
 

ix 
 

Content of the thesis 

Content Page No. 

Abstract i 

Declaration iii 

Certificate of supervisor iv 

Certificate of examiner v 

Preface vi 

Acknowledgement vii 

Contents of the thesis 

List of abbreviations and symbols 

ix 

xviii 

List of schemes xxi 

List of figures xxii 

List of tables xxvi 

Chapter 1 

General Introduction 

 

 

Highlights 1-1 

1.1. General introduction 1-2 

1.2. Historical background  1-3 

1.3. Materials and methods 1-5 

1.3.1. Materials 1-5 

1.3.1.1. Polysaccharide 1-5 

1.3.1.2. Proteins 1-8 

1.3.1.3. Monomers 1-10 

1.3.1.3.1. Bio-based monomers 1-12 

1.3.1.3.2. Synthetic based monomers 1-13 

1.3.1.4. Cross-linkers 1-14 

1.3.1.5. Nanomaterials (NMs) 1-14 

1.3.1.5.1. Cellulosic NMs 1-15 



x 
 

1.3.1.5.2. Metal/metal oxide nanoparticles (NPs) 1-17 

1.3.1.5.3. Nanoclay 1-18 

1.3.1.5.4. Graphene oxide (GO) 1-18 

1.3.1.6. Nanohybrid 1-19 

1.3.2. Methods 1-19 

1.3.2.1. Methods for preparation of hydrogel 1-19 

1.3.2.2. Methods for preparation of NMs 1-20 

1.3.2.3. Methods for preparation of HNCs 1-21 

1.4. Characterization and analysis 1-22 

1.4.1. Spectroscopic techniques 1-22 

1.4.1.1. Fourier transform infrared (FTIR) spectroscopy  1-22 

1.4.1.2. Ultraviolet-visible (UV-vis) spectroscopy 1-22 

1.4.1.3. X-ray photoelectron spectroscopy (XPS) 1-23 

1.4.2. Diffraction technique 1-23 

1.4.2.1. X-ray diffraction (XRD) 1-23 

1.4.3. Microscopic techniques 1-23 

1.4.3.1. Scanning electron microscopy (SEM) 1-23 

1.4.3.2. Field emission scanning electron microscopy 

(FESEM) 

1-24 

1.4.3.3. Transmission electron microscopy (TEM) 1-24 

1.4.4. Other technique 1-24 

1.4.4.1. Thermogravimetric analysis (TGA) 1-24 

1.4.4.2. Dynamic light scattering (DLS) and Zeta potential 

(ZP) 

1-24 

1.5. Testing methods 1-25 

1.5.1. Water swelling 1-25 

1.5.2. Fertilizer loading and its release  1-25 

1.5.3. Seed germination  1-25 

1.5.4. Adsorption 1-26 

1.5.5. Biodegradation  1-26 

1.5.6. Hemocompatibility 1-26 

1.5.7. Antibacterial test 1-26 

1.6. Properties 1-27 



xi 
 

1.6.1. Water swelling 1-27 

1.6.2. Stimuli responsive swelling capacity 1-27 

1.6.3. Water absorption under load (AUL) 1-28 

1.6.4. Slow-release fertilizer (SRF)  1-28 

1.6.5. Dye or metal ion removal capacity 1-29 

1.6.6. Biodegradability 1-29 

1.6.7. Hemocompatibility 1-30 

1.7. Applications 1-30 

1.7.1. Agricultural 1-30 

1.7.2. Wastewater treatment 1-32 

1.7.3. Biomedical 1-33 

1.7.4. Health and hygiene  1-33 

1.7.5. Miscellaneous 1-34 

1.8. Scopes and objectives  1-34 

1.9. Plan of research 1-35 

      References 1-36 

Chapter 2 

Synthesis of biobased superabsorbent hydrogel 

 

Highlights 2-1 

2.1. Introduction 2-2 

2.2. Experimental section 2-3 

         2.2.1. Materials 2-3 

         2.2.2. Methods 2-4 

                    2.2.2.1. Synthesis of SAHs 2-4 

                    2.2.2.2. Synthesis of urea encapsulated SAHs (USAH) 2-4 

                    2.2.2.3. Structural analysis 2-5 

                    2.2.2.4. Swelling studies 2-5 

                    2.2.2.5. Determination of percentage of grafting cross-linking 

and     grafting cross-linking efficiency 

2-6 

                    2.2.2.6. Determination of IA and AA content in the SAHs 2-6 

                    2.2.2.7. Evaluation of water AUL 2-6 

                    2.2.2.8. Kinetic studies for swelling 2-7 

                    2.2.2.9. Urea loading and release studies 2-8 



xii 
 

                    2.2.2.10. Biodegradation study 2-9 

                                         2.2.2.10.1. Soil burial test 2-9 

                        2.2.2.11. Determination of WHC of the soil 2-10 

                        2.2.2.12. Determination of particle density (PD), bulk 

density (BD) and porosity of the soil 

2-10 

                        2.2.2.13. Seed germination test 2-11 

2.3. Results and discussion 2-12 

2.3.1. Synthesis of SAHs 2-12 

             2.3.2. Structural analysis 2-13 

                         2.3.2.1. FTIR studies 2-13 

                         2.3.2.2. SEM analysis 2-14 

                         2.3.2.3. TGA analysis 2-15 

                         2.3.2.4. Study of water absorption behavior of the SAHs in 

different media 

2-16 

                        2.3.2.5. Estimation of grafted IA and AA content in the 

SAHs 

2-17 

                        2.3.2.6. AUL studies of the hydrogels 2-18 

                        2.3.2.7. Kinetic studies 2-18 

                                      2.3.2.7.1. Water diffusion of the hydrogels 2-18 

                                      2.3.2.7.2. PSO kinetic study for the swelling 2-19 

                       2.3.2.8. Urea loading efficiency and release profile studies 2-20 

                       2.3.2.9. Biodegradation study of the SAHs 2-21 

                       2.3.2.10. WHC of the soil 2-22 

                       2.3.2.11. PD, BD and porosity of the soil 2-22 

                       2.3.2.12. Seed germination rate 2-23 

2.4. Conclusion 2-24 

       References 2-25 

Chapter 3 

Synthesis of cellulosic wastepaper modified biobased superabsorbent 

hydrogel composite 

 

  

Highlights 3-1 

3.1. Introduction 3-2 

3.2. Experimental section 3-3 



xiii 
 

        3.2.1. Materials 3-3 

        3.2.2. Methods 3-4 

                    3.2.2.1. Methodology used to produce wastepaper powder 

(WPP) 

3-4 

                    3.2.2.2. Preparation of SAHCs 3-5 

                    3.2.2.3. Preparation of NPK encapsulated SAHCs 3-5 

                    3.2.2.4. Structural analysis 3-6 

                    3.2.2.5. Swelling test 3-6 

                    3.2.2.6. Fertilizer (NPK) release experimentation 3-6 

                    3.2.2.7. Kinetic models 3-7 

                    3.2.2.8. Biodegradation test 3-7 

                    3.2.2.9. Seed germination test 3-8 

                    3.2.2.10. Statistical analysis 3-8 

3.3. Results and discussion 3-8 

         3.3.1. Production of wastepaper powder (WPP) 3-8 

         3.3.2. Preparation of HC/WPP and HC/WPP/NPK 3-9 

         3.3.3. Characterization 3-9 

                   3.3.3.1. FTIR 3-9 

                   3.3.3.2. XRD 3-11 

                   3.3.3.3. FESEM 3-11 

                   3.3.3.4. TGA and DTG 3-12 

                   3.3.3.5. Water swelling 3-13 

                   3.3.3.6. NPK release 3-14 

                   3.3.3.7. Kinetic study of NPK release 3-15 

                   3.3.3.8. Biodegradation (soil burial method) 3-15 

                   3.3.3.9. Effect of HC/WPP/NPK on okra seed germination 3-18 

3.4. Conclusion 3-20 

       References 3-20 

Chapter 4 

Biobased hydrogel nanocomposite reinforced with wastepaper-

derived modified cellulose nanofiber 

 

  

Highlights 4-1 

4.1. Introduction 4-2 



xiv 
 

4.2. Experimental section 4-3 

        4.2.1. Materials 4-3 

        4.2.2. Preparation of CNF 4-3 

        4.2.3. Surface modification of CNF 4-4 

        4.2.4. Yield of mCNF 4-4 

        4.2.5. Preparation of HNC 4-4 

        4.2.6. Structural analysis 4-6 

        4.2.7. Water swelling test 4-6 

        4.2.8. Dye adsorption test 4-6 

        4.2.9. Kinetic models 4-7 

        4.2.10. Adsorption isotherm models 4-7 

        4.2.11. Mixed dye adsorption 4-8 

        4.2.12 Reusability experiment 4-8 

4.3. Results and discussion 4-8 

        4.3.1. Isolation and modification of CNFs 4-8 

        4.3.2. Preparation of the HNCs 4-9 

        4.3.3. Characterization 4-10 

                  4.3.3.1. FTIR 4-10 

                  4.3.3.2. TGA analysis 4-11 

                  4.3.3.3. XRD analysis 4-12 

                  4.3.3.4. Transmission electron microscope (TEM)/ Dynamic 

light scattering (DLS)/ Zeta potential analysis 

4-14 

                 4.3.3.5. SEM analysis 4-15 

                 4.3.3.6. Swelling property of HNC 4-15 

                 4.3.3.7. Dye adsorption with oven dried hydrogels 4-17 

                             4.3.3.7.1. Effect of contact time 4-18 

                             4.3.3.7.2. Effect of adsorbent dosages 4-18 

                             4.3.3.7.3. Dye concentration 4-19 

                4.3.3.8. Kinetic study 4-20 

                4.3.3.9. Adsorption isotherm study 4-20 

                4.3.3.10. Mixed dye adsorption study 4-21 

                4.3.3.11. Desorption and dye re-adsorption experiment 4-21 

4.4. Conclusion 4-22 



xv 
 

       References 4-22 

 

Chapter 5 

Biobased hydrogel nanocomposite containing modified cellulosic 

nanofiber-ZnO nanohybrid 

 

  

Highlights 5-1 

5.1. Introduction 5-2 

5.2. Experimental section 5-3 

         5.2.1. Materials 5-3 

         5.2.2. Methods 5-4 

                   5.2.2.1. Preparation of aqueous Thuja Oreantalis leaf 

phytoextract 

5-4 

                   5.2.2.2. Biosynthesis of modified-cellulose nanofiber/zinc 

oxide nanohybrid (ZONH) 

5-4 

                  5.2.2.3. Synthesis of ZONH reinforced HNC 5-4 

                  5.2.2.4. Structural analysis 5-5 

                  5.2.2.5. Water swelling capacity measurement 5-5 

                  5.2.2.6. Metal ion adsorption test 5-5 

                  5.2.2.7. Kinetic model 5-6 

                  5.2.2.8. Adsorption isotherm experiment 5-6 

                  5.2.2.9. Reusability experiment 5-7 

                  5.2.2.10. Biodegradation test 5-7 

5.3. Results and discussion 5-7 

        5.3.1. Synthesis of ZONH 5-8 

        5.3.2. Preparation of HNCs 5-8 

        5.3.3. Characterization 5-9 

                   5.3.3.1. UV-visible spectral analysis 5-9 

                   5.3.3.2. FTIR analysis 5-9 



xvi 
 

                   5.3.3.3. XRD analysis   5-10 

                   5.3.3.4. EDX analysis 5-11 

                    5.3.3.5. Dynamic light scattering (DLS) 5-12 

                    5.3.3.6. FESEM analysis 5-12 

         5.3.4. Water swelling study 5-13 

         5.3.5. Metal ion adsorption 5-14 

                    5.3.5.1. Effect of contact time 5-15 

                    5.3.5.2. Effect of adsorbent dose 5-16 

                    5.3.5.3. Effect of temperature 5-17 

                    5.3.5.4. Effect of pH 5-17 

                    5.3.5.5. Effect of initial metal ion concentration 5-18 

         5.3.6. Kinetic study 5-18 

         5.3.7. Adsorption isotherm study 5-19 

         5.3.8. Metal ion adsorption-desorption study 5-20 

         5.3.9. Biodegradation 5-22 

5.4. Conclusion 5-22 

       References 5-23 

Chapter 6 

Fabrication of a biobased hydrogel nanocomposite as a sustained 

drug delivery system 

 

  

Highlights 6-1 

6.1. Introduction 6-2 

6.2. Experimental section 6-3 

        6.2.1. Materials 6-3 

        6.2.2. Methods 6-3 

                  6.2.2.1. Fabrication of hydrogel nanocomposites (HNCs) 6-4 

                  6.2.2.2. Synthesis of in situ drug encapsulated HNCs 6-4 

                  6.2.2.3. Structural analysis 6-4 

                  6.2.2.4. Water swelling test 6-5 

                  6.2.2.5. Encapsulation efficiency (EE) measurement 6-5 



xvii 
 

                  6.2.2.6. Drug release test 6-5 

                  6.2.2.7. Kinetic models of drug release 6-6 

                   6.2.2.8. Antibacterial performance test 6-6 

                   6.2.2.9. Hemolysis assay 6-6 

6.3. Results and discussion 6-7 

        6.3.1. Preparation of HNCs 6-7 

        6.3.2. Characterization 6-8 

                6.3.2.1. FTIR 6-8 

                6.3.2.2. XRD 6-8 

                6.3.2.3. XPS 6-9 

                6.3.2.3. EDX analysis 6-11 

                6.3.2.4. FESEM 6-12 

                6.3.2.5. Water swelling study 6-12 

                6.3.2.6. EE of drug-loaded HNCs 6-13 

                6.3.2.7. Drug release study 6-13 

                6.3.2.8. Kinetic study of drug release 6-15 

                6.3.2.9. Antibacterial test 6-16 

                6.3.2.10. Hemolysis assay 6-17 

6.4. Conclusion 6-18 

       References 6-18 

Chapter 7 

Summary, conclusions and future scopes 

 

  

Highlights 7-1 

7.1. Summary and conclusions 7-2 

7.2. Future scopes 7-4 

 

 

 

List of Publications a-b 

 


	03_content

