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ABSTRACT 

 

 

 

 

In this study, the influences of different plant natural fibres (PNF) on the 

properties of poly (acrylic acid) (PAA) based hydrogel were investigated. Polymer 

hydrogel composites (PHGCs) of poly (acrylic acid) grafted microfibre of cotton 

(CTN) and oil palm empty fruit bunch (OPEFB) were successfully prepared using 

solution polymerization technique. Surface methodology and central composite 

design (CCD) were used to optimize the best content of the initiator (APS), cross-

linker (MBA), neutralizer (NaOH) and plant natural microfibres (CTN, OPEFB).  

The functional groups of PHGs were characterized using Fourier Transform Infrared 

(FTIR). The effects of CTN and OPEFB on swelling rate, re-swelling capability, 

thermal, mechanical, biodegradation properties were investigated. Morphological 

study of PHGs was carried out using Scanning Electron Microscopy (SEM). The 

effect of PHGs on soil holding capacity, urea leaching loss rate (ULLR) and red okra 

plant growth were evaluated.  The average optimum content of APS, MBA, NaOH 

and natural fibre were 1.3-1.6, 0.15-0.16, 11.9-14.6 and 13.9-15 wt. % respectively. 

SEM images indicated that the polymer hydrogel grafted CTN fibre has bigger pore 

size than that of polymer hydrogel grafted OPEFB fibre and plain PHG. PHGs 

grafted natural fibres showed higher thermal stability, mechanical properties, 

biodegradation, swelling rate and re-swelling capability compared to plain polymer 

hydrogel. Polymer hydrogel grafted micro natural fibre of high cellulose content 

(CTN) has superior properties compared to that of grafted with microfibre of less 

cellulose content (OPEFB) and plain polymer hydrogel. Polymer hydrogel 

composites as soil conditioner and slow release system have positive effect on the 

holding capacity of sandy soil, ULLR and consequently on red okra plant growth.        
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ABSTRAK  

 

 

 

 

Dalam kajian ini, pengaruh serat semulajadi tumbuhan (PNF) yang berbeza 

ke atas sifat-sifat poli (akrilik asid) (PAA) berasaskan hidrogel telah disiasat. 

Komposit-komposit hidrogel polimer (PHGCs) daripada poli (akrilik asid) 

tercangkuk berserat kapas gentian mikro dan tandan kosong kelapa sawit (OPEFB) 

telah berjaya disediakan dengan menggunakan teknik pempolimeran larutan. Kaedah 

permukaan dan rekabentuk komposit berpusat (CCD) telah digunakan untuk 

mengoptimumkan kandungan terbaik pemula (APS), pemaut silang (MBA), 

peneutral (NaOH) dan gentian-gentian mikro semulajadi tumbuhan (CTN, OPEFB). 

Kumpulan berfungsi PHGs telah dicirikan menggunakan Spektroskopi Infra Merah 

(FTIR). Kesan CTN dan OPEFB ke atas kadar pembengkakan, kebolehan 

membengkak semula, terma, mekanikal dan sifat-sifat biodegradasi telah dikaji. 

Kajian morfologi PHGs telah dijalankan menggunakan Mikroskopi Imbasan Elektron 

(SEM). Kesan PHGs ke atas kapasiti pegangan tanah, kadar kehilangan larut lesap 

urea (ULLR) dan pertumbuhan tanaman bendi merah telah dinilai. Kandungan purata 

optimum APS, MBA, NaOH dan serat semula jadi masing-masing adalah 1.3-1.6, 

0.15-0.16, 11.9-14.6 dan 13.9-15 wt.%. Imej SEM menunjukkan bahawa polimer 

hydrogel tercangkuk gentian CTN mempunyai saiz liang yang lebih besar berbanding 

polimer hydrogel tercangkuk OPEFB dan PHG tulen.  PHGs tercangkuk gentian-

gentian semulajadi menunjukkan kestabilan terma, sifat-sifat mekanikal, 

biodegradasi dan kebolehan membengkak semula yang tinggi terhadap PHGs tulen. 

PHG tercangkuk gentian mikro semulajadi dengan kandungan selulosa tinggi (CTN) 

mempunyai sifat-sifat lebih baik berbanding dengan yang tercangkuk gentian mikro 

kandungan selulosa rendah (OPEFB) dan polimer hidrogel tulen. Komposit polimer 

hidrogel sebagai pelembap tanah dan sistem lepas perlahan mempunyai kesan positif 

ke atas kapasiti pegangan tanah berpasir, ULLR dan pertumbuhan tanaman bendi 

merah. 

  



vii 

 

 

 

 

 

TABLE OF CONTENTS 

 

 

 

 

CHAPTER              TITLE          PAGE 

    

      ACKNOWLEDGEMENT                                                                      iv 

      ABSTRACT                                                                                              v 

     ABSTRAK                                                                                                vi 

     TABLE OF CONTENTS                                                                       vii 

      LIST OF TABLES                                                                                 xii 

      LIST OF FIGURES                                                                              xiv 

      LIST OF ABBREVIATIONS                                                            xviii 

      LIST OF SYMBOLS                                                                             xx 

      LIST OF APPENDIXES                                                                      xxi 

 

1      INTRODUCTION                                                                                        1 

1.1 Research Background                                                                          1 

1.2 Problem Statement 3 

1.3 Objectives of the Study 4 

1.4 Scope of the Study 5 

1.5 Significant of the Study 6 

 

2     LITERATURE REVIEW                                                                            7 

2.1 Polymer Hydrogels (PHGs) 7 

2.2 Composite and Polymer Hydrogel Composites (PHGCs) 9 

2.3 Preparation of Polymer Hydrogels  10 

2.3.1  Raw Materials of Polymer Hydrogels  10 

2.3.2  Polymerization Techniques of Polymer Hydrogels  11 

2.3.2.1  Solution Polymerization                                             12 

2.3.2.2  Suspension Polymerization                                        12 



viii 

 

2.3.2.3  Polymerization by Irradiation                                    13 

2.4 Classification of Polymer Hydrogels                                                 13 

2.4.1  Thermo-sensitive Polymer Hydrogels                                     15 

2.4.1.1  Negative Temperature-sensitive  Polymer             

Hydrogels                                                                   15 

2.4.1.2  Positive Temperature-sensitive Polymer        

Hydrogels                                                                   16 

2.4.1.3  Thermo-reversible Polymer Hydrogels                      17 

2.4.2   pH-sensitive Polymer Hydrogels 19 

2.4.2.1  Anionic pH-sensitive Polymer Hydrogels                  19 

2.4.2.2  Cationic pH-sensitive Polymer Hydrogels                 20 

2.4.3   Electric Signal-sensitive Polymer Hydrogels 20 

2.5 Properties of Polymer Hydrogels 21 

2.5.1  Swelling Ratio and Absorption Capacity 21 

2.5.2  Release Behaviour 23 

2.5.3  Mechanical Properties 24 

2.6  Factors Affecting Polymer Hydrogel Properties 27 

2.6.1  Cross-linker and Cross-linking Density 27 

2.6.2  Initiator Content 31 

2.6.3  Degree of Neutralization (DON) 32 

2.6.4  Solvent Volume and Concentration 34 

2.6.5  Chemical Structure and Monomer Molar Ratio 35 

2.6.6  Fibres Type and Content 36 

2.6.7  Ionic Strength of Absorbed Fluid 37 

2.7 Applications of Polymer Hydrogels 38 

2.7.1  Agricultural Application 38 

2.7.2  Biomedical Application 42 

2.7.3  Water Treatment Application 43 

2.8 Polyacrylic Acid  44 

2.9 Biodegradation of Polyacrylic Acid 45 

2.10 Cellulose and Natural Fibre 45 

2.11   The Effect of Plant Natural Fibres on Polymer Hydrogel       

Properties 48 



ix 

 

2.11.1  The Effect of Plant Natural Fibres on Swelling Ratio of 

Polymer Hydrogels 48 

2.11.2  The Effect of Plant Natural Fibres on Biodegradation of 

Polymer Hydrogels 50 

2.11.3  The Effect of Plant Natural Fibres on Thermal Stability of 

Polymer Hydrogels 51 

2.11.4  The Effect of Plant Natural Fibres on Mechanical Properties 

of Polymer Hydrogels 53 

2.12 Cotton Fibre 53 

2.13 Oil Palm Empty Fruit Bunch Fibre 55 

2.14 Response Surface Methodology (RSM) 56 

 

3    METHODOLOGY                                                                                     59 

3.1 Materials 59 

3.2 Experimental Design and Statistical Analysis 60 

3.3 Preparation of Polymer Hydrogel Composites  62 

3.4 Testing and Charaterization 63 

3.4.1  Measurement of Water Absorption Capacity (WAC) 63 

3.4.2  Fourier-transform Infrared (FTIR) Spectroscopy 64 

3.4.3  Thermal Stability 64 

3.4.4  Morphological Analysis 65 

          3.4.5  Particle Size Distribution  65 

3.4.6  Swelling Rate and Re-swelling Capacity 65 

3.4.7  Gel Content 66 

3.4.8  The Effect of Salt Solution on Water Apsorbtion Capacity  67 

3.4.9  Absorption Under Load (AUL) 67 

3.4.10 The Effect of Buffer Solution on Water Apsorbtion     

Capacity  69 

3.4.11  Water Release Rate from Polymer Hydrogels  69 

3.4.12  The Effect of Polymer Hydrogels on Sandy Soil Holding 

Capacity 70 

3.4.13  Urea Leaching Loss Rate (ULLR) 70 

3.4.14  Soil Burial Test 73 



x 

 

3.4.15  Agricultural Field Evaluation of Polymer Hydrogel 

Composites  73 

3.5 Research Design Flow Chart                                                             74  

 

4     OPTIMIZATION AND CHARACTERIZATION OF POLYMER        

HYDROGEL COMPOSITES                                                                   75 

4.1 Overview 75 

4.2 Statistical Analysis and Model Fitting of Polymer Hydrogels-g-

cotton Fibre 76 

4.3 Statistical Analysis and Model Fitting of Polymer Hydroel-g-oil 

Palm Empty Fruit Bunch Fibre 77 

4.4 The Optimum Content of Initiator and Cross-linker Agent  80 

4.5  The Optimum Content of Neutralizer and Natural Fibres 85 

4.6 Reaction Steps and Proposed Mechanism 88 

4.7 FTIR Analysis 90 

4.8 Thermal Stability 91 

4.9 Morphological Study 94 

4.10 Fibre Size Distribution 97 

4.11 Summary 98 

 

5     SWELLING BEHAVIOUR AND FIELD AGRICULTURAL 

EVALUATIONS                                                                                         99 

5.1 Overview 99 

5.2 Swelling Rate 100 

5.3 Re-swelling Capacity 102 

5.4 The Effect of Buffer Solution on Water Apsorbtion Capacity  103 

5.5 Absorbency in Saline Solution 104 

5.6 Gel Content 106 

5.7 Water Release Rate 107 

5.8 Absorption Under Load (AUL) 108 

5.9 Burial Test 109 

5.10 The Effect of Polymer Hydrogel Composites on Water Holding 

Capacity of Sandy Soil 112 

5.11 Urea Leaching Loss Rate in Sandy Soil 114 



xi 

 

5.11.1  Urea Leaching from Polymer Hydrogel-g-cotton Fibre 114 

5.11.2  Urea Leaching from Polymer Hydrogel-g-oil Palm Empty 

Fruit Bunch 115 

5.12 Agricultural Field Evaluation 117 

5.12.1  Evaluation of Polymer Hydrogel-g-oil Palm Empty Fruit 

Bunch Fibre in Sandy Soil 118 

5.12.2 Evaluation of Polymer Hydrogel-g-cotton Fibre in Sandy   

Soil 120 

5.13 Summary 123 

 

6      CONCLUSION AND RECOMMENDATIONS                                   125 

6.1 Conclusion 125 

6.2 Recommendations 126 

 

REFERENCES                                                                                                 128 

       Appendices A-C            151-158 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 

 

 

 

 

 

 

LIST OF TABLES 

 

 

 

 

TABLE NO:                         TITLE                      PAGE 

 

2.1 Effect of the neutralization degree of acrylic acid at various  

cross-linking agent concentrations on water absorbency  

of the synthesized beads      33 

2.2            Comparison of absorbency with various hydrogels   38 

2.3             Chemical composition of some natural fibres   47 

3.1  List of materials and their chemical formulas   60 

3.2   Independent variables and their high and low levels   61 

4.1  Response surface central composite design and water    

absorption capacity        79 

4.2   Regression cofficient of the quadratic polynomial model  80 

5.1  The result of biodegradation burial test in sandy soil             111      

5.2   The result of biodegradation burial test in compost soil                    111 

5.3  The average of height, stem diameter and number of leaves of  

rad okra during 12 weeks of planting; a) Treated with 2 wt. % of  

loaded hydrogel composite (S1), b) treated with 2 wt. % of  

unloaded  hydrogel composite, c) Treated with urea, 

d) Control sample                       118 

5.4 The average of height, stem diameter and number of  

leaves of rad okra during 12 weeks of planting; a) Treated  



xiii 

 

with 2 wt. % of  loaded hydrogel composite (S1), b) treated 

 with 2 wt. % of unloaded hydrogel composite,  

c) Treated with urea, d) Control sample                         120 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 

 

 

 

 

 

LIST OF FIGURES 

 

 

 

 

FIGURE NO:              TITLE           PAGE  

 

2.1  Classification of PHG Materials depended on different  

point of view        14 

2.2   Negatively Temperature-Sensitive PHGs    16  

2.3 Sol–gel phase-transition of a glucose-sensitive hydrogel.  

Large circles represent Con A, a glucose-binding protein.  

Small open and closed hexagons represent polymer- 

attached glucose and free glucose, respectively    18 

2.4             Thermo-reversible PHGs (Pluronic and Tetronic)              18 

2.5            Anionic pH-Sensitive PHGs      19 

2.6  Fractional release profiles of theophylline at 310 ± 0.2 K  

from glassy poly(acrylic acid-co-acrylamide)  

(50/50%)/MBAAm hydrogels in water: (  ) 0.67%  

MBAAm, (  ) 1.00% MBAAm, (  ) 1.25% MBAAm, 

(  ) 1.50% MBAAm       24 

2.7   Nanocomposite of polymer hydrogels    26 

2.8   Effect of mMBAN/mAA on the swelling ratio of the super- 

                        absorbent Polymer. Reaction condition; mAPS/mAA, 

                        0.04; mAA/mCMCTS, 6.5; time, 5h; temperature, 60 
o
C;  

neutralization degree 50 %; water volume,150 mL   28 

2.9  Linking sites of diffrent cross-linker a) 1,4- butandiol  

dimethacrylate, b) ethylene glycol dimethacrylate,  

c) N,N'-methylene bis acrylamide, d) trimethylolpropane  

triacrylate        29 

2.10  Illustration of surface cross-linking method of polymer  

hydrogels         30 



xv 

 

2.11   Effect of mAPS/mAA on the swelling ratio of the super- 

                        absorbent polymer. Reaction condition; mMBAM/mAA,  

                        0.012; mAA/mCMCTS, 6.0; time ,5h;temperature, 60 
o
C;  

neutralization degree 50 %; water volume,150 mL               31 

2.12  The most common models that expressed  the effect of  

degree of neutralization on water absorption capacity of  

polymer hydrogels       32   

2.13             Polymer hydrogel composite of poly acrylic acid   36 

2.14  Release behavior of nitrogen, phosphorus, potassium and  

urea from polymer hydrogels      40 

2.15  Radish plants planted in soil; A) untreated (control), and 

B) treated with polymer hydrogel     41 

2.16  Faba bean planted in soil for 9 weeks after planting; 

(A) untreated (control), (B) treated with poly acrylamide ,  

Based hydrogel (C) treated with poly acrylamide-alginat  

based hydrogel       41 

2.17   a) Dry state of poly acrylic acid, b) Chemical  

structure of PAA       44 

2.18             Classification of natural fibres     46 

2.19                 Cellulose chemical structure                  48 

2.20 Influence of wheat straw content on the absorbency of  

WS/PAA composite       49 

2.21   Biodegradability of various materials evaluated at 25 
o
C  51 

2.22  TGA curves of PAA (A) and WS/PAA (B) superabsorbent  

composite at a heating rate of 10 
o
C/min    52 

2.23   Cotton crop        54 

2.24  Oil palm empty fruit bunch fibre      56 

3.1  Schematics of hydrogel solution polymerization   63 

3.2  Schematic of absorption under load test    68 

3.3   Experimental device for simulation urea leaching loss rate  72 

3.4   The reaction between urea and p-aminodimethyl  

benzyldehide         72 

3.5   Flow chart of the research       74 

 



xvi 

 

4.1   Actual and predicted value of WAC of PAA-g-CTN  

hydrogels                 77 

4.2   Actual and predicted values of WAC of PAA-g-OPEFB  

hydrogels                    78 

4.3   Contour and 3D structures illustrating the effect of APS  

and MBA content on WAC of PAA-g-CTN hydrogels   83 

4.4   Contour and 3D structures illustrating the effect of APS  

and MBA content on WAC of PAA-g-OPEFB hydrogels   84 

4.5   Contour and 3D structures illustrating the effect of NaOH  

and CTN content on WAC of PAA-g-CTN hydrogels  86 

4.6 Contour and 3D structures illustrating the effect of NaOH  

and OPEFB fibre content on WAC of PAA-g-OPEFB  

hydrogels        87 

4.7 Proposed mechanism of neutralization and initiation 

stapes of PHGCs.             88 

4.8  Proposed mechanism of grafting and cross-linking stapes 

of PHGCs.         89 

4.9   FTIR spectrum of CTN, OPEFB and their composites with    

PHG of acrylic acid        91 

4.10 TGA thermogram of plain PHG, PHG-g-CTN,  

PHG-g-OPEFB, CTN and OPEFB fibre    93 

4.11 DTG of plain PHG, PHG-g-CTN, PHG-g-OPEFB, CTN 

and OPEFB fibre       93 

4.12   SEM image of Plain polymer hydrogel of PAA   95 

4.13   SEM image of PHGC of PAA-g-CTN    95 

4.14   SEM image of PHGC of PAA-g-OPEFB    96 

4.15   Digital camera image of plain PHG, PHG-g-CTN and  

PHG-g-OPEFB                      96 

4.16  Fibre size distribution of oil palm empty fruit and  

cotton fibre        97 

5.1  Comparison between PHGCs and plain PHG in view of  

swelling rate                 101 

5.2  Comparison between PHGCs and plain PHG in view of 

re-swelling capability                             102 



xvii 

 

5.3  Comparison between PHGCs and plain PHG of PAA in view 

of the effect of buffer solution on WAC              104 

5.4  The affect of salt solution of sodium chloride on WAC of  

polymer hydrogels                 105 

5.5   The effect of micro natural fibre on gel content of  

polymer hydrogel                 106 

5.6  Water release rate from polymer hydrogels              108 

5.7  Absorption under load                109 

5.8 Electron microscope images of PHGs before and after  

burial in sandy soil and compos for 16 weeks             112 

5.9   The effect of PHG and PHGCs on water holding  

capacity of sandy soil                 113 

5.10   Urea leaching loss rate from PHGC of PAA grafted CTN            115 

5.11   Urea leaching loss rate from PHGC of PAA grafted OPEFB           116 

5.12 Illustration of polymer hydrogel function as slow  

release system in agricultural soils               117 

5.13  The effect of PHG-g-OPEFB on okra plant growth within  

2,4,8 and 12 weeks of planting  ; a) Treated with 2 wt. % 

of loaded hydrogel composite (S1), b) treated with 2 wt. % 

of unloaded hydrogel composite, c) Treated with urea,  

d) Control sample                 119 

5.14  The effect of PHG-g-CTN on okra plant growth within 2,4  

and 8 weeks of planting  ; a) Treated with 2 wt. % of   

loaded hydrogel composite (S1), b) treated with 2 wt. %  

of unloaded  hydrogel composite, c) Treated with urea, 

            d) Control sample                             121 

5.15  The effect of PHG-g-CTN on okra plant growth within12  

   week of planting ; a) Treated with 2 wt. % of  loaded  

hydrogel composite (S1), b) treated with 2 wt. % of  

unloaded  hydrogel composite, c) Treated with urea,  

d) Control sample                            122 

5.16   Sample of okra plant production               123 

5.17   The proposed cycle of PHG materials in agricultural field            124 

 



xviii 

 

 

 

 

 

LIST OF ABBREVIATIONS  

 

 

 

 

AA  -  Acrylic Acid  

AC  -  Absorption Capacity 

Ag  -  Silver   

APS  -  Ammonium Persulfate 

Au  -  Gold  

AUL  -  Absorption Under Load  

C  -  Capacity 

Cd
+2

  -  Cadmium 

CCD  -  Central Composite Design 

CMC  -  Carboxymethycellulose  

Cu
+2

  -  Copper 

CTN  -  Cotton 

DON  -  Degree of Neutralization 

FTIR  -  Fourier Transform Infrared  

g  -  Grafted  

GG  -  Guar Gum 

Fe
+3

  -  Iron 

kC  -  Kappa-carrageenan 

LCST  -  Low Critical Solution Temperature  

LLR  -  Leaching Loss Rate  

MMT  -  Montmorillonite  

MBA  -  N,`N –Methylenebisacarylamide 

MB  -  Methylene Blue 

Mg  -  Magnesium 

Na  -  Sodium  

Na-AG  -  Sodium Alginate 

PNIPAAm -  Poly N-isopropyl Acrylamide 



xix 

 

N2  -  Nitrogen 

NaOH  -  Sodium Hydroxide   

OPEFB -  Oil Palm Empty Fruit Bunch 

PAA  -  Polyacrylic Acid 

PAAm  -  Poly Acrylamide  

PAN  -  Polyacrylonitril  

PEO  -  Poly Ethylene Oxide  

PVA  -  Poly (Vinyl Alcohol) 

PHGs  -  Polymer Hydrogels  

PHGCs -  Polymer Hydrogel Composites  

pKa  -  Acid Dissociated Constant 

pKb  -  Base Dissociated Constant 

PNaA  -  Polysodium Acrylate 

PNF  -  Plant Natural Fibre 

Refr.  -  Reference 

S  -  Safranine 

SAPC  -  Superabsorbent Polymer Composite  

SAP  -  Superabsorbent Polymer 

SEM  -  Scanning Electron Microscopy  

SH  -  Sodium Humate  

SR  -  Swelling Ratio  

TGA  -  Thermogravimetric Analysis  

U  -  Urea  

UCST  -  Upper Critical Solution Temperature  

ULLR  -  Urea Leaching Loss Rate 

WAC  -  Water Absorbent Capacity 

WS  -  White Straw 

Wt %  -  Weight Percentage 

M  -  Mass 

MW  -  Molecular Weight   

Pb
+2

  -  Lead 

V  -  Volume 

W  -  Weight 

   



xx 

 

 

 

 

 

LIST OF SYMBOLS 

 

 

 

 
o
C  -  Celsius  

µm  -  Micrometer 

mm  -  Millimeter  

min  -  Minute  

mg  -  Milligram  

h  -  Hour 

S
*
   -  Ionic strength of the Swollen Liquid 

Y  -  Response    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxi 

 

 

 

 

 

LIST OF APPENDICES  

 

 

 

 

APPENDIX     TITLE           PAGE 

 

A The most used material for PHG preparation and  

 their polymerization techniques                   149 

 

B   Abstract of publications in international journals       150 

 

C   Abstract of publications in international conferences      155 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

  

 

 

 

 

CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Research Background 

 

 

Polymer hydrogels (PHGs) are visco-elastic, loosely cross-linked, 

hydrophilic, of flexible polymer, three dimensional networks chains with dissociated 

ionic functional groups, that can absorb  large amount of water or other biological 

fluid in a short time [1-5]. PHGs have been abundantly used in disposable diaper 

industry for the past 35 years; their applications are still being expanded to many 

fields including agriculture, horticulture, sealing composites, artificial snow, drilling 

fluid additives, medicine for drug delivery system. Recently, the preparation of 

polymer hydrogels composites (PHGCs) received great attention because of their 

relatively low production cost and high water absorbency.  

 

 

There is a wide range of organic and inorganic materials available for 

preparation of PHGCs such as kaolinite, montmorillonite (MMT), hectite, saponite , 

synthetic mica, used paper,  oil palm empty fruit bunch (OPEFB) , and wheat straw 

(WS). Some of these materials are used in nanosize to prepare Nanocomposite of 

PHGs such as fabricated silver or zinc nanoparticles. PHGC materials find many new 

applications beyond those of PHG such as catalysis, optics, electronics, bio-medicals 
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and quantum-sized domain applications. In addition, there are some potential 

applications of PHGC in water treatments which have already been described [6, 7]. 

 

 

Certain kinds of fertilizer normally used to enhance agricultural soil and 

plants growth.  There are three main types of fertilizers that have been used in 

agriculture field which are soluble materials such as urea-formaldehyde, materials for 

deep placement such as urea super granules, and coated fertilizer [8].  The main issue 

that has to be considered during the use of these type of fertilizer is the leaching rate 

out of the soils structure which might lead to environmental pollution and low 

fertilization efficiency [9-13]. In addition, there are problems related with sandy soils 

such as high porosity, high irrigation water consumption, and low fertilizer retention 

[8, 14, 15].  

 

 

Therefore, materials with ability to absorb high amount of water and release it 

for long period of time combined with dissolved fertilizer can be a possible solution 

for mentioned problems. The system that is needed to do above mentioned purpose  

should have special characteristics such as high absorption capacity, 

biodegradability, optimum mechanical properties, slow and control release, and 

cheap.  

 

 

The main raw materials that are normally needed to synthesis PHGs are; 

polymer or monomers repeating unit, cross-linking agent, and initiator.  Several 

polymerization methods have been used to synthesize and prepare  PHGC such as 

solution polymerization or aqueous polymer solution [16], radiation polymerization 

[17] or photopolymerization [18, 19], suspension polymerization [20], reversible 

addition-fragmentation chain transfer (RAFT) polymerization [21], and free radical 

polymerization  [14, 18, 22].   

 

 

Previously, considerable number of  studies have been conducted on using  

polymer hydrogels in agriculture application for control-release of fertilizers [8, 12, 



3 

 

23-25], reduce environmental pollution [9-13], reduce irrigation water consumption, 

improve fertilizer retention in soil [8, 14, 15], eliminates leaching of nutrients, 

increase soil aeration and diminishes soil density [5].  

 

 

Recently, some studies have been conducted on using PAA hydrogels and 

PAA hydrogel composite as slow release system in agriculture.  These studies 

showed very good fertilizer (nitrogen, phosphorus, potassium, urea) management and 

low leaching rate [8, 9, 15]. 

 

 

 

 

1.2 Problem Statement 

 

 

There are some problems associated with fertilization process in agricultural 

fields particularly in sandy soil agricultural fields. Deep placement fertilizer such as 

urea is used worldwide in fertilization process. Urea leaching rate (ULR) considered 

as the main factor for fertilization efficiency. ULR is more pronounce in sandy soil 

due to its loose properties (high porosity and permeability).  High ULR in sandy soil 

leads to environmental pollution and low fertilization efficiency. In addition, sandy 

soil agricultural fields are the most irrigation water consumption in contrast to other 

kind of soil which means, sandy soils have low water retention.    

 

 

Biodegradation, mechanical properties and cost are the main challenges for 

using PHGs in agricultural application.  It is well known that PHGs based synthetic 

polymer have high resistant to microorganisms (bacteria, enzyme and fungus) and 

that might lead to environment pollution due to high amount of these materials have 

to be added to the agricultural fields. Poor mechanical properties of swollen PHGs 

lead to high release rate of absorbed water under a slight pressure. Moreover, using 

PHGs in agricultural application added an extra cost on crops production [8, 15, 26, 

27].         
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PHGs have to meet some characteristics to be suitable for agricultural 

application in irrigation and fertilization process. These characteristics include low 

production cost, high swelling capacity, slow release behaviors, high swelling rate, 

and biodegradable properties.  

 

 

In order to reduce costs and improve the comprehensive water absorption, 

degradability, and mechanical properties of the PAA hydrogels, PHG composites 

were synthesized consisting AA monomer and micro powder of oil palm empty fruit 

bunch and natural cotton fibers.  

 

 

 

 

1.3 Objectives of the Study  

 

 

The main aim of this work is to prepare polymer hydrpgel composite based 

on polyacrylic acid and natural fibre and study the effect of using different natural 

fibre of different chemical content on polymer hydrogel properties. The objectives of  

this study are as follows:  

 

 

i) To synthesize polymer hydrogel composite (PHGC) of poly acrylic acid 

(PAA) filled with microfiber of oil palm empty fruit bunch (OPEFB) and 

cotton (CTN) using solution polymerization technique. 

 

ii) To determine the optimum content of the initiator (APS), cross-linker   

(MPA), neutralizer (NaOH) and microfibers of CTN and OPEFB that give 

the highest absorption capacity sample. 

 

iii) To study the effect of CTN and OPEFB on mechanical properties 

(absorbing under load), biodegradation, thermal stability, swelling rate 

and re-swelling capability of PHGs.  
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iv) To evaluate the implementation  of PHGC as soil conditioner and slow 

release system through soil holding capacity, urea leaching loss rate and 

the effect of PHGC on okra plant growth.     

 

 

 

 

1.4 Scope of the Study 

 

 

In order to achieve the objectives of the study the following scopes were used: 

     

 

i) Preparation of Polymer hydrogel composites of PAA grafted OPEFB and 

CTN using free radical mechanism and solution polymerization technique. 

 

ii) Optimizations of the main factors that affect absorption capacity using design 

of experiment software and central composite design methodology.    

 

iii) Investigating the effect of buffer and saline solution on water absorption 

capacity and swelling properties.  

 

iv) Examining the effect of natural fibreon swelling rate, biodegradability and 

thermal stability of polymer hydrogel.    

  

v) Characterization of the functional groups and the internal networks structure 

of PHGs samples using FTIR and scanning electron microscopy (SEM) 

respectively.    

 

vi) Studying the effect of PHGCs on soil holding capacity and urea leaching loss 

rate (ULLR) using sandy soil and vessel method.  
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vii) Evaluating the effect of PHGC on plant growth in terms of number of leaves, 

length and diameter of the trunk and the quality of the production using red 

okra plant.  

 

 

 

 

1.5 Significant of the Study  

 

 

i) The developed model can be used to estimate the water absorption 

capacity of polymer hydrogel composite of different content of APS, 

MBA, NaOH and natural microfiber.   

ii) The prepared materials of hydrogel composite are environmentally 

friendly, can be used for agricultural field application as slow release 

system or as soil conditioner.  
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