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ABSTRACT 

 

 

 

 

 Polymer blends have properties similar to conventional plastics and tend to 

biodegradable by “natural” enzyme hydrolysis or chemical attack. Biodegradation is 

the breakdown of materials by the action of living organism. The objective of this 

project is to synthesis polymer blend from algae and polyethylene blend. The 

polymer blend is prepared by using extruder and hot press. There are five samples of 

polymer blends and contained algae from 0% to 20%. In order to determine the 

mechanical properties polymer blend, Universal Testing Machine (UTM) is used. 

The results showed that there are relation between tensile strength and composition 

of algae in polymer blend. When the composition of algae is increased, the tensile 

strength is decreased. The situation same with the percentage of elongation at break. 

The percentage of elongation at break is decreased when the percentage of algae is 

increased. For the biodegradability test which is water absorption testing, the 

percentages of water absorption of polymer blend is directly proportional to the 

composition of algae in polymer blend. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

1.1 Research Background 

 

 

The production of plastic used more 140 million tons of petroleum-based 

polymers in a year. Natural gas, oil and coal are the most common raw materials for the 

manufacturing. The use of engineering plastics such as polyolefins has increased 

because it has good mechanical properties and low cost. However, the increase in usage 

of plastics has created problems especially their impact on the environment. The plastics 

do not easily degrade in the natural environment. This is different with degradable 

plastics because they are designed to retain fuctionality as a common plastic but degrade 

to non- toxic end products in a disposal environment (Anna Ammala et al, 2010). 

 

Chemists and biologists started to take seriously about the petroleum-based 

plastics as a problem at 1980. Therefore, they began to find an alternative way in order 

to produce petroleum-based polymers that can be degrading in domestic and industrial. 

According to American Society for Testing of Materials (ASTM) and the International 

Standards Organization (ISO), the definition for biodegradable is the capabilities of 

material to decompose into water, methane, carbon dioxide, inorganic compounds or 

biomass where the main mechanism is microorganism‟s enzymatic action, that can be 

quantify (Barry E. Digregorio, 2009). Consequently, biopolymer‟s request is increasing 

as a substitution for petroleum based product (Sanjeev Sing et al, 2010).   
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Polyolefin polymers have broad commercial purposes but they have problems, 

made from non-renewable resources and difficult for disposal where recycle and re-use 

is not practicable. Bioplastic can be considered fully biodegradable if it has ability to 

biodegrade in marine environment (Barry E. DiGregorio, 2009). The oceans and 

marine‟s life are threatened by the tremendous quantity of plastics in the sea (Moore, 

2008).  The petroleum-based plastics are not fully biodegradable and can be considered 

as environmentally harmful waste (M. Suresh Kumar et al, 2004). The disposal of waste 

plastics by incineration is acceptable but the cost is high and will unleashed dangerous 

emissions (Yeuh-Hui lin, 2009). Polyethylene is not biodegradable because it has a 

good resistance to microorganism. By adding additives, it will become more degradable 

(M. Rutkowska et al, 2001). 

 

Carbohydrates and proteins frequently used in biopolymers because they present in 

great abundance. Usually, almost of biopolymers always have nitrogen or oxygen atoms 

in their polymer backbones. This is the main feature that responsible for their 

biodegradability. Synthetic polymers only have carbon-carbon single bones in their 

backbones. Cellulose is the most plentiful polysaccharide and it is the most abundant 

organic compound on earth. It is found in plant cell walls (G.F. Moore and S.M 

Saunders, Advances in Biodegradable Polymers, 1997). It was added as a filler to resin 

system to make films become more biodegradable. After the extraction, film becomes 

porous. This porous film can be easily attacked by microorganisms and saturated with 

oxygen rapidly (R. Chandra and Renu Rustgi, 1998). 
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1.2 Identification of Problem 

 

 

  The synthetic polymers such as polyethylene do not have equivalent repeating 

units along the polypeptide chains. This property increases crystallization, consequently 

the hydrolysable groups inaccessible to enzymes. The crystallization of polymers with 

long repeating units is less if compared to the polymers with short repeating units. For 

the semicrystalline polymer, the characteristic changes. The crystallinity of polymer 

increase rapidly at the beginning but after that, the rate of degradation is much slower as 

the crystallinity approaches 100%. Eventually the amorphous portion disappeared. It 

showed that the amorphous region degraded prior than the crystalline region (R. 

Chandra and Renu Rustgi, 1998). 

 

In order to increase the biodegradability, the synthetic polymer such as polyethylene 

and algae are blend together. In almost all commercial plastics, they are “compound” 

with monomeric additives to improve their processability and to modify their end-use 

properties. Usually additives used in small amount, which increase the value of plastic 

by enhance appearance and performance during manufacture and in use (Rudolph D. 

Deanin, 1975). 

 

 

1.3 Statement of Objective 

 

 

 The main objective of this study is to synthesis polymer blend from algae and 

polyethylene blend. 

 

 

1.4 Research Scopes 

 

 

The research scopes for this study are: 

i) To optimize the characteristics and properties of polymer blend by using additives. 

ii) To characterize polymer blend in term of mechanical properties. 
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1.5 Rational and Significance of Study 

 

 Polymer blends have properties similar to conventional plastics and tend to 

biodegradable by “natural” enzyme hydrolysis or chemical attack (Klanarong Sriroth et 

al, n.d). Biodegradable plastics from renewable agricultural resources give good impact 

for environmental conservation and sustainable development. There are many 

advantages such as low cost, good biodegradability and abundant of resources. 

Furthermore, there is an increased demand for more biodegradable and/or recyclable 

components in disposable products (Bo Shi, 2009). 

 

 Virtually all plastics are made from natural gas, petroleum (crude oil), and coal. 

These are the feedstocks of the plastic industry and are nonrenewable. However, algae 

can be produce and renewable. Other than nonrenewable problem, the plastic waste that 

not biodegrade also give impact to the environment. Nowadays, plastic make up a 

significant part of a typical domestic solid-waste stream. Plastic waste is hazardous to 

many living creatures; bird, fish and other animals die becoming entangled in it or 

digesting it (E.S. Stevens, Introduction to the New Science of Biodegradable Plastics, 

2002). 
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CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

2.1 Basic Concept of Biodegradable Polymer Blend 

 

 

 Polyethylene has a good resistance to microorganism. Degrable polymer is 

designed to oxo-grade and the chemical structure will changes. In oxo-biodegradation, 

there are two stages process are involved. The reaction of polymer with oxygen in the 

air occurs in the first stage. The carbon backbone of polymer will oxidize. As a result, 

the formation of smaller molecular will fragment. The process in the first stage is an 

abiotic process. The formation of functional groups such as carboxylic or hydro-

carboxylic acids, esters as well as aldehydes and alcohols happened due to the 

incorporation of oxygen into the carbon chain polymer backbone.  

 

 The behaviour of hydrocarbon polymer changes from hydrophobic to 

hydrophilic. As a consequence, the polymer will absorb water. For the next stage, the 

microorganism such as bacteria and fungi will consumed the oxidized carbon backbone 

fragments and form carbon dioxide, water and biomass. In this stage, the degradation 

process can be accelerated by thermal or ultraviolet (UV) light. The abiotic oxidation is 

an important because it determines the rate of the entire process. (Anna Ammala et al, 

2010).  

 

The first step of biological degradation for non-hydrolysable material such as 

polyethylene is oxidation. The amount of molecular weight material will increases by 

photo-oxidation. It happens when the bond is break and the surface area is increases. 

For the second degradation step, the abiotic degradation product may utilize by 
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microorganisms and low molecular weight.  The additives can affect polyethylene to 

become more degradable. The biodegradation additive or filler will provide higher 

oxygen permeability (M. Rutkowska et al, 2001). 

 

Biodegradation is the breakdown of materials by the action of living organisms. 

For plastic degradation, bacteria and fungi are important. Biodegradable plastic may be 

degraded biophysically by microorganisms. The cell growth can cause mechanical 

damage. The biodegradable filler such as algae, will provides a nutrient source for 

microorganisms. The rate of degradation depend environmental conditions such as 

temperature, moisture, light, nutrients, pH, metals and salts (M. Kim, 2003).  

 

The granular of biodegradation additive or filler is attacked by microorganisms, 

until most of it assimilated as a carbon source. Therefore the surface to volume ratio, 

permeability of the plastic and hydrophilicity are increase (P. B. Shah et al, 1994). Tests 

for biodegradability can be classified into field tests and laboratory tests. By measuring 

changes in the physical properties of the biodegradable polymer blend and change of 

polymer properties such as tensile strength and weight loss, the biodegradation can be 

evaluated.   

 

 

2.2 Polyethylene 

 

 

 For many years, polyethylene has been used for outdoor applications and it is 

capable of providing a wide range of different lamellar form and textures. There are 

major concerns for solid waste disposal involved polyethylene.  It is due to its high 

degree of non-biodegradability. Other than that, polyethylene has a good of chemical 

and chemical properties. It is also relatively low cost and because of this reason, it has 

wide application in several industries. However, its usage in applications is restricted by 

its non polarity. So, a good compatibility with other polar substances is needed. In the 

production of thermoplastic elastomers, polyethylene also one of the component used. 
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 There is suggestion in order to improve polyethylene‟s properties by 

fuctionalization reactions with anhydrides and amines. The functionalized products are 

used in adhesion promoting agents in multilayered films, compatibilizer or coupling 

agent in blends of polyethylene with more polar polymers like polyesters and 

polyamides, coating agents for metals, for PE and PP recycling and in PE-matrix 

composites (M.A. Semsarzadeh, 2009).  

 

 Other than that, it is contained crystalline lamellae. The thickness of crystalline 

of lamellae is between 8-10 nm. The type of polyethylene organization into spherulites 

is influenced by molecular weight, crystallization condition and the degree of branching 

of chains. The amorphous phase is in the rubbery state at room temperature. There is a 

debate about the glass transition point of polyethylene but most author agree that the 

glass transition temperature, Tg is located far below room temperature.  

 

 The chain in the amorphous phase is located in inter-lamellar and inter-

spherulitic regions with various levels of molecular mobility. The deformation is 

strongly affected the crystalline morphology of polyethylene. Loading of LDPE in the 

sub-yield region of deformations results in (i) inter-lamellar separation, (ii) rotation and 

twist of lamellae, (iii) fine slip of lamellar blocks (homogeneous shear of layer-like 

crystalline structures), (iv) reorientation of lamellae within spherulites, (v) chain slip 

through the crystals, (vi) sliding of tie chains along and their detachment from lamellar 

blocks (Aleksey D. Drozdov, 2003) 
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2.2.1 Low Density Polyethylene 

 

 

 Low density polyethylene (LDPE) is a semi crystalline polymer, where 

spherulites of various types are distributed in the amorphous matrix. The ranges of 

average radius of spherulites are from 3 to 12 lm. Besides that, LDPE has a structure 

with both long and short molecular branches. 

 

 LDPE is more flexible than high density polyethylene (HDPE), thus it is good 

choice for prosthetic devices, most of which are either drape formed or vacuum formed. 

Its impact resistance makes it a natural for impact pads. Besides that, its easy 

machinability makes it a good choice for fabricated parts where chemical and corrosion 

resistance is demanded. 

  

The production of bags, pallet covers and greenhouse films are used low density 

polyethylene (LDPE) as their main component. It is prepared by metallocene catalysts 

possess narrow molecular weight distribution (MWD) in comparison with conventional 

Zieglere Natta type (ZN-LLDPE). The polyethylene molecular structure such as short 

chain branching, branch type and distribution of average molecular weight are directly 

influenced the rheological properties of these metallocene LDPE (Ibnelwaleed A. 

Hussein, 2007). 
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2.2.2 High Density Polyethylene 

 

 

 High-density polyethylene (HDPE) is a thermoplastic material and consists of 

carbon and hydrogen. Both of atoms joined together. As a result, they are forming high 

molecular weight products as shown in Figure 2.3. Methane gas (Figure 2.1) is 

converted into ethylene (Figure 2.2). After that, polyethylene (Figure 2.3) will formed 

with the application of heat and pressure.  

 

The polymer chain consists of 500,000 to 1,000,000 carbon units long. Short 

and/or long side chain molecules exist with the polymer‟s long main chain molecules. 

The molecular weight is depends on the length of main chain and the number of atoms. 

When the main chain is longer, the number of atoms will be greater, and thus, the 

greater the molecular weight. The molecular weight, the molecular weight distribution 

and the amount of branching determine many of the mechanical and chemical properties 

of the end product. 

 

 

Figure 2.1: Methane 
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Figure 2.2: Ethylene 

 

 

Figure 2.3: Polyethylene Molecular Chain 

 

 HDPE resin has a greater proportion of crystalline regions compared to LDPE. 

The tensile strength of the end product is determined by the size distribution of 

crystalline regions. HDPE has a fewer branches than LDPE and has a greater proportion 

of crystals which results in greater density and greater strength. Other than that, the 

molecular chains are not cross-linked in HDPE and other thermoplastic materials. 

Thermoplastic resin can be shaped, formed or extruded with the application of heat 

(Lester H. Gabriel). 
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2.3 Algae 

 

 

 Microorganisms can easily utilize the biodegradable additive. The porosity of 

the biodegradable plastic will increase and mechanically weakened. Consequently 

biodegradable polymer becomes more susceptible than conventional polymer to all 

degradation factors (A. C. Albertsson et al, 1994). Besides that, it can decrease the 

amount of petroleum used per unit of plastic or polymer blend. For polymer blend 

production, algae are an excellent feedstock because it has many advantages such as 

high yield and the ability to grow in a range environment. Before this, algae are used in 

biofuel production but nowadays its also use in plastic or polymer blend production.  

 

 In Malaysia, there are red algae live in freshwater and sea. The distribution of 

their population depends on salinity, depth and temperature of habitat. Their roles as a 

primary producer make them an important part of the aquatic food chain and stabilize 

the ecosystem. The red algae have high content of protein and it is about 23.1% of the 

dry weight compared to the brown algae, 10.8%. There are several type species of red 

algae in this country such as Eucheuma cottonii, Batrachospermum beraense, 

Batrachospermum cylindrocellulare and Batrachospermum tortuosum (Shigeru 

Kumano, 1978). 
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Figure 2.4: Batrachospermum beraense  

 

 

Figure 2.5: Batrachospermum cylindrocellulare  
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Figure 2.6: Batrachospermum tortuosum 
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2.4 Additives 

 

 

 In polymer blend production, additives are essential in providing modification of 

polymer properties and performance. At the beginning of the plastics age, the main 

purposes of additives were used to maintain polymer properties and to help plastics to 

survive heat treatment during transforming processes. After that, the next generation of 

additives provided modification of mechanical and physical properties. Nowadays there 

are much type of additives such as antioxidants, heat stabilizers, light stabilizers, 

coupling agent, coupling agent and others.  

 

 

2.4.1 Plasticizer 

 

 

 Plasticizer agents are important in order to prepare protein based plastics 

through such as kneading, molding and extrusion. The plasticizers such as glycerin, 

glycerol or ethylene glycol are generally used in concentration of 20-50%. If there are 

no plasticizers, the materials are brittle and difficult to handle. The plasticizer become 

softens when heated. It will penetrate the outer membrane of plant protein and cause the 

inner chain of plant to absorb and swell. At some point, it will cause the outer shell to 

rupture. As a result, an irreversible destructurization of the granule. At the initial, the 

plant polymers chain compressed with the granules but once destructurized, it will 

stretch out and form a generally disorded intermingling of polymer chains. However, 

the chain may reorient themselves to form amorphous or crystalline solid (Bo Shi, 

2009).  

 

The intermolecular forces are reduced and the glass transition temperature can 

be depressed with plasticizer. Hydrophilic compounds such as polyols, water and lactic 

acid can be used as plasticizer. Besides that, water permeability can be improved by 

addition of hydrophilic plasticizer (Yihu Song and Qiang Zheng, 2008). Usually, the 

plasticizer has a pH of from about 1 to about 6. The plasticizers that having a relatively 

low pH can reduce the tendency of protein to aggregate during melt processing. The 
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plasticizers having higher pH can be used for plant protein that is not sensitive to high 

pH such as soy protein (Bo Shi, 2009). 

 

 

2.4.2 Coupling Agent 

 

 

 Coupling agent is added to bond inorganic fibers and fillers more firmly 

together. Therefore, improve strength and water resistance. Other than that, the most 

common coupling agents are reactive organosilanes such as vinyl or amino-alkyl 

triethoxysilanes. Sometimes they are added directly during compounding. The 

concentrations used are small (Rudolph D. Deanin, 1975). 

 

 

2.4.3 Compatibilizer 

 

 

 So far, ethylene acrylic acid copolymer (EAA) is the most effective 

compatibilizer used but in order to achieve satisfactory in mechanical properties, it must 

be used in high amounts. The carboxylic groups of EAA can form V-type complexes 

with algae and as a result, it will increase the tolerated amounts of algae in the blend. 

When it is used in low amount with pro-oxidant in polymer blend, it can accelerate the 

thermo-oxidative degradation of polymer blend. Functionalized polymers can be used as 

the compatibilizers to reduce the interfacial tension of the polymer blends between polar 

polymer and non-polar polymer via an ionic-dipole interaction mechanism. 
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CHAPTER 3 

 

 

 

 

RESEARCH METHODOLOGY 

 

 

3.1 Material 

 

 

 This research is being conducted based on the experimental work. Low-density 

polyethylene (LDPE) is used in this experiment. The species of red algae Eucheuma 

cottonii is used as filler and will compound with LDPE. Besides that, ethylene acrylic 

acid copolymer (EAA) and plasticizer procured from Sigma-Aldrich also used as the 

additives in this experiment. 

 

 

3.2 Apparatus 

 

 

 The apparatus that will be used in this experiment are oven, extruder, hot 

molding press and Universal Testing Machine (UTM). Detail explanations and 

information are provided in Section 3.2.1, 3.2.2, 3.2.3 and 3.2.4. 
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3.2.1 Oven 

 

 

As illustrated in Figure 3.1, oven is the equipment that will be used in this 

research for drying purposes. The front panel of this oven provides a digital display of 

temperature reading in Centigrade (⁰C). The maximum temperature that achieved is 

220⁰C. The drying process stated by wall heat of by blowing hot air fan located inside 

back of the oven. Time consumption can be set up on the front panel.  

 

 

 

Figure 3.1: Oven 
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