
TABLE OF CONTENTS 
 

          Page 
 

TABLE OF CONTENTS          i 

LIST OF TABLES         ii 

LIST OF FIGURES         iii 

INTRODUCTION         1 

 Objective         3 
 Scope of Thesis        3 

LITERATURE REVIEW        4 

MATERIALS AND METHODS       14

 Equipments                      14 

Chemical substances        14 

Methods          15 

RESULTS AND DISCUSSION       19 

CONCLUSSION         36 

LITERATURE CITED        37 

APPENDIX          40 

 Appendix A         41 

CURRICULUM VITAE        43 

 

 

 

 

 

 

 

 

 

 

 

 



 ii

LIST OF TABLES 

 

  Table                                          Page 

 

       1     Infrared assignments of pure HPA, SPPSU and SPPSU/(PWA) 15 

       2     The ion exchange capacity and water uptake of the SPPSU  

    and composite membranes      22   

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii

LIST OF FIGURES   

 

Figure                    Page 
 
   1          Phosphoric acid fuel cells       5 

   2 Alkaline fuel cells        6 

    3 Molten Carbonate Fuel Cells      6 

   4 Solid oxide fuel cells       7 

   5 Proton exchange membrane fuel cells     8 

   6 The structure of Nafion       9 

  7 The structure of Zeolite was framework by water molecule.            11 

  8 The structure of Zeolite                   12 

 9 The primary structure of Keggin      13 

 10 FTIR spectra of PPSU, SPPSU and composite membranes   

            (SPPSU/(PWA/ZSM-5)-5% and SPPSU/PWA-30%)   20 

 11 H NMR spectra of SPPSU      21 

 12 TGA curves for a PPSU, SPPSU and composite membranes     

  measured in nitrogen at heating rate 10 ๐C/min.    23 

 13 TGA curves for a PPSU, SPPSU and composite membranes  

   measured in air at heating rate 10 ๐C/min.    24 

 14 DSC curves for a PPSU, SPPSU and composite membranes    

             measured in nitrogen at heating rate 10 ๐C/min.    25 

 15 SEM photographs of the ZSM-5 particles    27 

 16  SEM photographs for surface of composite membranes with various    

             inorganic contents: (a) pure SPPSU (b) 5 wt.% 

             (c) 15 wt.% (d) 25wt.%        27 

 17 EDS photographs for surface of composite membranes with  

  various inorganic contents: (a) pure SPPSU (b) 5 wt.% 

   (c) 15 wt.% (d) 25wt.%        28 

 

 



 iv

LIST OF FIGURES (Continued) 

 
Figure                    Page 

 

 18 SEM photographs for cross section of composite membranes  

  with various inorganic contents: (a) pure SPPSU (b) 5 wt.%  

 (c) 15 wt.% (d) 25wt.%         29 

 19 EDS photographs for cross section of composite membranes 

   with various inorganic contents: (a) pure SPPSU (b) 5 wt.% 

   (c) 15 wt.% (d) 25wt.%        30 

 20 The effect of ratio of PWA on ZSM-5 with the ion exchange capacity  32 

 21  The effect of inorganic content in the polymer membranes with ion    

            exchange capacity and water uptake     30 

22  The tensile strength of the composite membrane at different  

  amounts of the inorganic (0, 5 and 15%inorganic)   34 

 23  The young’s modulus of the composite membrane at different  

  amounts of the inorganic (0, 5 and 15%inorganic)   35 

 

 


