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ABSTRACT

The objective of this research was to study the mechanical, thermal and 

morphological properties of low-density polyethylene (LDPE)/cockle shell (CS) 

composite films. Untreated cockle shells (UCS) and treated cockle shells (TCS) were 

used as fillers in the composite system with filler loadings of 10 -  50 phr. Stearic 

acid (SA) was used as a coupling agent to produce the TCS. The composite films 

were prepared using a co-rotary twin screw extruder machine at temperature 160°C 

and screw speed 64 rpm followed by blown film machine. It was found that the 

increasing of UCS loading reduced the tensile strength and elongation at break for all 

LDPE/UCS composite films. However, the incorporation of SA coupling agent 

slightly increased the tensile strength of LDPE/TCS composite films compared to 

pure LDPE film and LDPE/UCS composite films. Scanning electron microscopy 

micrographs showed presence of agglomeration at the higher filler loading which 

probably caused the reduction on the tensile strength of LDPE/40UCS films 

compared to LDPE/40TCS films. Differential scanning calorimetry results showed 

that degree of crystallinity (Xc) and melting enthalpy (AHm) of the films slightly 

increased with the presence of CS loading while melting temperature (Tm) and 

crystallization temperature (Tc) only showed slight changes for LDPE/UCS and 

LDPE/TCS formulations. Reduction of Xc and AHm was observed in LDPE/TCS 

composite. Thermogravimetry analysis showed that the thermal degradation 

temperature slightly increased with the incorporation of CS and the higher char 

residue was observed at 50 phr filler loading for both UCS and TCS. The overall 

result showed that the incorporation of TCS into LDPE/TCS composite films showed 

better properties, especially in the tensile strength.
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ABSTRAK

Penyelidikan ini bertujuan untuk mengkaji sifat mekanikal, haba dan 

morfologi filem polietilena berketumpatan rendah (LDPE)/cengkerang kerang (CS). 

Cengkerang kerang yang tidak dirawat (UCS) dan cengkerang kerang yang terawat 

(TCS) digunakan sebagai pengisi dalam sistem komposit dengan muatan pengisi 10 -  

50 phr. Asid stearik (SA) digunakan sebagai agen gandingan untuk menghasilkan 

TCS. Filem komposit dihasilkan dengan menggunakan penyemperitan skru 

berkembar putaran pada suhu 160°C dan kelajuan skru 64 rpm diikuti dengan mesin 

tiupan filem. Didapati bahawa dengan penambahan kandungan pengisi UCS 

memberi pengurangan terhadap kekuatan tegangan dan pemanjangan bagi semua 

formulasi filem komposit LDPE/UCS. Bagaimanapun, dengan penambahan SA 

sebagai agen gandingan telah meningkatkan sedikit kekuatan tegangan filem 

komposit LDPE/TCS berbanding dengan filem tulen LDPE dan juga filem komposit 

LDPE/UCS. Mikrograf oleh mikroskop elektron pengimbas telah menunjukkan 

terdapat gumpalan pada kandungan pengisi yang tinggi yang mengakibatkan 

pengurangan pada kesan tegangan filem komposit LDPE/40UCS berbanding dengan 

filem komposit LDPE/40TCS. Analisis pengimbas pembezaan kalorimeter 

menunjukkan kadar penghabluran (Xc) dan entalpi lebur (AHm) filem sedikit 

meningkat dengan kehadiran pengisi CS manakala suhu lebur (Tm) dan suhu 

penghabluran (Tc) menunjukkan hanya sedikit perubahan yang berlaku untuk 

formulasi LDPE/UCS dan LDPE/TCS komposit. Pengurangan bagi Xc dan AHm 

diperhatikan dalam LDPE/TCS komposit. Analisis thermogravimetri menunjukkan 

suhu degradasi haba sedikit meningkat dengan penambahan CS dan sisa char dapat 

dilihat meningkat pada kandungan pengisi 50 phr bagi kedua UCS dan TCS. 

Keputusan keseluruhan menunjukkan gabungan TCS kedalam formulasi filem 

komposit LDPE/TCS telah menghasilkan sifat-sifat yang lebih baik, terutamanya 

kekuatan tegangan.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Calcium carbonate (CaCO3) is considered as one of commercially used and 

common fillers that usually used as reinforcing fillers in polymer industry. 

Chemically, CaCO3 from limestone also contain a small amount of MgCO3 and any 

other impurities such as SiO2, AlO3 and Fe2O3. In terms of mineralogical, it was 

classified as trimorphous mineral because it can exist in three distinct crystal 

structures which are calcite, aragonite and vaterite. However, CaCO3 is widely found 

in calcite form which come from all limestone and marbles. Since CaCO3 was 

moderately soft mineral, so it can be ground to a very fine particle sizes to be a 

particulate fillers.. The versatility of CaCO3 was utilized in a wide variety of 

products including paper, plastics, rubber and pharmaceuticals (Hariharan et al., 

2014)

Incompatibility of fillers into polymer matrix leads to the modification or 

treatment of the fillers. In the limestone case, the modification by using stearic acid 

can improve the hydrophobicity level, had better powder flow properties, reduced 

the cost production by lowering the lubricant and stabilizer level, improvement in 

low temperature impact strength and also reduced the abrasivity.
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Stearate treatment chemically reacts with the limestone surface and usually 

applied in sufficient quantity to fom a monomolecular layer. The chemical reaction 

between limestone particles and stearic acid is shown in equation below.

2 C17H35COOH + CaCO3 ^  (Ci7H35COO)2 Ca + CO2! + H2O (1.1)

Recent work has been focused on using renewable resources as fillers to be 

incorporated with polymer composite. Renewable resources are well known sources 

because of their rich chemical composition and low cost compared to commercial 

fillers. Recently many works have been studied on the usage of renewable resources 

like oil palm empty fruit bunches, wood sawdust, rice husk and other agricultural 

wastes as the reinforcing fillers in polymer composites due to their low cost, high 

specific strength and modulus and biodegradability. The usage of the current 

commercial filler to the polymer composites which are high in cost and non- 

environmental friendly make the researchers extensively investigate and study on the 

natural fillers as an alternative fillers.

The previous researchers has reported their research work regarding to 

renewable resources in polymer composite like shrimp shells by Hussein (2011), 

oyster shells by Shnawa et a l, (2011) and egg shells by Suhadah et al., (2009). 

LDPE has been chosen as the main polymer matrix in their study. Similar purpose 

were noticed from their studies which is to improve the mechanical properties like 

tensile strength and Young’s modulus in the LDPE composite.

The other potential filler was noticed from cockle shells which contain rich 

chemical composition of CaCO3 which is approximately about 95-98% of CaCO3 

(aragonite) and can be applied in the polymer composite field (Kamba et al., 2013). 

Cockles which is known due to its luscious taste has contributed their empty shells 

dumped and left untreated, mostly in the public area like market places, restaurant 

and public areas. Hence, this research proposed cockle shells as the alternative 

natural filler since it contains high composition of CaCO3 that can be incorporated 

with polymer composite. The research of cockle shells has been widely studied but



3

apparently the usage of cockle shells waste particle as filler in LDPE composite film 

has not been reported yet in any studies. LDPE has been used as it has good 

flexibility in terms of application for packaging films as well as the low cost of 

purchasing the LDPE raw material.

As mentioned before, the addition of additives to the polymer matrix is to 

enhance its properties for various application. The incompatibility between polymer 

matrix and filler has become an issue since filler was in polar group and polymer 

matrix in non-polar group. Hence, the surface modification on the filler is to improve 

the homogeneity between filler and polymer matrix as well as to increase the 

compatibility between each other. Thus, there are several studies has been reported in 

surface modification of fillers by using chemical treatment to increase the 

hydrophobicity state (Jeong et al., 2009).

This present study has proposed the using of petroleum-based plastic 

materials like polyethylene (PE) as polymer matrix due to its good properties such as 

light weight, low cost, easy processability and good water barrier properties. 

However, there are some limitation that restrict their applications in the packaging 

industry such as low stiffness and tensile strength. Hence, these properties should be 

improved in order to extend their use in packaging applications (Hong et al.,

2012).Besides that, the advantages of using LDPE also have been stated which is 

also due to its flexibility, sealable, transparent and easy to process (Mahaphram et 

al., 2 0 1 1 ).
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1.2 Problem Statem ent

The study on the natural filler in polymer composite has attracted many 

researchers in recent works. Previous studies have shown that the usage of modified 

egg shell powder (ESP) as fillers in LDPE has resulted to increasing of Young’s 

modulus but decrease the tensile strength of LDPE/ESP composite (Suhadah et al., 

2009). The similar finding also spotted when the shrimp shells used as fillers in 

LDPE composite (Hussein, 2011). The previous study showed that the used of these 

filler has a potential to be used as the alternative filler but it still need to be studied 

more in terms of the optimum amount of filler, the modification of the filler and the 

usage of chemical treatment used in the polymer composite.

Besides that, the other potential natural mineral filler that can be used is 

cockle shells which is one of the abundant natural resources in Malaysia (Rusnah et 

al., 2014). The expected number of cockle shells produced during Ninth Malaysia 

Plan was 13000 metric ton and this number might increase by years until now. This 

statistic is quite worrisome because it will cause unpleasant smell and environment’s 

distraction. On top of that, this present study used cockle shells as the reinforcing 

fillers in LDPE/CS composite. The previous study also reported that CS filler contain 

approximately 95-98% of CaCO3 in the form of aragonite crystal (Kamba et al.,

2013). Thus, in order to utilised the abundant of cockle shell waste, CS was used as 

the filler in LDPE/CS composite films and reduced the cost of manufacturing of 

LDPE/CS composite films. However, the poor interaction between LDPE and CS has 

limit its performance. Thus, the surface modification on the CS filler has been done 

to improve the compatibility between LDPE matrix and CS filler.

Many studies have been intensively carried out previously in order to develop 

low cost LDPE composite and also to improve tensile properties and thermal 

stability. In this context, the influence of filler on the tensile , chemical interaction 

between filler-matrix and thermal properties have been studied. The addition of 

CaCO3 as a filler in LDPE matrix has been considered because of its properties like 

high strength and easy processing during compounding with polymer and eventually
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can reduce the cost production of LDPE composite and also to improve the tensile 

properties (Wang et al., 2007).

LDPE can be considered as the most common thermoplastics that are 

currently used for industrial application like packaging field. The low cost of 

purchasing for raw material LDPE was one of the reason of LDPE has been chosen 

in this current study. However, since the production of the LDPE is consistently 

increase, the environmental problem have become a crucial issue as LDPE was not 

biodegradable (Pedroso et al., 2005).

1.3 Research Objectives

The objectives of this study are:

1. To prepare and characterize the untreated and treated CS filler, pure 

LDPE film, LDPE/UCS and LDPE/TCS composite films.

2. To determine tensile, thermal and morphological properties of LDPE 

film, LDPE/UCS composite film and LDPE/TCS composite films 

with different CS filler loadings.
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1.4 Scope of Research

The scope of this study consist of three parts which are the preparation of CS

filler, preparation of LDPE/CS composite films and characterization of all samples.

The details are described as below:

1. Preparation of CS filler

i. CS filler was prepared by three main process which are crushing, 

grinding and sieving by using sand crusher machine, grinder machine 

and sieve shaker machine respectively. CS filler was prepared by two 

different class which are untreated and treated CS filler. Treated CS 

filler was chemically treated by stearic acid (2  wt%) in order to 

increase the hydrophobicity state of the fillers and to improve the 

homogeneity of fillers in polymer matrix by improving the filler- 

matrix interaction.

2. Preparation of pure LDPE film, LDPE/UCS and LDPE/TCS composite films

i. LDPE matrix and CS fillers were compounded by using a extruder 

machine. The formulations of LDPE/UCS and LDPE/TCS composite 

films were incorporated with CS filler loading at 10phr, 20phr, 30phr, 

40phr and 50phr.

ii. Melt flow index (MFI) test was conducted to ensure the flow index 

within the range of LDPE resin for ease of extrusion blown film 

process. Blown film machine was used to produce the LDPE/UCS and 

LDPE/TCS composite films

3. Characterization and analyzing of all samples

i. The CS filler were characterized by using Fourier transform infrared 

(FTIR) to analyse the existence of functional groups in the UCS and 

TCS filler.
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ii. Tensile test was carried out to determine the tensile properties such as 

tensile strength, elongation at break and Young’s modulus.

iii. Scanning electron microscopy (SEM) analysis was carried out to 

study the microstructure of polymer matrix and fillers by using the 

tensile test specimen.

iv. Thermal properties analysis was carried out by using 

thermogravimetry analysis (TGA) and differential scanning 

calorimetry (DSC).

v. Assessment of water vapour transmission rate test was carried out to 

evaluate the physical properties of the composite films.

vi. Data analysis
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