














v 
 

 

REFERENCES    116 

APPENDICES    128 

VITA    143 

        

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



vi 

 

LIST OF FIGURES 

 

 

 

             

2.1 Schematic representations of three common classes of  

polymer structure       8 

2.2 Various type of polymer structures     9 

2.3 Stress influences on polymers      11 

2.4 Effects of stress influences on polymers    11 

 2.5 Chemical structure of fats and oils     13 

 2.6 Hydrolysis reaction produces glycerol and fatty acids   13 

 2.7 Main fatty acids issued from vegetable and castor oil  14 

 2.8 Production (million tons and %) of nine major vegetables  

  oil in 2013/14        15 

 2.9 Citation trend of (a) publications and (b) patents on  

  bio-based polymers in recent years     16 

 2.10 Structures of pure MDI and polymeric MDI    18 

 2.11 Isomers of toluene diisocyanates     18 

 2.12 Chemical structure of TiO2      21 

2.13 Mechanism of photodegradation      25 

2.14 The chemical structures of HALS     37 

2.15 The structures of some UV absorbers     38 

2.16 Theory of antioxidant       40 

2.17 Quinone retard oxidation process     40 

2.18 Doping mechanism of nitrogen on titanium dioxide    43 

2.19 The UV light spectrum and solar radiation     46 

2.20 Correlation table for the infrared bands of polymers   50 

2.21 FTIR-ATR spectra of chitin, polyurethane and chitin- 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



vii 

 

polyurethane biocomposite      51 

2.22 Typical FTIR spectra of PU coating before and after  

exposures for two different time intervals under the  

300 nm cut-on filters in 50 °C/~0% relative humidity 

condition         53 

2.23 FTIR spectra of chitosan before and after 13 hours of  

UV-irradiation        54 

2.24 Tensile strength after different periods of weathering  57 

2.25 The effect of exposure time on maximum elongation  58 

2.26 UV-visible spectra of (a) unstabilized PET (b) with a  

detail on the region of 400 nm     59 

2.27 Possible reactions leading to the formation of  

quinone and diquinone groups      60 

2.28 UV-Vis spectrum for thin film (150-200 m) of RS-PU  61 

2.29 UV-Vis spectrum for thin film (150-200 m) of SF-PU  61 

2.30 Changes in UV-Vis spectra of chitosan/starch blends  

(75:25) after UV irradiation (0 - 13 hours)    62 

2.31 UV-Vis absorption spectra (diffuse reflectance) of the  

original unimplanted pure TiO2 (a) and the Cr ion  

implanted TiO2 (b-d), and the solar spectrum which  

reaches the earth       63 

2.32 Color change after QUV exposure for vinyl ester (VE), 

unsaturated polyester (UPE), unsaturated polyester- 

urethane hybrid (UPE hybrids) and polyurethane 

pultruded profiles (PU)      65 

2.33 Colour changes, evident on displayed wood panels for  

water based acrylic coatings with stabilizer combinations  

and increasing concentrations of nanoparticles of anatase-B 

 and rutile-A        65 

3.1 Flow chart of methodology of BP and BPC    67 

3.2 Instruments involve for characterization of  

BP and BPC        68 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



viii 

 

3.3 Waste cooking oil (WO) and virgin oil (VO)    69 

3.4 Biomonomer mixed with MDI and TiO2 using  

mechanical stirrer       71 

3.5 Biopolymer cast into a container     71 

3.6 Measurement of dry-film thickness of BP and BPC  

using micrometer       72 

3.7 The illustration of UV Accelerated Weatherometer   72 

3.8 Biopolymer thin film samples on a rack for UV 

light exposure        73 

3.9 The sample is mounted between two jaws of the tester 

and in line with the direction of pull      73 

3.10 Schematic illustration of tensile test thin films polymer  

according to ASTM D882      75 

3.11 Biopolymer as thin film sample for tensile test   75 

3.12 FTIR spectrometer-Perkin Elmer     76 

3.13 UV-Vis spectrophotometer - UNICO SQ-3802 model  77 

3.14 Thin film sample for UV/Vis spectroscopy    78 

3.15 Biopolymer thin films were fit into the 4-cell linear 

changer before testing       78 

4.1 FTIR spectra at region 4000-650 cm
-1

 of VOM   81 

4.2 FTIR spectra at region 4000-650 cm
-1

 of WOM   82 

4.3 FTIR overlay spectra at region 4000-650 cm
-1

 of  

VOM ( ____ ) and WOM ( _ _ _ )     82 

4.4 FTIR spectra at region 4000-650 cm
-1

 of VOP   83 

4.5 FTIR spectra at region 4000-650 cm
-1

 of WOP   84 

4.6 FTIR overlay spectra at region 4000-650 cm
-1

 of  

VOP ( _ _ _ _ ) and WOP ( _____ )     84 

4.7 FTIR overlay spectra of non-UV irradiated and UV 

irradiated of BP and BPC of (a) VOP (b) VOP2.5  

(c) VOP5 (d) VOP7.5 and (e) VOP10 at 250, 500, 750,  

1000, 2000 and 3000 hours      88 

4.8 FTIR overlay spectra of non-UV irradiated and UV 

irradiated of BP and BPC of (a) WOP (b) WOP2.5  

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



ix 

 

(c) WOP5 (d) WOP7.5 and (e) WOP10 at 250, 500, 750,  

1000, 2000 and 3000 hours      91 

4.9 Mechanism of photo degradation of BP and BPC after  

UV irradiation        92 

4.10 Average thickness for BP and BPC of (a) VOP and  

(b) WOP         93 

4.11 Graph of tensile strength (MPa) against UV  

 irradiation time for BP and BPC of VOP   94 

4.12 Graph of tensile strength (MPa) against UV 

irradiation time of BP and BPC for WOP    96 

4.13 Graph of elongation at break (%) against UV 

irradiation time (Hours) for BP and BPC of VOP   96 

4.14 Graph of elongation at break (%) against UV 

irradiation time (Hours) for BP and BPC of WOP            97 

4.15 Carbonyl index (CI) for non-UV irradiated and UV 

irradiated BP and BPC of VOP at 250, 500, 750,  

1000, 2000, and 3000 hours      99 

4.16 Carbonyl index (CI) non-UV irradiated and UV 

irradiated BP and BPC of WOP at 250, 500, 750,  

1000, 2000, and 3000 hours                         100 

4.17 Hydroxyl index (HI) for non-UV irradiated and UV  

irradiated BP and BPC of VOP at 250, 500, 750,  

1000, 2000, and 3000 hours                      102  

4.18 Hydroxyl index (HI) for non-UV irradiated and UV  

irradiated BP and BPC of WOP at 250, 500, 750,  

1000, 2000, and 3000 hours to UV light              103   

4.19 UV-Vis overlay spectra of absorbance for BP and  

BPC of (a) VOP (b) VOP2.5 (c) VOP5 (d) VOP7.5 

and (e) VOP10                            106 

4.20 UV-Vis overlay spectra of absorbance for BP and  

BPC of (a) WOP (b) WOP2.5 (c) WOP5 (d) WOP7.5  

and (e) WOP10                            108 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



x 

 

4.21 Yellowing changes of colour with extended UV  

irradiation time for BP and BPC of VOP; (a) non-UV 

irradiated and UV irradiated (b) 250, (c) 500, (d) 750, 

(e) 1000, (f) 2000, and (g) 3000 hours                   110 

4.22 Yellowing changes of colour with extended UV 

irradiation time for BP and BPC of WOP; (a) non-UV  

irradiated and UV irradiated (b) 250, (c) 500, (d) 750,  

(e) 1000, (f) 2000, and (g) 3000 hours              111 

 

 

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xi 

 

LIST OF TABLE 

 

 

 

 

2.1 Properties of titanium dioxide, TiO2     20 

2.2 Properties of anatase and rutile      21 

2.3 Various research on the TiO2 photocatalyst     23 

2.4 Various research on the polymer stabilization   36 

2.5 Three ranges of solar UV radiation spectrum    46 

2.6 Study on the sample preparation and UV irradiation 

for polymeric materials      48 

  2.7 Typical tensile strength for polymer     56 

2.8 Correlation between wavelength, colour, and 

complementary colour      58 

3.1 BP and BPC of VOP and WOP doped with different  

percentage of TiO2       70 

        

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xii 
 

LIST OF SYMBOL AND ABBREVIATIONS 

 

A/Abs - Absorbance 

ASTM - American Society for Testing Materials 

ATR - Attenuated total reflection  

CO2 - Carbon dioxide 

FTIR - Fourier Transform Infrared 

H - Hours 

MDI - Methylene diisocyanate 

MPa - Mega Pascal 

TiO2 - Titanium dioxide 

% - Percent 

eV - 1.6  x 10
-19 

Joule 

λ - Wavelength 

nm  - Nanometer 

µm  - Micrometer 

°C - Degree Celsius 

BP - Biopolymer 

BPC  - Biopolymer composite 

CI - Carbonyl index 

HI - Hydroxyl index 

UV - Ultraviolet 

UV-Vis- Ultraviolet visible 

VO - Virgin oil 

VOM - Virgin oil monomer 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xiii 
 

VOP  - Virgin oil polymer 

WO - Waste oil 

WOM - Waste oil monomer 

WOP - Waste oil polymer 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xiv 

 

 

LIST OF APPENDICES 

 

APPENDIX   TITLE     PAGE 

 

A  Presented paper     129 

B  Chemical and apparatus    136 

 C  Experimental data     138 

       

 

 

 

 

 

 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



 

 

 

 

CHAPTER 1 

  

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

In recent years, increasing interest in the development of more environment friendly 

polymer products such as plastics is observed. This trend has been spurred not only 

by the realization that the supply of fossil resources is inherently finite, but also by a 

growing concern for environmental issues, such as volatile organic solvent emissions 

and recycling or waste disposal problems at the end of a resin’s economic lifetime.  

Furthermore, developments in organic chemistry and fundamental knowledge on the 

physics and chemistry of paints and coatings enabled some problems encountered in 

vegetable oil based products to be solved.  This resulted in the development of 

coatings formulations with much improved performances that are based on 

renewable resources (Derksen et al., 1996). 

Palm oil is one of the most widely used plant oils in the world, which is 

grown in mass plantation in tropical countries. The competitive environment of the 

industry provides the drive needed to develop plastic materials that utilize less 

expensive material. Palm oil differs from its major competitors (soybean, sunflower 

seed, and rapeseed oil) in that it is obtained from a perennial tree crop and drought 

impacts are less severe in comparison to oilseed crops. Palm oil which contains 

significant amount of saturated bonds that presumably contribute to the non-drying 
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property of the resin synthesized. The non-drying alkyds have made tremendous 

improvement in quality of nitrocellulose lacquers. Preparation of the alkyd resin from 

non-drying palm oil may expand the application of the oil in various areas as 

environment-friendly materials, because of its abundance and renewability. There is 

no study reported on the synthesis of alkyd resin based on palm oil so far. However, 

the use of petroleum based monomers in the manufacture of polymers is expected to 

decline in the coming years because of spiraling prices and the high rate of depletion 

of the stocks. This has inspired the technologists all over the world to investigate 

renewable natural materials as an alternate source of monomers for the polymer 

industry as substitute for the petroleum-based monomers to manufacture polymers 

(Issam and Cheun, 2009). 

 The evaluation of the resistance to weathering of materials can be done by 

direct weathering outdoors, but for most purposes it is more practical in economical 

and time consumption terms to assess material performance by exposed to artificial 

light sources that accelerate the degradation. Degradation of polymeric materials by 

exposure to solar radiation or light is referred to as photo-oxidation. It is a free 

radical process, progressing even at low temperatures by the combine action of light 

and oxygen. Thermal oxidation is always superimposed on photo-oxidation 

(Robinson et al., 2011). 

Under the action of sunlight, polymer materials undergo a series of oxidative 

reactions that lead to chemical degradation, with consequences like brittleness, loss 

of brightness, colour change, opacity and formation of surface cracks. Besides the 

reduction in molecular weight, a number of changes take place in the molecules 

during photodegradation with the formation of chemical groups like carbonyl, 

carboxylic acids and hydroperoxides (Rabek, 1995).  

Products like fibres and films tend to deteriorate under UV exposure to UV 

light, resulting mainly in fragility and loss of transparency. The degradation and 

stabilization of some types of polymer, like polyethylene were extensively 

investigated throughout the years and hence the degradation mechanisms and their 

controlling factors are reasonably well established (Fechine et al., 2002). The 

common polymers normally photo degrade are fairly well known, but various aspects 

of the mechanisms involve remain uncleared. It is important to take into account very 

significant influence of compounding additives in modifying the chemical pathways, 
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which are pigments, extenders, photo stabilizers and thermal stabilizers (Al-

Shammary, 2011).  

Normally polymers such as plastics are susceptible to auto-oxidation initiated 

by heat or UV-light during processing or long term use. In order to prevent the 

degradation of polymers, much kind of stabilizers have been developed and are now 

use widely in many applications. Normally for coloured materials, combination of 

UV absorbers and light stabilizer are used to achieve a measure of protection and 

prevent photo-oxidation (Gugumus, 1993). The aim of this study was to investigate 

the effect of UV stabilizers on the photodegradation of biopolymer composite. Film 

samples were exposed in the UV weatherometer and tested for mechanical properties 

and physical changes. 

 

 

1.2 Background of study 

 

 

Great interest towards biobased polymer in various applications is due to limited 

resources of petroleum based polymers and increased environmental concern. The 

development of novel feedstocks for polyurethanes derived from renewable materials 

has become important because the use of polyurethane polymers is increasing at a 

rate of 1 million tonnes a year. The reaction of organic isocyanate with compounds 

containing OH (hydroxyl) groups is capable of wide application in polymer 

formation. Thus the urethane linkage, –(NHCOO)- can be produced by reacting 

compounds containing active hydrogen atoms with isocyanate, where polymer 

formation can take place if the reagents are di- or polyfunctional.  

 In this study, virgin and waste monomer was converted into a biopolymer 

composite with low loading of filler. This filler is widely used as a white pigment 

because of its brightness, very high refractive index (n = 2.4), cheap and abundance. 

It is also an effective opacifier in powder form or as a pigment to provide whiteness 

and opacity to products such as paints, coating, plastics, paper, inks, foods and most 

toothpaste. Titanium dioxide (TiO2) is a semiconductor, with a band gap of 3.1 eV 

for rutile and tends to lose oxygen and become sub-stoichiometric. TiO2 shows 

relatively high reactivity and chemical stability under ultraviolet light (λ<387 nm). 

TiO2 of photostabilizer is non-toxic and chemically stable (Zaleska, 2008; Anika 
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CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1 Polymer 

 

 

Polymer is materials that the molecular structure consists of one or more structural 

units (monomers) repeated any number of times (Fried, 2008). Homopolymer has 

only one kind of structural unit which is repeated, while a copolymer has two or 

more different structural units which are repeated (Oil and Colour Chemists 

Association Southern Africa, 2011). 

A polymer, from the Greek poly, meaning “many”, and meros meaning “part” 

is a long molecule consisting of many small units (monomers) joined end to end. A 

polymer is analogous to a necklace made from many small beads (monomers). There 

are many types of polymers including synthetic and natural polymers. Certain 

polymer, such as proteins, cellulose, and silk, are found in nature which are produced 

by living organism, known as biopolymers, while many others, including 

polystyrene, polyethylene, and nylon are produced only by synthetic route (Mc Crum 

et al., 2003; Wicks et al., 2007).   

 Another common name for many synthetic polymers is plastic which comes 

from the Greek word "plastikos", suitable for moulding or shaping. Many objects in 

daily use from packing, wrapping, and building materials include half of all polymers 

are synthesized. Other uses include textiles, TV's, CD's, automobiles, and many other 
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