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Arising concerns in environmental issues make the biodegradable polymers played 

increasing important role as environmental friendly materials. However, most 

biodegradable polymers like polyhydroxybutyrate (PHB) have poor properties which 

prohibit its commercial application. Therefore, the present work is aimed to modify 

and improve the properties of PHB to become nanocomposites. In this study, 

polyhydroxybutyrate/poly(lactic acid) (PLA)/modified magnesium aluminum 

layered double hydroxides (Mg/Al LDH) nanocomposites were prepared by solvent-

casting method. Mg/Al layered double hydroxide (MALDH) was first synthesized 

via a co-precipitation method from nitrate salt solution and then modified with 

sodium stearate via an anion exchange process. The modification increased the 

interlayer spacing of the MALDH from 7.88 to 30.26 Å. This suggests that the 

intercalation of stearate ions into the interlayer of MALDH was success. The 

modified Mg/Al LDH (SMALDH) was then used in the preparation of the PHB/PLA 

nanocomposites.  

 

 

The morphology, thermal, and mechanical properties of the PHB/PLA blends and 

nanocomposites were investigated using X-ray diffraction (XRD), Fourier transform 

infrared (FTIR) spectroscopy, thermogravimetric analyzer (TGA), and mechanical 

measurement, scanning electron microscopy (SEM), and transmission electron 

microscopy (TEM). The PHB/PLA blends were prepared before preparing the 

nanocomposites by solvent casting method in order to find the optimum ratio of the 

blends. Blending of PLA to PHB enhances the mechanical properties of PHB. The 

optimum ratio between PHB/PLA investigated was 90% PHB and 10% PLA which 

gave the maximum tensile strength and tensile modulus of PHB to 28.73 MPa and 

651.83 MPa, respectively. This suggested the good interfacial adhesion between 
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PHB and PLA. SEM of PHB/PLA blends show that the fracture surface of the PHB 

had been modified with the addition of PLA.  

 

 

The mechanical properties of the polymer blends nanocomposites depend on the 

amount of the SMALDH added into the PHB/PLA blends. The addition of 1.5 wt% 

of SMALDH improved the tensile strength and tensile modulus of PHB/PLA blend 

by 23% and 13%, respectively. XRD result and transmission electron micrograph 

showed that the nanocomposites produced are of mixture intercalated/exfoliated 

types. 
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Kebimbangan yang timbul dalam isu alam sekitar menjadikan polimer 

terbiodegradasi memainkan peranan yang semakin penting sebagai bahan mesra 

alam sekitar. Walau bagaimanapun, kebanyakan polimer terbiodegradasi seperti 

polihidroksibutirat (PHB) mempunyai ciri-ciri lemah yang melarang penggunaan 

komersialnya. Oleh itu, kajian ini bertujuan untuk mengubah suai dan memperbaiki 

sifat PHB dengan penyediaan nanokomposit. Dalam kajian ini, nanokomposit 

polihidroksibutirat/poli(asid laktik)/Mg/Al hidroksida berlapis ganda telah 

disediakan melalui kaedah pelarut. Mg/Al hidroksida berlapis ganda (MALDH) 

disintesis terlebih dahulu melalui kaedah ko-pemendakan daripada larutan garam 

nitrat dan kemudiannya diubah suai dengan natrium stearat melalui process 

pertukaran anion. Pengubahsuaian tersebut meningkatkan ruangan antara lapisan 

dalam MALDH daripada 7.88 kepada 30.26 Å. Ini menunjukkan bahawa interkalasi 

ion stearat ke dalam ruangan antara lapisan MALDH telah berjaya. Mg/Al LDH 

yang diubahsuai (SMALDH) digunakan dalam penyediaan nanokomposit PHB/PLA. 

 

 

Morfologi, sifat haba dan sifat-sifat mekanik dalam adunan PHB/PLA dan 

nanokomposit telah dikaji dengan menggunakan pembelauan sinar-X (XRD), 

spektroskopi inframerah Transform Fourier (FTIR), analisis termogravimetri (TGA), 

pengukuran ketegangan, mikroskopi pengimbasan elektron (SEM), dan mikroskopi 

transmisi elektron (TEM). Adunan PHB/PLA telah disediakan sebelum penyediaan 

nanokomposit dengan menggunakan teknik acuan pelarut untuk mencari nisbah 

optimum dalam campuran. Pengadunan PHB dengan PLA meningkatkan sifat-sifat 

mekanik PHB. Nisbah optimum antara adunan PHB/PLA diselidiki adalah 90% PHB 

dan 10% PLA yang memberikan kekuatan tegangan dan modulus tegangan yang 

maksimum. Kehadiran 10% PLA meningkatkan kekuatan tegangan dan modulus 

tegangan PHB masing-masing kepada 28.73 MPa dan 651.83 MPa. Ini 

mencadangkan lekatan antara muka yang baik antara PHB dan PLA. SEM adunan 
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PHB/PLA menunjukkan bahawa permukaan patah PHB telah diubahsuai apabila 

PLA diadun kepadanya.  

 

 

 

Sifat-sifat mekanik polimer adunan nanokomposit bergantung kepada kuantiti 

SMALDH yang ditambahkan ke dalam adunan PHB/PLA. Penambahan 1.5 % berat 

SMALDH meningkatkan kekuatan tegangan dan modulus tegangan adunan PHB / 

PLA  masing-masing sebanyak 23 % dan 13 %. Keputusan hasil XRD dan TEM 

menunjukkan bahawa nanokomposit yang dihasilkan adalah daripada jenis campuran 

diinterkalasi/’exfoliat’. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background of Research 

  

Polymer had existed in nature form and play important function in plant and animal 

life since life began. With the growth in polymer science and modern technologies, 

polymers play increasing role in human beings. 

 

 

Most of the polymers available in marketplace are rarely use by themselves without 

adding any additives due to their poor performance. Blending of the several types of 

materials or additives which are not green materials into the polymer are common 

way to enhance and modify polymers poor properties. Widely used of these 

polymers which are extremely durable and not environmental friendly created a 

long-term disposal problem and global pollution if not controlled well.  

 

 

The environmental concerns bring opportunities in the development and 

commercialized of the biodegradable polymers from renewable resources. In the past 

two decades, biodegradable polymers have attracted much attention and played 

important role as green materials in order to preserve and protect environment, and 

the realization that our petroleum resources are finite and the shortage of landfill 

(Abdelwahab et al., 2012; Yu and Chen, 2009). Naturally occurring microorganisms 

such as bacteria can split biodegradable polymers into carbon dioxide and water. 

Park et al. (2005) stated that the biodegradable polymers are able to cleave into 

biocompatible byproducts through chemical or biological reactions.  

 

 

Biodegradable polymer can be classified into natural polymers which obtain from 

natural resources and synthetic biodegradable polymers which are manmade polymer. 

The natural polymers such as protein, chitosan, polysaccharides, rubber, and 

cellulose had functioned in different way in their native settings. Synthetic 

biodegradable polymers can be derived from agricultural products like poly(lactic 

acid) (PLA) and fermentation of bacteria such as polyhydroxybutyrate (PHB).   

 

 

Polyhydroxybutyrate is the simplest family of polyhydroxyalkanoates (PHA) which 

derived from bacteria fermentation. PHB is the linear polyester with melting point of 

175 °C and glass transition temperature of around 4 °C. It is insoluble in water and 

resistant to hydrolytic degradation. PHB has good oxygen permeability and nontoxic. 

This hydrophobic polymer is brittle which is largely due to the presence of large 

crystals in the form of spherulites (Yu and Chen, 2009). The structure of PHB is 

shown in Figure 1.1.  
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Figure 1.1: Structure of polyhydroxybutyrate. 

 

 

Poly(lactic acid) is one of the aliphatic polyester. PLA can be derived from 

agricultural products like corn and sugar cane through fermentation and chemical 

process of lactic acid. The melting point of PLA is around 130 °C to 180 °C and the 

glass transition temperature of around 60 °C. The highly transparent PLA has good 

mechanical properties like high tensile strength and thermoplacticity (Yu and Chen, 

2009). Figure 1.2 shows chemicals structure of PLA.  

 

 
 

Figure 1.2: Structure of poly(lactic acid). 

 

 

The materials that can exchange inorganic and organic ions in the interlayer are 

known as layered materials. Layered double hydroxides (LDH) are a type of layered 

materials which known as anionic or hydrotalcite-like clays. The hydrotalcite 

structure of LDH is shown in Figure 1.3. LDH has similar geometries like cationic 

layered silicate clays. Anions and water molecules are randomly located in the 

interlayer of LDH. The anions located in the interlayer of LDH neutralize the 

positive charge on the LDH layer which produces from the occupancy of a trivalent 

cation as reported by Kumar et al. (2012), Kovanda et al. (2009) and Newman and 

Jones (1998). Newman and Jones (1998) suggested that LDH layers made up from 

the infinite edge-sharing octahedral units that coordinated by hydroxyl groups.  

 

 
 

Figure 1.3: Hydrotalcite structure of LDH (Palmer et al., 2009).  
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1.2 Problem Statement 

 

The biodegradable polymers had aroused considerable interest in research. PHB is a 

biodegradable polymer that derived from fermentation of bacteria. PHB has received 

extensively attention research as green or eco-friendly material. The chemical 

structure and physical properties of PHB is comparable to certain petrochemical-

derived thermoplastic like polypropylene. For that reason, PHB is potential 

biodegradable polymers that can be used to replace certain traditional and non-

biodegradable polymers (Chen and Luo, 2009).  PLA is typical biodegradable 

aliphatic polyesters which can be produced from renewable resources. The good 

tensile strength properties, film transparency, biocompatible and processability has 

make PLA as commercially interesting polymer.  

 

 

Both PHB and PLA are biodegradable polymers which are well known with their 

biocompatibility, sustainability, and similar thermal and mechanical properties to 

those certain conventional polymers. Thus, they have attracted many interests in 

order to explore their physical and processing properties for potential applications. 

Nevertheless, the poor processing properties and brittleness of both PHB and PLA at 

room temperature are noteworthy (Zhang et al., 2006). There have been many 

reports on the efforts to enhance the mechanical and processing properties of PHB 

and PLA.  It is essential to reduce the crystallinity and process ability of PHB and 

PLA by incorporating other monomeric units into polymers chains or blending with 

other polymers. The easier and faster way to modify the properties of polymer is by 

blending compare to the copolymerization method.  

 

 

Zhang et al. (1996) had blended PHB with Poly(d,l-lactide) (PDLLA) which is an 

amorphous polymer obtained from a mixture of D- and L-lactic acid through solvent 

casting method. They found out that PDLLA can be used to improve the elongation 

at break of PHB. Previous studies were focusing on using PHB as second polymer to 

improve the properties of PLA. However, there are few studies reported using PHB 

as primary polymer and blended with PLA to study their mechanical properties. 

Most of the researchers focused their studies in terms of structure, dispersibility, 

miscibility, and crystallinity of the blends but not mechanical properties.  

 

 

According to Yang and Qiu (2010), combination of biodegradable polymers with 

economical organic or inorganic fillers are the alternative way to modify the 

biodegradable polymers, reduce cost and enhance the properties of the polymer 

which preserve the acceptable ductility at the same time. The organized two-

dimensional arrays of organic species between the interlayers can result in novel 

functions that are different to the typical functions of the individual organic species. 

Kumar et al. (2012) and Tsai et al. (2006) reported that LDH become an attractive 

choice as nanofillers to improve various properties of the polymer matrices due to its 

high anion exchange capacities and layered structure which enables the incorporation 

into polymer become easier to form better nanocomposites. There had been large 

number of studies of polymer/LDH nanocomposites that showed enhancement in 

mechanical properties as reported by Du et al. (2006) and Ray and Okamoto (2003). 
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Therefore, PHB/PLA blend was blended with LDH in order to create a new type of 

environmental friendly nanocomposites and investigate the effect of LDH on the 

mechanical, thermal and morphology in the nanocomposites. 

 

1.3 Objectives 

 

The main objectives of this project are as follows: 

 

1. To prepare polyhydroxybutyrate/poly(lactic acid) blends and PHB/PLA/Modified 

Mg/Al LDH nanocomposites at various compositions by solution casting 

method.  

 

2. To study the mechanical and thermal properties and morphology of PHB/PLA 

blends. 

 

3. To investigate the effect of LDH on the mechanical, morphology and thermal 

properties of PHB/PLA blends.  
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