

                       0.5209           192.075               387.953               744.82 

                       0.5603           196.646               417.300               744.77 

                       0.6003           201.753               447.079               744.71 

                       0.6396           207.495               476.292               744.69 

                       0.6597           210.799               491.265               744.65 

                       0.6798           214.800               506.198               744.63 

                       0.6966           220.071               518.717               744.68 

                       0.7111           229.807               529.495               744.62 

                       0.7241           248.508               539.377               744.86 

                       0.7324           262.660               545.418               744.74 

                       0.7693           304.786               573.209               745.07 

                       0.9614           315.795               716.564               745.31 

                       0.9839           317.268               733.716               745.76 
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 Surface area analyzer 

 

1.  

 

 

 

 

 

 

 

 

 

 

 

 

       1  surface area analyzer 

 

 

 

 

 

 

 

 

 

 

 

 

 2  surface area analyzer 
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2.  

 2.1  

 100 psi  

 2.2  

 2.3   2 psi  

 2.4  ON/OFF  

 

 

 

 

 

 

 

 

 

 3   

 

  2.5  

 

 

 

 

 

 

 

 

 

 

 4   
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3.  (Profile) 

  

  4  Setup 

 Ecit Profile  New  New Profile 

 5  

 

 

 5  New Profile   

 

     Adsorbate  

 Sensitivity  Normal Sample Category 

 Unknown Printer Output  Full Report  

Calculation   Du 

 

  BET  surface area  

Isotherm   Bet5  Isotherm 5  Bet10  

Isotherm 10   

  BJH Adsorb (Pore size distribution) 

 Isotherm T-Plot  T-Plot  T-Plot Surface Area 

(Mesopore, Macropore), micropore volume  micropore area  BET 

Surface area  Mesopore, Macropore  BET Surface area-Micropore 

Surface area 
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   OK  

 Edit Profile  

 6 

 

 

 

 

 

 

 

 

 

 

 

 6  Profile  

 

4.  Outgas 

    120°C 

  

 

  4.1  (Sample tube)  (Insert 

tube)   

 

 Object tube  

 9 cc Rapi tube  3 cc 

 3 cc Rapi tube  

 Vacjak tube  8 h  

   

 7 
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 7   

 

4.2  (A) - 

 8  

4.3  0.1-0.2 g 

4.4  

  

-  9  

4.5  outgas - 

 - 

 10 

4.6  outgas   

outgas  outgas  11 

 

Sample tube

Tube insert

Tube cap 

(Do not weigh) 

3 cc Vacjak tube Object tube

9 cc Rapi tube

9 cc Vacjak tube

3 cc Rapi tube
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 8  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9   

Sample funnel

Weighing boat
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 10  outgas  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 11  outgas  
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4.7  outgas  3  

 (Sample ID)   

 Sample ID �   12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 12   

 

 

  Customer �  

  Operator �  

  Sample wt �  

  Profile �  Bet, t-plot  

  Max tem �  350°C  

 OK  outgas  outgas 

 13 

  4.8  outgas   manifold  45°C 

 outgas  

  4.9  outgas   Outgased 

 OK - 
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 13  Outgas  

 

  4.10  

 

 

  4.11  

 (B)  

  4.12  

 

 �  outgas (B)   (A) 

 

5.  

  5.1  outgas  

 1  

  Analysis status 

 Next analysis  

 14  outgas  (

 outgas )  

 15 
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 14   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 15  Outgas   
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  5.2  outgas  sample ID  outgas 

  

 start analysis 

 (Dewar)   

 

  16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 16  

 

  5.3  OK   

 

  5.4   Yes 

 No   

  5.5   off  
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  8 

 7-8  2550   ( ) .  

 
 P123  F127 

 

     .   

.  90112, . 084-0659561, . 074-446925  sasinan_10@hotmail.com 

     .   

.  90112, .074-288364, . 074-446925  chiraphon.c@psu.ac.th 

   2-50 nm (  

IUPAC)  1992  (cationic 

surfactant)  cetyltrimethylammonium bromide (�C16H33N
+(CH3)3] Br-,CTAB)  

 

   (separation)  (stationary phase) 

 (hi�h performance liquid chromato�raphy, HPLC)  (catalysts) 

 

   

(critical 

micelle concentration, cmc)  

  cmc 

  

   (anionic 

surfactant)  

 

  Yamada (1) 

 Ma (2)  ethanol (EtOH)  
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 pluronics P123(E20P70E20) 

 pluronics F127(E106P70E106)   2   EmPnEm 

 (hydrophilic part)  oxyethylene(OCH2CH2)  E 

 (hydrophobic part)  oxypropylene (OCH2CH (CH3))  P  m  n 

  tetraethyl 

orthosilicate (TEOS)   P123:F127 

  

  EtOH  

                                                                       

 

                                              

 P123  F127  

    

   

 
1.    

  pluronics P123(E20P70E20)  pluronics F127(E20P70E20) 

 cetyltrimethylammonium bromide(CTAB)  tetraethyl 

orthosilicate (TEOS) (Potassium chloride; KCl, A.R.)  

(Sodium sulphate; Na2SO4, A.R.) (Hydrochloric acid; HCl) (Ethanol; EtOH) 

 

2.  

   P123  F127  P123:F127 = 1:9 (  1  5) 

P123:F127 = 3:7 (  2, 6  9-29) P123:F127 = 5:5 (  3  7) P123:F127 = 7:3 (  4 

 8)  Na2SO4 0.3M (  1-8)  Na2SO4 0.1M (  10  14-24)  Na2SO4 0.5M 

(  11)  KCl 0.1M (  12)  KCl 0.5M (  13)  CTAB 

 CTAB:(P123+F127) = 1.7, 2.0, 2.3, 2.6  2.9 (  14, 15, 16, 17  18 

)  HCl 0.3M  30� (  1-4)  HCl 0.5M  30� (  5-

24)  (EtOH)  H2O:EtOH = 1:1.9 (  19) 

H2O:EtOH = 1:2.2 (  20) H2O:EtOH = 1:5.5 (  21)  H2O:EtOH = 1:7.3 (  22) 

 13�   TEOS 
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 TEOS:(P123+F127) = 4:1   15  

 35OC  24   22  48  

  100OC  24  

 23  3  24  5  

 24  

 40OC  24          

 550OC  6   2OC 

   

3.  

  (scannin� electron microscope; SEM)  JSM-

5800LV,JEOL  (X-ray diffraction; 

XRD)  D8discover Bruker AXS   CuKα 

  λ = 0.154 nm  2θ  0.3  5    Coulter 

SA3100  (de�as)  150 OC  1   

   
 

 1-8, 9-13, 14-18, 19-22  23-24 

(A) (Vmeso) (Vpore) (rp) 

 1, 2, 3, 4  5   adsorption isotherms  1-24 

 4   1( )  1( ) 

 4  1-8 9-13, 14-18, 19-22  

23-24  XRD  3( ), 3( ), 3( )  3( )  d-

spacing  2, 3, 4  5    2  SEM 

 4  

SEM  
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0 0.2 0.4 0.6 0.8 1

Vo
lu

m
e 

Ad
so

rp
ed

 c
c/

g 
(S

TP
)

Relative Pressure P/P
0

7:3

 5:5

3:7

1:9

0.3 M HCl

molar ratio of P123:F127

0 0.2 0.4 0.6 0.8 1

molar ratio of P123:F127

7:3

 5:5

3:7

1:9

0.5 M HCl

Relative Pressure P/P
0

Vo
lu

m
e 

Ad
so

rp
ed

 c
c/

g 
(S

TP
)

  1   HCl   

 P123:F127  P123:F127 

  0.3M    HCl ( 1-4)  0.5M HCl ( 5-8) 

Sample 

No. 

Molar ratio 
P123:F127 

A
a

(m
2
/g) 

Vmeso
b

(cm
3
/g) 

Vpore
c

(cm
3
/g) 

rp
d

(nm) 

1 

2 

3 

4 

1:9 

3:7 

5:5 

7:3 

539 

758 

958 

604 

0.31 

0.49 

0.62 

0.33 

0.43 

0.63 

0.75 

0.45 

3.70 

4.38 

3.97 

3.75 

5 

6 

7 

8 

1:9 

3:7 

5:5 

7:3 

626 

861 

651 

778 

0.36 

0.46 

0.40 

0.44 

0.46 

0.61 

0.50 

0.61 

3.40 

3.86 

3.79 

3.70 
a  b c  d

                                                                                                                             
                                                   

 

 

 

                                                                                                                    

  

                                    ( )                                                                                          ( ) 

 1   Adsorption isotherms  HCl 

 P123:F127 ( )  0.3M HCl ( )  0.5M HCl 
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                                         (  )                                                                                           (  )

 2    SEM  P123:F127 = 10:90            

( )  0.3M HCl ( )  0.5M HCl

  2    d-spacin�  

   P123 :F127 = 3:7   0.5 M HCl 

 

Sample 

No. 

Kind and concentration 

of inorganic salts 

A
a

(m
2
/g) 

Vmeso
b

(cm
3
/g) 

Vpore
c

(cm
3
/g) 

rp
d

(nm) 
d100

(nm) 

9 

10 

11 

12 

13 

- 

0.1M Na2SO4

0.5M Na2SO4

0.1M KCl 

0.5M KCl 

566 

802 

975 

1082 

935 

0.38 

0.52 

0.63 

0.69 

0.61 

0.48 

0.68 

0.76 

0.85 

0.74 

4.81 

3.92 

3.81 

3.97 

3.86 

12.42 

11.76 

11.61 

12.08 

11.92 
a  b c  d  
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1 2 3 4 5

In
te

n
si

ty
 (

a
.u

.)

2θ

5 days

3 days

1 2 3 4 5

In
te

n
si

ty
 (

a.
u

.)

2θ

0.5M Na
2
SO

4

0.1M Na
2
SO

4

0.5M KCl 

0.1M KCl 

without salt 

1 2 3 4 5

In
te

n
si

ty
 (

a.
u

.)

2θ

without CTAB

  1:1.7

1:2.0

1:2.3

1:2.6

1:2.9

(P123+F127):CTAB

1 2 3 4 5

without EtOH 

H
2
O:EtOH = 1:1.9 

 1:2.2 

1:5.5 

1:7.3 

In
te

n
si

ty
 (

a
.u

.)

2θ

 

 

 

 

 

 

 

 

 

                                                   

                                      

                                 

                                      ( )                                                                                             ( )  

 

 

  

 

  

  

  

  

 

 

 

 

                                            ( )                                                                                          ( ) 

 
 
 3  XRD   

( )  

( )  CTAB  

( )  ethanol  

( )  100oC 
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                     ( )                                                        ( )                                                          ( )                                                      

 4   SEM                

 ( )  9  ( ) 11  0.5M 

Na2SO4 ( ) 13  0.5M KCl 

  3    d-spacin� 

   P123 :F127 = 3:7  0.5 M HCl  0.1M 

Na2SO4  CTAB (P123+F127):CTAB   

Sample 

No. 

Molar ratio 

of CTAB 
A

a

(m
2
/g) 

Vmeso
b

(cm
3
/g) 

Vpore
c

(cm
3
/g) 

rp
d

(nm) 

d100

(nm)  

14 

15 

16 

17 

18  

1.7  

2.0  

2.3  

2.6  

2.9  

757 

804 

755 

782 

809  

0.43 

0.50 

0.48 

0.50 

0.52  

0.55 

0.60 

0.57 

0.58 

0.61 

3.66 

3.19 

3.11 

2.97 

2.89  

9.80 

9.80 

9.69 

9.59 

9.19  
a  b c  d  

  4    d-spacin�  

ethanol  P123:F127 = 3:7  0.5 M HCl  0.1M Na2SO4  

EtOH  H2O:EtOH   

Sample 

No. 

Molar ratio 

H2O:EtOH   
A

a

(m
2
/g) 

Vmeso
b

(cm
3
/g) 

Vpore
c

(cm
3
/g) 

rp
d

(nm) 

d100

(nm) 

19 

20 

21 

22 

1:1.9 

1:2.2 

1:5.5 

1:7.3 

931 

887 

973 

770 

0.57 

0.54 

0.57 

0.50 

0.70 

0.65 

0.67 

0.58 

3.70 

3.59 

3.08 

2.97 

11.45 

11.31 

10.50 

10.26  
a  b c  d  
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  5   d-spacin�     

P123:F127 = 30:70  0.5 M HCl  0.1M Na2SO4

100oC    

Sample

No. 

Time for heat 

(day)   

A
a

(m
2
/g) 

Vmeso
d

(cm
3
/g) 

Vpore
e

(cm
3
/g) 

rp
g

(nm) 

d100

(nm)  

23 

24 

3 

5 

909 

1176 

0.70 

0.95 

0.75 

0.99 

4.11 

4.21 
11.92 

12.42 
a  b c  d  

 
 

 1-8  

 0.3M HCl  P123:F127  1:9  3:7 

 3:7  7:3  1 

 P123  (E block)  F127 

   

 P123  corona 

   

 HCl  0.5M  0.3M  

  

 

    
                                                                                                                                                        

 SEM  1-8  

     

 

 

 P123:F127  0.3M HCl 

 0.5M HCl  2  0.3M HCl 

                                                         
 XRD  Na2SO4 

 KCl  KCl 

  3( )  Zhan� (4)  KCl 
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 Na2SO4 

  KCl 

   

0.1M Na2SO4  0.5M Na2SO4  0.1M 

KCl  0.5M HCl    d-spacin� 

 λ = 2dsineθ  d-spacin�   

0.1M Na2SO4  0.5M Na2SO4  0.1M KCl  0.5M KCl  d-

spacin�  2  SEM  9-13  KCl 

  Na2SO4 

 4  

(cosurfactant) 14-18 

 CTAB  

 d-spacin�  3  CTAB 

 P123  F127  

CTAB   

  XRD  CTAB 

  3( )  

 

  Zhan� (4)  P123  CTAB 

 CTAB 

  
                               

(cosolvent)  19-22 

 EtOH 

 d-spacin�  4  EtOH 

 

 EtOH 

 

 Katiyar (3)  EtOH  20 ml  30 ml   40 ml 

  XRD  EtOH  

 3( )  

 EtOH 
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 100oC 

 23-24 

 d-spacin�  5 

  XRD 

 3( ) 

  Chen 

(5) 

 

 
 

                                                                                                         

   P123  

F127  TEOS  

   

1.  P123:F127  1:9  3:7  

 P123:F127  3:7  5:5  7:3  

 

2.  0.3M  0.5M     

 

3.  Na2SO4    KCl  

4.KCl   Na2SO4 

 

5.  CTAB   

6.  ethanol   

7.  100oC  

 

 

    

             

 Counter 3100  
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            4822073 

 

                                                                             

 ( )                            2548 

 

 

     . 2550.  

             P123  F127 .   

  8.  ( ).   

 




