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ABSTRACT 

 

 

 

A nonwoven web refers to web structures that have been bonded together by 

entangling the fibres via mechanical, chemical or thermal bonding. Cotton waste has 

turned into a major threat to both environment and textile manufacturing due to the 

ever increasing world growth and population. Hence, the overture of this subject is to 

reuse and transform wastes, particularly cotton waste fibres, into raw product to cut 

down wastes and to reduce burden towards surroundings. In addition, the physical 

and mechanical properties of the cotton waste nonwoven web were studied in order 

to propose the possible end used. This study involves the production of cotton waste 

nonwoven web by using the needle punching method. The cotton waste fibres were 

needle-punched with various fibre feeder speeds of 1.8 m/s, 2.2 m/s, and 2.8 m/s. 

These speed parameter were chosen based on the machine capability. The types of 

needle loom and needle density used were kept constant. The produced webs were 

layered into four, five and six layers of stacking and punching process was repeated 

to enhance compactness of the web. Physical and mechanical analyses, such as web 

thickness, web areal density, web porosity, bursting strength test, puncture resistance 

test, and tensile strength test, were assessed. Analysis of Variance (ANOVA) and 

Design of Experiment (DOE) via Minitab software were utilized for statistical 

examination to support the experimental outcomes. The outputs revealed that the 

optimum fibre feeder speed to produce a thick and compact cotton waste nonwoven 

web properties was 2.8 m/s with six layers of stacking. The results of the mechanical 

properties of the cotton waste web appeared to vary. The web with highest bursting 

properties denoted by S1L4 (11 kgf) and highest puncture resistance properties is 

represented by S2L4 (70.5 N). As for the tensile strength, the web with the highest 

tensile value is S1L6 (157.3 Pa). It is concluded that fibre feeder speed and number 

of stacked layer(s) can significantly affect both physical and mechanical properties of 

the web. Based on the given properties, it is safe to conclude that the web produced 

from this study can be applied for the agriculture and geotextile industries.
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ABSTRAK 

 

 

 

Web bukan tenunan adalah struktur web yang terikat bersama antara serat melalui 

ikatan mekanikal, kimia atau ikatan termal. Sisa kapas telah menjadi ancaman utama 

kepada alam sekitar dan pembuatan tekstil berikutan pertumbuhan dan populasi 

dunia yang semakin meningkat. Oleh itu, projek kajian ini bertumpu untuk 

menggunakan semula dan mengubah bahan buangan kain khususnya serat sisa kapas 

kepada produk baru untuk membantu mengurangkan sisa kapas dan mengurangkan 

pencemaran terhadap persekitaran. Di samping itu, sifat fizikal dan mekanikal web 

serat sisa kapas tanpa tenunan dikaji untuk mencadangkan kemungkinan aplikasi 

akhir yang sesuai. Kajian ini melibatkan penghasilan web sisa kapas tanpa tenun 

dengan menggunakan kaedah bukan tenunan. Serat sisa kapas diproses dengan 

pelbagai kelajuan 1.8 m/s, 2.2 m/s, 2.8 m/s. Jenis jarum dan ketumpatan jarum yang 

digunakan adalah malar. Web yang dihasilkan dilapis menjadi empat, lima dan enam 

lapisan sebelum ditumbuk sekali lagi untuk meningkatkan kekompakan web. 

Analisis fizikal dan mekanikal seperti ketebalan web, kepadatan laman web, porositi 

web, ujian kekuatan pecah, ujian rintangan tusukan dan ujian kekuatan tegangan 

telah dinilai. Analysis of Variance (ANOVA) dan Design of Experiment (DOE) 

melalui perisian Minitab telah digunakan untuk ujian statistik untuk menyokong 

keputusan kajian. Hasil ujian menunjukkan bahawa kelajuan pengumpan serat yang 

optimum untuk menghasilkan web bahan buangan tanpa tenun dengan sifat fizikal 

yang paling optimum adalah 2.8 m/s dengan enam lapisan web. Walau 

bagaimananapun, keputusan sifat mekanikal web sisa kapas kelihatan berbeza. Web 

yang mempunyai kekuatan pecah tertinggi diwakili oleh S1L4 (11 kgf) dan sifat 

rintangan tusukan tertinggi pula diwakili oleh S2L4 (70.5 N). Bagi kekuatan 

tegangan pula, web yang memperoleh nilai tegangan tertinggi ialah S1L6 (157.3 Pa). 

Kesimpulannya, kajian ini membuktikan bahawa kelajuan pengumpan serat dan 

bilangan lapisan web akan memberikan kesan yang signifikan terhadap sifat fizikal 
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dan mekanik web. Berdasarkan sifat web, ia boleh disimpulkan bahaya web sesuai 

untuk digunakan dalam bidang agrikulutur dan geo-tekstil. 
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CHAPTER 1   

 

 

 

INTRODUCTION 

 

 

 

1.1 Background of Study 

 

World population growth, combined with the on-going overall improvement of living 

standard, has resulted in a steady increase of global fibre consumption since past few 

decades (Lu & Hamouda, 2014). The global fibre supply has been projected to 

escalate from 87 million tonnes to 240 million tonnes by year 2050 (Björquist et al., 

2017). Cotton fibres have been the most preferred materials for making apparel or 

clothing due to low cost and its availability. People from hot and humid country, 

such as Malaysia, tend to grow fond of cotton shirts compared to other type of 

materials. This is due to cotton is a natural fibre and it has many benefits sush as its 

ability to biodegrade and the way it is designed and manufactured into textiles (Ross, 

2014; Umar et al., 2016; Weber et al., 2019). 

 As the demand of new textile design has kept growing annually, the 

production has become more vigorous. According to Pensupa et al., (2017) the 

compound average growth rate of the global textile and apparel market is predicted 

to grow at 3.7% per year and to exceed 100 million tonnes by 2025. This conjuncture 

has resulted in higher amount of fibre waste generated from two main sources: 

consumption and industrial products. Among all fibres, cotton is one of the main raw 

materials owing to its large share in the textile market. The global cotton production 

has no sign of slumping due to the high global cotton demand. Cotton production the 

largest growth among other natural fibres as it shows a fivefold increase for the 2011 

to 2016 period (Julia et al., 2019). The increasing rate of production has led to 

shorter lifetimes for textile garment and increase in discarded clothing, and not to 
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neglect, a larger environment effect (Haule et al., 2016). The major textile waste is 

cotton fibre as cotton is relatively a cheap raw material and more cost-effective, 

when compared to synthetic fibre. It is more often that synthetic fibre, which are 

derivatives of petroleum, which cost more when compared to natural fibres. Besides, 

it is more environment-friendly to use cotton than synthetic fibres due to its 

biodegradability (Weber et al., 2019).  

Malaysia is a hot and humid country where cotton webs have been the best 

choices for apparel purposes. Nevertheless, the rising interest in fashion market has 

led consumers to generate a new web pattern after short-term use. The garment 

usually can be used for just one cycle and new designs will pop up to replace the old 

ones. This results in higher amounts of cotton waste in landfills. Cotton production 

requires massive energy and water consumption, which later become the chief 

origins of contamination. Production of 1 kg of cotton requires 7000 to 29000 litres 

of water and 11% of all pesticides consumed every year and finally discharged into 

watercources can cause serious hazards for both open and underground water (Zhang 

et al., 2015). In order to obtain high productivity,  high amount of pesticides, 

insecticides and fertilizers were used during cotton cultivation process (Pensupa et 

al., 2017). When huge amount of pesticides, insecticides and fertilizers were used it 

can harm and polluted the clean underground water sources.  

The Municipal Solid Waste (MSW) is comprised of nearly 5% of textile 

waste worldwide. Some possible environmental impacts of solid wastes in MSW are 

greenhouse gas emission, silver and chromium emissions, as well as pesticides 

residues (Remy et al., 2016). Burying and land filling textile wastes have been the 

major concerns for the environment (Mishra et al., 2014). Lu & Hamouda (2014) 

reported that, a total amount of 7.3 million tonnes of apparel wastes was generated 

each year in Europe and 50% of them ended up at the landfills.  Therefore, it is 

absolutely necessary to establish methods for handling the constantly increasing 

levels of textile waste, particularly, the recycling method. According to Björquist et 

al., (2017), the two types of textile recycling methods are chemical and mechanical 

recycling methods. In light of environmental purposes, the chemical recycling 

method is hazardous to the surroundings.  

 The practice of disposal requires constant creation of new landfills spaces, 

which contradicts with most environmental goals, including ecosystem protection 

(Lu & Hamouda, 2014). Figure 1.1 displays the cotton waste fibres from textile 
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manufacturing being dumped at the factory backyard. Reusing the same garment is 

confined to only a single cycle. This demands a more sustainable approach in textile 

manufacturing towards creating zero waste by recycling and repurposing textile 

materials into usable products. Cotton waste is viable to be manufactured into several 

products due to its availability and biodegradability aspects. At present, the 

Malaysian textile industry appears to face some challenges in producing non-

hazardous textiles waste that can be recycled as required by consumers and local 

authorities.   

 

 

 

Figure 1.1: Cotton waste fibres from textile manufacturing (Stone, 2017) 

  

1.2 Problem Statement 

 

Recycling practices reduce the dependency towards primary sources; cotton fibres, 

apart from reducing the amount of waste while ensuring a sustainable approach of 

living. According to Anna et al., (2017), the aim towards close-loop recycling which 

focused to re-used the collected textile waste can be reduced by 50% by 2025. It can 

be achieved but in participation from the textile collectors. The trial was in need in 

order to validate the criteria and the certification of the recycling process in order to 

be introduced to the textile industries so that textile waste can be reduced by the year 

2025. Different textile approaches can be used in recycling the cotton waste into 

value-added product. Textile recycling is divided into two types: mechanical and 

chemical recycling (Björquist et al., 2018). For instance, textile technologies, such as 

nonwoven application, can be applied to produce a new web structure by using 
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cotton waste fibres and at the same times it is biodegradable (Weber et al., 2019). 

Previous researchers have assessed many types of natural fibres obtained from waste 

to produce new products that can be applied in various fields.   

Current research or study mostly focused on recycling the waste fibres by 

utilizing the chemical recycling methods. It became the favorite choice due to its 

ability to increase the poor properties of the used fibres before recycle it into new 

products (Luiken & Bouwhuis, 2015). However, the chemical recycling process 

tends to avoid cotton wastes fibres and it involves more harmful chemicals to the 

environment. In addition, chemical recycling focuses more on the re-production of 

man-made fibres, instead of natural fibres. However, the most compatible methods to 

produce new types of products without further damaging the recycled fibres are the 

methods that can directly produce a continuous web or fabrics from fibres (Husain et 

al., 2019).  

This method is called the nonwoven needle punching process. The spinning 

technology can also be used, but the recycled fibres have been proven to have lower 

mechanical strength, when compared to the original fibres. Hence, the fibres can be 

easily broken, thus difficult to be spun into yarn. This is also caused by the different 

length of fibres. Some projects have turned cotton waste fibres into yarn form before 

being knitted into fabrics. As reported in past studies by Leon et al., (2016), the 

process can only be achieved with the combination of one or more different fibres 

and with the aid of special treatment on the fibres. 

 In light of environmental purposes, the chemical recycling method is 

hazardous to the surroundings as it usually includes the depolymerisation process, 

which uses high concentration of methanol and water (Björquist et al., 2017). 

However, it has been proven that the chemical recycling method is not 

environmental-friendly in certain ways. Sekiguchi et al., (2015) stated that the 

chemical recycling can only be applied for textiles made from synthetic fibres, 

mainly polyamide 6 and polyethylene terephthalate. In other word, the presence of 

chemical is a must in utilizing the chemical recycling method. The mechanical 

recycling method is preferred due to its accessibility to scale down any use of 

chemical treatment and does not require tonnes of water. It is an alternative to 

produce a cotton waste nonwoven web by needle punching method in this project 

research. Hence, this is a safer recycling choice to not harm the materials further and 

a more environmental-friendly approach which had been implemented in this study. 
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1.3 Research Objectives 

 

The research objectives of this study were as follows: 

 

i) To analyse the physical and mechanical properties of cotton waste web and 

suggest the possible end products application.  

ii) To investigate the effect of processing parameters on physical and 

mechanical properties of the cotton waste web via Analysis of Variance 

(ANOVA). 

 

1.4 Scope of Study 

 

The cotton waste fibres were supplied by Golden Gate Technologies located in Ayer 

Keroh, Melaka. The cotton wastes derived from post-consumed fibres that had 

undergone the garneting process to be turned into individual fibres. The cotton waste 

fibres were processed into a nonwoven web by using a needle punching machine 

found in Nonwoven Lab, Universiti Tun Hussein Onn Malaysia. The controlled 

processing parameters during the web formation were fibre feeder speed (1.8 m/s, 2.2 

m/s, and 2.8 m/s) and the number of stacked layers (4, 5, and 6 layers). The web 

underwent two types of tests; physical and mechanical properties tests. All the 

methods used were mainly referred and adapted from the American Society for 

Testing and Materials (ASTM) standard. The physical properties tests included web 

thickness (ASTM D5199), web mass per unit area (ASTM D3776), and web 

porosity. The mechanical properties tests included bursting strength test (ASTM 

D3786), puncture resistance test (ASTM D4833-07), and tensile strength test (ASTM 

D5035). The data retrieved from this study were collected and can be employed as 

reference by other researchers who are interested in utilizing similar materials.  

 

1.5 Significance of Study 

 

This project has several importances towards the recycling of cotton waste and helps 

to save and keep better environment for the next generations. The contribution of the 

projects is divided into three, which are the government, the industry, and the 

environment. First, as discussed in the Eleventh Malaysia Plan (RMK11), Malaysia 
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envisions to achieve a low-carbon and resource-efficient country in order to become 

an advanced nation by 2020. As such, this project focused on environment 

sustainability by utilizing the major textile solid waste, which is cotton waste. 

Indirectly, it will help in reducing the pollutants emitted after disposing MSW at the 

landfill. One of the goals of RMK11 is to eliminate any activity that contributes to 

environmental pollution.  

The industry also has the opportunity to apply recycling knowledge in 

generating new products and not 100% depending on new raw fibres. The recycling 

knowledge should be shared and implemented in the industry as it can help reduce 

production cost and waste. Thus, this project offers a new approach for textile 

industry to reduce waste by recycling the waste into value-added products via 

nonwoven needle punching technique.  
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CHAPTER 2  

 

 

 

LITERATURE REVIEW 

 

 

 

2.1 Municipal Solid Waste (MSW) 

 

The Municipal Solid Waste (MSW) also known as trash or garbage consists of food 

waste, paper, plastics, textiles, metals, woods, nappies, slug and ashes. (Tozlu et al., 

2016). MSW is usually generated from household, commercial and institutional 

activities. Sadef et al., (2016) reported that 2.6 billion tonnes of solid waste will be 

generated in 2025 worldwide. The significant increase in the production of solid 

waste is caused by the rapid increase in population, urbanization and economic 

development. According to Zaman (2016), only 15% of the generated waste is 

recycled and most of them is still managed by the landfills globally.  

 Malaysia also faced an unconditional increase in MSW due to the population 

growth, economic advancement, and industrialization. However, the current waste 

disposal practice of landfilling is not sustainable. The Malaysian government has 

striven towards effective solid waste management through numerous programs and 

strategies. Waste management is required to oversee waste, which includes all bodily 

functions of processing the waste to its final disposition, including collection, 

transportation, and processing. Proper waste management can help to reduce wastes 

and the dependency towards raw materials. In fact, it is one of the most crucial 

factors influencing the quality of life in urban areas. Malaysia has approved to 

consider sustainability in its evolution in Agenda 21, United Nations Framework 

Convention on Climate Change, and the Kyoto Protocol.  

 As a consequence, the Malaysian government has declared to lower its 

national carbon dioxide emission to 40 % by 2020, as compared to the levels in 2005 
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(Sreenivasan et al., 2013). To achieve that goal, the strategy for solid waste 

management needs to be improved (Zeeda & Keng, 2014). If MSW is properly and 

wisely managed, it can be a valuable source of biomass materials (Sadef et al., 

2016). According to the Table 2.1, the textile waste is categorized as organic waste 

that is biodegradable. In a different perspective, MSW is defined based on its 

biodegradable status which is fully biodegradable (some organic waste, paper and 

textiles), partially degradable (some organic waste, disposable napkin and sanitary 

waste), and non-degradable (metals, glass and electronic waste).  

 

Table 2.1: Physical composition of municipal solid waste 

Source: Abas & Wee (2013) & (Katherine, 2018) 

 

Physical 

Composition 

Basic 

Classification 

Examples 

 

Organic 

Food waste Vegetables, meats 

Garden waste Dried leaves, twigs, cut grasses 

Textile and rubber Clothes, leather products 

Paper and box Newspaper, vary type of paper and box products 

 

 

 

 

Inorganic 

 

 

Plastic  

1 = Polyethylene terephthalate, 2 = High-density 

polyethylene, 3 = Polyvinyl chloride, 4 = Low-density 

polyethylene, 5 = Polypropylene, 6 = Polystyrene, 7 = 

Multilayer Plastic *based on coding plastic system by 

Plastics Industry Association Incorporation 

 

Glass 

 

Vary type of glass products used in home, laboratory, 

and etc. 

 

Metal 

 

Ferrous products, zinc, chromium, and vary type of 

metal products 

  

 Landfilling is the main disposal approach used in Malaysia since decades 

ago. However, Malaysia is facing landfill problems, such as the waste reaching 

beyond its capacity, overflowing landfill sites, and no facility for venting gas, 

leachate treatment, and land shortage. It is reported that Malaysians in average 

generate about 0.5-1.9 kg/capita/day of MSW; which bring a total of up to 25000 

tonnes/day of MSW. It is estimated that the number will exceed 30000 tonnes/day by 

2020. Due to the increasing MSW in Malaysia, the designed life span of the existing 

landfill has been cut down. This places pressure on preparing new landfill sites, and 

consequently contributing to environmental degradation (Aja & Al-Kayiem, 2014). 

With limited number of landfills to handle the expanding volume of wastes, there is a 

need to recover wastes for other uses.  
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  Solid waste is defined as human and animal surplus products in solid state, as 

a result of waste disposal by community (Agwu, 2012; Sabeen et al., 2016).  As 

stated by the Malaysia Solid Waste and Public Cleansing Management Act 2007, 

disposal could be by any means of destruction, incineration and deposit or 

decomposing (Nagapan et al., 2012). However, rapid change in industrialization 

generates huge amount of waste. As a result, new method to manage the solid wastes 

instead of only promoting the use of treatments and disposal method, rather than 

recovery must be immediately discovered. However, the aforementioned approach 

had been found to create many environmental issues; such as illegal dumping, the 

need of new landfill for wastes disposal, and also create nuisance to the surrounding 

and general publics.  

 The manufacturers have regarded textile waste as unusable for its original 

purposes. It is usually reused for only one cycle before being dumped into the 

landfill. However, it depends on the fibre used in the garment making. It is a shame 

that waste containing great amount of fibres is generated despite the evolution of 

machinery in the textile industries (Umar et al., 2016). As shown in Table 2.1, there 

are also fibres extracted from petroleum in the category of plastics. However, it is 

recorded that the main composition of waste in Malaysia is made up of nearly 50% 

organic waste, followed by plastics, paper, metal and glass (Abas & Wee, 2013). 

 Textile recycling will help to slim down the uses of landfills and also can 

save monetary resources. According to Leon et al., (2016), the trend of producing 

low cost products in high volumes and quickly disposing them only after a short time 

use is the reason why large quantities of waste is produced. This is the so-called 

“circular loop”; which follows the same pattern of “take-make-consume-disposed”. 

Textile wastes, such as from fibre, textile and clothing, can be collected from the 

community, manufacturing industry and consumers. Santhanam et al., (2019) 

claimed that industrial textile wastes are the by-products of the industrial textile 

wastes such as curtains, carpets, and hospitality applications. These are also referred 

to as pre-consumer, post-consumer and industrial textile waste.  

 Pre-consumer textile waste is generated from the fashion supply chain before 

the textile reaches consumers. It is also known as “clean waste” that consists of 

rejected materials from the production of finished yarns and textiles, including 

garments, footwear and nonwoven textiles (Ahmad et al., 2016). However, post-

consumer waste; which is often referred to as “dirty waste”, is any type of garment or 
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