
 

 

Contents

 

RESUMEN ...............................................................................15 

RESUM....................................................................................19 

SUMMARY...............................................................................23 

 

INTRODUCTION .....................................................................27 

1.1. OBJECTIVES ..........................................................................27 
1.2. POLY(2-HYDROXYETHYL ACRYLATE).............................................28 
1.3. INTRODUCTION TO THE SOL-GEL PROCESS.....................................30 

1.3.1. Sol-gel reactions ...........................................................31 
1.3.2. Factors affecting the hydrolysis rate of tetraethoxysilane..33 
1.3.3. pH influence on the condensation mechanism .................35 
1.3.4. Silica growth: linear versus branched species ..................36 

1.4. INTRODUCTION TO COMPOSITES.................................................39 
1.4.1. Composite composition..................................................40 
1.4.2. Filler structure ..............................................................41 
1.4.3. Interfaces and interphases ............................................42 

1.5. SOL-GEL DERIVED NANOCOMPOSITES ...........................................43 
1.5.1. Silica reinforced poly(2-hydroxyethyl acrylate).................44 

1.6. SCAFFOLDS MADE BY HYBRID MATERIALS ......................................46 
1.7. NANOINDENTATION ASSAYS BY ATOMIC FORCE MICROSCOPY .............47 
1.8. KINETICS OF THE STRUCTURAL RELAXATION PROCESS IN 
NANOCOMPOSITES BY DIFFERENTIAL SCANNING CALORIMETRY .................54 

 

MATERIALS AND METHODS....................................................57 

2.1. MATERIALS ...........................................................................57 
2.1.1. PHEA-silica nanocomposites...........................................57 
2.1.2. Copolymer nanocomposites ...........................................59 
2.1.3. Nanocomposite scaffolds ...............................................60 



 

 

2.2. EXPERIMENTAL TECHNIQUES......................................................61 
2.2.1. Density and solvent uptake measurements .....................62 
2.2.2. Fourier transform infrared spectroscopy (FTIR) ...............63 
2.2.3. Dynamic mechanical analysis (DMA)...............................63 
2.2.4. Thermogravimetric analysis (TGA)..................................63 
2.2.5. Scanning electron microscopy (SEM) ..............................64 
2.2.6. Transmission electron microscopy (TEM) ........................64 
2.2.7. Optical properties .........................................................65 
2.2.8. Differential scanning calorimetry (DSC)...........................65 
2.2.8.a. Standard heating scans ..............................................66 
2.2.8.b. Physical ageing assays................................................67 
2.2.9. Atomic Force Microscopy (AFM) .....................................68 
2.2.9.a. Tapping mode ...........................................................68 
2.2.9.b. Nanoindentation assays ..............................................69 
2.2.10. Scaffold porosity .........................................................70 
2.2.10.a. The apparent density method....................................70 
2.2.10.b. Mercury porosimetry.................................................71 
2.2.11. Pyrolysis.....................................................................72 
2.2.12. Computer simulation of the scaffolds pore structure.......72 
2.2.13. Silica dissolution..........................................................73 

 

RESULTS AND DISCUSSION ...................................................75 

3.1. SILICA STRUCTURE ON PHEA-DERIVED NANOCOMPOSITES ................75 
3.1.1. The silica size ...............................................................75 
3.1.2. Silica dispersion on PHEA-based sol-gel hybrid systems....82 
3.1.3. Porous distribution of silica ............................................86 

3.2. CHEMICAL AND/OR PHYSICAL BONDS BETWEEN ORGANIC AND INORGANIC 

PHASES?.....................................................................................88 
3.3. INFLUENCE OF THE SILICA AMOUNT ON THE NANOCOMPOSITE PROPERTIES
................................................................................................88 
3.3.1. Mechanical properties....................................................91 
3.3.2. Real silica contents and thermal stability.........................95 
3.3.3. Continuity of silica phase ...............................................98 
3.3.4. Confinement of PHEA owing to the coexistence with silica
..........................................................................................106 
3.3.5. Physical ageing in nanocomposites ...............................119 



 

 

 
3.5. NANOCOMPOSITE SCAFFOLDS WITH ORDERED CYLINDRICAL ORTHOGONAL 

PORES......................................................................................128 
3.5.1. Pore structure.............................................................128 
3.5.2. The silica phase within scaffolds...................................134 
3.5.3. Mechanical properties of scaffolds ................................135 
3.5.4. Changes in materials due to the scaffold fabrication process
..........................................................................................137 

 

CONCLUSIONS......................................................................141 

 

APPENDICES ........................................................................145 

APPENDIX 1: AFM IMAGES OF NANOCOMPOSITES’ SILICA AFTER PYROLYSIS 145 
APPENDIX 2: STIFFNESS OF PHEA-SILICA HYBRIDS MEASURED BY 
NANOINDENTATION .....................................................................151 
APPENDIX 3: CP-CPREF FOR PHEA-BASED NANOCOMPOSITES AT DIFFERENT 
ANNEALING TEMPERATURES ...........................................................157 

 

GLOSSARY............................................................................165 

 

REFERENCES ........................................................................169 


