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Sifat-Sifat dan Keupayaan Biodegradasi oleh Campuran Polietalina 

Berketumpatan Rendah/Termoplastik Serbuk Hampas Soya Bersama Serbuk 

Lalang Ditambah sebagai Pro-Oksida 

 

ABSTRAK 

 

Pembuangan sampah merupakan suatu masalah persekitaran yang serius dan menjadi 

cabaran terbesar dalam pengurusan sisa pembuangan. Keazaman yang tinggi untuk 

menghasilkan polimer yang ‘mesra alam’ telah mendorong para penyelidik untuk 

menjalankan kajian mengenai polimer terbiodegradasi melalui campuran polimer 

semulajadi ke dalam bahan plastik yang tidak terbiodegradasi. Termoplastik merupakan 

suatu bahan yang dihasilkan melalui gabungan pemplastik ke dalam polimer semulajadi 

contohnya kanji. Oleh yang demikian, dalam kajian ini, suatu percubaan untuk 

menggabungkan polimer semulajadi berdasarkan protein iaitu hampas soya ke dalam 

matrik polietalina berketumpatan rendah telah dijalankan. Kajian ini menyiasat 

pengaruh gliserol terhadap sifat-sifat campuran yang tersedia daripada kandungan 

polietalina berketumpatan rendah yang divariasikan daripada 5 sehingga 25 peratus 

kandungan. Serbuk lalang (1.5 peratus) yang bertindak sebagai pro-oksida telah 

ditambah ke dalam campuran polietalina berketumpatan rendah/hampas serbuk soya 

dan polietalina berketumpatan rendah/termoplastik hampas serbuk soya. Pendedahan 

kepada persekitaran semulajadi dan penanaman ke dalam tanah telah dijalankan selama 

9 bulan untuk mengenal pasti tahap potensi polimer yang terhasil untuk mereput dalam 

persekitaran yang berbeza. Hasilnya, campuran polietalina berketumpatan 

rendah/termoplastik hampas serbuk soya menunjukkan kekuatan tegangan dan 

pemanjangan pada takat patah yang lebih tinggi berbanding campuran polietalina 

berketumpatan rendah/ hampas serbuk soya selepas pendedahan kepada persekitan dan 

penanaman di dalam tanah. Walaubagaimanapun, selepas penambahan serbuk lalang, 

kekuatan tegangan dan pemanjangan pada takat patah untuk kedua-dua campuran 

menurun. Imej mikrograf SEM menunjukkan terdapat penghasilan retak, lubang dan 

kolonisasi kulat pada permukaan polietalina berketumpatan rendah/ hampas serbuk soya 

dan polietalina berketumpatan rendah/ termoplastik hampas serbuk soya. Bagi analisa 

pengimbasan kalorimeter pula, polietalina berketumpatan rendah/hampas serbuk soya 

menghasilkan penghabluran yang lebih tinggi (15.65% untuk 25 peratus kandungan) 

berbanding polietalina berketumpatan rendah/termoplastik hampas serbuk soya 

(14.76%) untuk peratus kandungan yang sama. Kestabilan terma untuk setiap campuran 

menurun daripada 451°C bagi polietalina berketumpatan rendah asli dengan 

pertambahan 25 peratus kandungan hampas serbuk soya (269 °C) dan termoplastik 

hampas serbuk soya (284°C). Sebanyak tiga jenis mikroorganisma telah berjaya 

diasingkan. Aspergillus fumigatus daripada genus Aspergillus mencatatkan peningkatan 

sel berat kering yang paling tinggi iaitu sebanyak 56% melalui proses fermentasi.   
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Properties and Biodegradability of Low-Density Polyethylene/Thermoplastic 

Soya Spent Powder (TSSP) Blends Added Spear Grass Powder as Pro-Oxidant 

 

ABSTRACT 

 

 

Plastic waste is a serious environmental problem and become an enormous challenge to 

waste management. A high determination to produce eco-friendly polymer has led the 

researchers to investigate about biodegradable polymers by adding natural polymer into 

the non-degradable plastic material. Thermoplastic is a material that produced by 

incorporating the plasticizer into the natural polymer, ie starch. Therefore in this 

research, an attempt was made by incorporating protein based natural polymer which 

was soya spent powder (SSP) into LDPE matrix. This study investigated the influence 

of glycerol on the properties of blends prepared from low density polyethylene (LDPE) 

with different SSP content varied from 5 to 25 wt%. Spear grass powder as a natural 

pro-oxidant (1.5 wt%) has been added into LDPE/SSP and LDPE/TSSP blends. Natural 

weathering test and soil burial test were performed for 9 months period to determine the 

potential of this polymer to degrade in different surroundings. As a result, LDPE/TSSP 

blends showed higher strength and elongation at break (Eb) compared to LDPE/SSP 

blends after weathering and composting. However, after the addition of spear grass 

powder, the tensile strength and Eb of LDPE/TSSP blends decreased. Scanning electron 

microscopy (SEM) micrographs showed the formation of crack, pores and fungus 

colonization on of LDPE/SSP and LDPE/TSSP blends surfaces. For differential 

scanning calorimetry (DSC) analysis, LDPE/TSSP blends presented higher crystallinity 

(15.65% for 25 wt% TSSP) compared to LDPE/SSP blends for the same blends ratio 

(14.76%). The thermal stability for each blends decreased from 451 °C (for neat LDPE) 

with an increase of 25 wt% of SSP (269 °C) and TSSP (284 °C) content. Three different 

strains have been successfully isolated in this study. Aspergillus fumigatus from the 

genus of Aspergillus encountered the highest percentage increment of cell dry weight 

(mg) which is 56% through the fermentation process.  
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Background 

 

Nowadays, the disposal of plastic waste is a serious environmental issue that still 

meets the dead end. Most of the solid waste is contributed by petroleum-based plastics 

such as polyethylene (PE), polypropylene (PP), polystyrene (PS) and polyvinyl chloride 

(PVC). Apart from that, 40% of the plastic that used in the packaging application is 

from polyethylene (Sung, 2010). Table 1.1 illustrates generation of solid waste in East 

Malaysia. 

 

Table 1.1: Generation of solid waste in East Malaysia (Pusat Perbadanan dan 

Pengurusan Sisa Pepejal Awam, 2014) 

 

Year Amount (Tonnes per day) 

2005 17 000 

2012 22 000 

2013 30 000-33 000 

 

Average generation of solid waste for one person is about 1.25 kg/capita a day 

(Pusat Perbadanan dan Pengurusan Sisa Pepejal Awam, 2014). Figure 1.1 demonstrates 

the components of solid waste. Plastic contributes about 25% from the components of 

solid waste. This indicates the high amount of plastic waste disposal based on the 

statistic generation of solid waste in East Malaysia.  
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Figure 1.1: Component of solid waste (%) (Pusat Perbadanan dan Pengurusan Sisa 

Pepejal Awam, 2014) 

 

Polyethylene is not biodegradable and last for many years upon disposal. In the 

present studies of biodegradability of PE, the researchers have jump into conclusion that 

the number of bacteria that can degrade PE is based on its molecular weight 

(Luckacahan et al., 2006). They defined the high molecular weight PE cannot be 

biodegraded since it comprises of many branches that hardly to break down. PE takes 

hundreds years to completely degrade and highly resistant due to chemical and 

environmental degradation (Otake et al., 1995).  

 

By introducing natural polymer into the non-degradable plastic, a low cost of 

degradable polymer can be produced (Sam et al., 2010). Nevertheless, most of the 

researches focused on the starch that rich in polysaccharide. Danjaji et al. (2002) 

blended sago-starch with the linear low density polyethylene (LDPE) and Sabetzadeh et 
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al. (2015) used thermoplastic starch as a filler in linear low density polyethylene/ low 

density polyethylene. However, there are only few studies that incorporate the protein 

based natural polymer in the non-biodegradable polymer (Kaur et al., 2009). Soya 

protein-based polymer is another potential natural polymer instead of starch-based 

biodegradable natural polymer. Soya spent powder (SSP) is an abundant biomaterial 

because it is the by-product from soya oil production. Therefore, the cost of SSP is 

cheaper than soya protein isolate and soya protein concentrate (Tian et al., 2009). 

However, it needs intense transformation to disrupt its native structure and to become 

thermoplastic. A thermoplastic is described as a polymer that softens or melts on 

heating, and returns to a solid state on cooling.  

 

Today, most of the researchers are focusing on thermoplastic starch (TPS). 

Nevertheless, there is lack of research are carried on thermoplastic based protein.  

Plasticizers are inert organic compound, used as polymer additives which have low 

molecular weight, high boiling points and low pressures. The incorporation of 

plasticizers is to improve the mechanical properties such as flexibility and tensile 

strength (Rahman & Brazel, 2004). A good plasticizer means that it has a good 

compatibility with polymer, which depends on polarity, solubility, structural 

configuration and molecular weight of plasticizer. Plasticizing agents that were 

commonly used included water and glycerol (Famá et al., 2006; Alves et al., 2007), 

polyethylene glycol (Parra et al., 2004) and other polyols, such as sorbitol, mannitol and 

sugars (Talja et al., 2008; Kechichian et al., 2010). Some researchers found that glycerol 

is the best plasticizer for water soluble polymers due to the presence of hydroxyl group 

in the glycerol (Bertuzzi et al., 2007; Müller et al., 2008). This hydroxyl group provides 

the hydrogen bonds in polymeric chains which increase the tensile strength and present 
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more flexible structure to the blends. According to Wang et al. (2004), they observed 

that the tensile properties of the LDPE/rich starch blends slightly increased after the 

incorporation of glycerol to the starch. 

 

Pro-oxidant is a substance that accelerates the oxidation process of another 

substance. In this context, spear grass powder (Imperata cylindrica) was incorporated 

into the LDPE/TSSP blends to enhance the biodegradability of the polymer. Spear grass 

powder contains some metal compounds i.e cuprum, zinc, mangan and ferum 

(Okonmah & Agbogidi, 2013). The usage of spear grass powder can be considered as 

green, low-cost and non-toxic pro-oxidant. The previous study by Sharma et al. (2001) 

found that the incorporation of manganese stearate as the key pro-degradent has 

increased the rate of degradation tremendously. Therefore, it was proven that the pro-

oxidant can accelerates the degradation process by inducing the oxidative reaction in the 

polymer chains.  

 

In this study, LDPE were blended with SSP and TSSP in various blends ratios.  

The properties of these two blends after subjected to natural weathering and soil burial 

for 9 months were compared to determine their biodegradability. Spear grass powder 

was added to the blends in order to fasten the degradation rate of the materials. This 

study also included isolation and identification of microorganism that contribute in the 

degradation of the blends from soil burial test. The purpose of the identification is to 

find out the key microorganism which involved in the biodegradation of the 

LDPE/TSSP blends. In addition, this research is strengthening by the biodegradability 

study through the liquid state fermentation. From this method, the biodegradability of 

the blends is evaluated from biomass profile of the selected microorganisms.   
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