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ABSTRACT 

 Rice straw-LDPE foamed had been produced by incorporating foaming agent, 

which was the mixture of sodium bicarbonate and citric acid. The foam structure is 

produced when temperature is applied and the foaming agent decomposes. The effect of 

foaming agent composition on the morphology structure, density, water absorption 

behavior and hardness were studied. The compounding material which were rice straw, 

LDPE, starch, maleic anhydride and glycerol were mixed in the twin screw extruder. 

Then, the foaming agent was mixed with the compounded material and injected using 

the injection molding machine to produce foam product. Samples with foaming agent 

show the present of the foam structure that increases in size with foaming agent 

composition. The type of cell form is open cell. For the physical properties, as the 

amount of foaming agent increases, the density is decreased, the percentage of water 

absorbed increased and the hardness value is decreased. 
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ABSTRAK 

 Busa jerami padi-LDPE telah dihasilkan dengan memasukkan agen pembusaan 

iaitu campuran natrium bikarbonat dan asid sitrik. Struktur busa terhasil apabila suhu 

dikenakan dan agen pembusaan terurai. Kesan kandungan agen pembusaan terhadap 

struktur morfologi, ketumpatan, sifat penyerapan air, dan kekerasan telah dikaji. Bahan-

bahan adunan iaitu jerami, LDPE, kanji, malik anhidrid dan gliserol telah dicampurkan 

ke dalam penyemperitan skru bekembar. Kemudian, agen pembusaan telah dicampurkan 

dengan bahan-bahan adunan dan disuntik dengan menggunakan mesin acuan suntikan 

untuk menghasilkan produk busa. Sampel dengan agen pembusaan menunjukan 

kehadiran saiz struktur busa semakin meningkat dengan peningkatan kandungan agen 

pembusaan. Jenis sel yang terbentuk adalah sel terbuka. Untuk cirri-ciri fizikal, apabila 

kuantiti agen pembusaan meningkat, ketumpatan menurun, kuantiti air yang diserap 

meningkat dan nilai kekerasan menurun. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

 Polymer foam is found in numerous applications such as in building and 

construction industries, automotive industries and packaging industries. This foam 

was used specifically as weight reduction, thermal insulating or cushioning in 

various applications. Biodegradable foams are naturally water soluble and sensitive 

to humidity, while traditional petroleum-based foam is more inert to water [1]. The 

general purpose of foaming is to save material while maintaining structural integrity 

and a small amount of insulating ability. The foaming process can be divided into 6 

stages which are raw material, conditioning, mixing, growth, cell opening and cure 

[2]. 

 

 

Depending on the composition, cell morphology and physical properties, 

polymer foam is divided into two different types which are rigid foam and flexible 

foam. There are 4 types of foams can be derived according to the size of the foam 

cells which are macrocellular (>100µm), microcellular (1-100µm), ultramicrocellular 

(0.1-1µm), and nanocellular (0.1-100nm). Polymer foam can also be defined as either 

closed cell or open cell foam. In closed cell foam, the foam is isolated from each 

other and the cavities are surrounded by complete cell walls. In open cell foams, cell 

walls are broken and the structure consists of mainly ribs and struts [3].  

 

 

 Foamed composite can be produced by incorporating the foaming agent into 

the formulation. There are two reasons of using chemical foaming agent in injection 

molding process. First is to reduce significantly the overall product density, creating 

a truly cellular form which is foam structure. The second reason is to use the foaming 
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as an anti-sink aid. Minimal reduction in density is achieved by the foaming reduces 

sink marks as the product cools inside the mould. This is particularly important in 

thick cross-sections where cooling may take some time [4]. 

 

 

 

 

1.1 Research Background 

 

 

 A large portion of food packaging materials, especially foamed product, are 

made from expanded polystyrene (EPS). EPS possess excellent physical and 

mechanical properties and relatively inexpensive. The EPS foams are manufactured 

mainly from petroleum feedstock, used once and discarded into the environment, 

finally ending up as non-degradable waste [5]. 

 

 

 One of effective way to overcome the existed problem is to use natural 

polymer, such as starch. Furthermore, consumers are demanding food-packaging 

materials that are more natural, disposal and have potential to be biodegraded, as 

well as, recyclable. For this reasons, there is an urgent need to study and to develop 

renewable source based biopolymer that are able to degrade via natural composting 

process [6]. Starch is inexpensive and readily available and often used as filler for the 

replacement of petroleum-derived synthetic polymer to reduce environment pollution 

[5]. Other than that, starch is one of possible alternative material for making foam 

products. Starch-based foam can be made by using various techniques including 

compression moulding and explosion process [7].  

 

 

 Benchamaporn Pimpa et al. (2007) have produced foamed of sago starch with 

PVA or PVP acting as cross-linker. This foam is completely biodegradable and 

cheap compared to other biodegradable polymer. Sago starch/PVA blend is more 

suitable for foam production because it produced flexible and glossy foam compared 

to sago starch/PVP blend which produced rigid foam. 
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 Rice straw fiber can also be considered as important potential reinforcing 

filler for thermoplastic composite because of its lignocelluloses characteristics [8]. 

Chemically, lignocellulosic rice straw fiber has similar compositions as other natural 

fibers used in thermoplastic. Various fiber components have different chemical 

constituents, especially cellulose and residual ash contents, which may contribute 

differently to the properties of rice straw fiber-reinforced thermoplastic composites. 

However, these different contributions have not yet been established. 

 

 

 In recent years, the processing solvent or foaming agent such as supercritical 

CO2 (scCO2) has been used to create polymer foams. This is due to the properties of 

CO2 that make it ideally suitable to replace the organic solvents that affect on 

environment such as chlorofluorocarbons (CFC) [9]. David L. Tomasko et al. (2009) 

had done development of CO2 to produce foam product. But, there are lacking of 

complete understanding of nucleation of foaming process. 

 

 

The use of foaming or blowing agents can reduce materials cost and provide 

significant benefits in the production process [10]. The terms cellular polymer, 

foamed plastic, expanded plastic and plastic foam are used to denote all two-phase 

gas-solid systems in which the solid is continuous and composed of a synthetic 

polymer or rubber. Several methods can be used to prepare foamed plastics, such as 

sintering small particles or leaching out solid or liquid materials dispersed in the 

plastic matrix [11]. Another method is chemical foams which use chemical foaming 

agents (CFAs). It can be either in powder or master batch form. The CFAs will be 

added into barrel, to be process with resin. In the extruder barrel, CFAs thermally 

decompose into CO2 or Nitrogen. Under the process pressure, the CO2 and Nitrogen 

is in liquid form, will mix the molten polymer. But, when pressure drop occur at die 

or mold, the CO2 and Nitrogen expands into gas bubbles within the polymer matrix. 

The foamed plastic produced when the polymer cools and the bubble ‘freeze’ [12].  
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1.2 Problem Statement 

 

 

 Food-grade foam products especially made from styrene has a particular 

challenge. There is currently no market for them in terms of recycling and no way to 

reuse them. The presence of these types of packaging materials in landfills can be 

problematic on many fronts. Another factor to consider is the rising cost of 

petroleum. This material also affects the humans and the environment, such as 

carcinogen after being exposed to styrene [13]. This occurs because of styrene that 

ingested through food as a result from food packaging or contact materials. Styrene 

exposure may affect human’s nerve system such as depression, muscle weakness, 

nausea and nose, eye and throat irritation. Foam products that use foaming agents 

such as hydrofluorocarbons (HFCs), has powerful greenhouse gases, which is several 

thousand times more potent than CO2 [13]. 

 

 

 Rice straw is a secondary waste material from rice production which is 

inexpensive. Unfortunately, this benefit was not taken correctly. In Thailand, rice 

straw which is the inedible remains of the rice crop is not used as efficiently as it 

should be burn or land filling is a common practice which is not environmentally 

friendly as it causes significant pollution and waste thus natural resource [14]. 

Several sosio-ecological issues have increased the focus on off-field utilization of 

agricultural wastes. Same thing happen in California, where open-burn reduction 

legislation has put pressure on rice industry to find alternatives for straw waste nearly 

1.5 million tons per year. Off-field utilization of the straw provides a potentially 

attractive alternative of straw disposal but its use remains limited [15]. 

 

 

 With many processing issues to be considered, the correct choice of foaming 

agent can only be made after a technical understanding of its requirements. Even if 

the foaming agent used is correct for the application, but if it is incorporated in the 

wrong formulation or incorrect processing parameters, then the foaming will be poor. 

If the foaming agent decomposes too quickly, the polymer cannot be processed in 

perfect condition as to maintain the gas within the matrix. Time, temperature and the 

condition of the polymer matrix must be considered before the material selection [4]. 
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 Odinei et al., (2008) had revealed that the foaming agent concentration is also 

one of the factors that affect the particle size. Low concentration of the foaming 

agent will produce small particle size of expanded PMMA. This happened due to the 

fact that the foaming agent tends to diffuse out of the particles after the impregnation 

step, i.e., during sample manipulation, characterization and storage. Although the 

loss of foaming agent can be minimized by storage at low temperature, smaller 

particles have higher surface area/volume ratio than larger particles and are prone to 

lose more foaming agent.  

 

 

 

 

1.3 Objectives 

 

 

The main objective to be accomplished in this research is: 

 

 

To develop foamed polymer composite based on rice straw with low density 

polyethylene (LDPE) by using sodium bicarbonate and citric acid. 

 

 

This objective is subdivided into: 

 

 

1) To investigate the morphology of the foamed composite with the different 

amount of foaming agent used via Fluorescent Microscope 

 

 

2) To determine the density and hardness of the both foamed polymer composite 

and non-foamed polymer composite 

 

 

3) To identify the water absorption behavior over period of time with respect to 

composition of foaming agent for foamed polymer composite 
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1.4 Scope of Study 

 

 

 Biodegradable foam composite was produced in this research by 

incorporating rice straw into LDPE. Starch was added to make the extrusion process 

easy by making the rice straw heavy. The compatibilizer, which is maleic anhydride 

was used to make the LDPE and rice straw compatible to each other. Glycerol which 

act as the processing aid, also added into this formulation. To produce foamed 

product, the foaming agent; mixture of sodium bicarbonate and citric acid was used 

during processing. The amount of the foaming agent had been varied. 

 

 

 The rice straw was first grinded by using grinder, then sieved and dried in the 

oven. After that, all the materials were put into the twin screw-extruder for 

compounding purpose. The extrudate was pelletized to produce pellet to be used on 

injection molding machine. Injection molding machine was used in this research to 

produce testing sample, which was used for various tests. 

 

 

 Fluorescent microscope was used to investigate the morphology of composite 

with different concentration of sodium bicarbonate and citric acid. The water 

absorption behavior over period of time of the foamed composite was studied. The 

density and hardness of the product were also measured based on specific standard 

method. Other than that, the hardness characteristics of the samples were measured. 
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