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ABSTRACT 

The purpose of this project is to develop the new composition of bio composite made 

of clay+epoxy as a binder and reinforced by Kenaf fiber. This reaches also to identify 

and analyse the composition of both mixture composite. The aim of this researches is 

to reduce the human problem which is synthetic fiber production utilization. This 

problem cause to environment and human health. The increases of the temperature due 

to air pollution year by year are effecting environment badly. The natural Kenaf fiber 

which known are produced by the Kenaf plantation industry. Kenaf has large amount 

of potential natural fiber because it consist high cellulose contains. The naturally made 

resin is clay act as the binder mix with kenaf fiber into the composite. The 6 sample 

has being prepared with varying its composition. Each of variation mixture has 3 

sample that will used for the testing process. The sample are prepared by mixing the 

clay+epoxy layer by layer with the Kenaf in the middle of the composite. All these 

sample are tested by using NDT which is non-destructive test to identify the 

mechanical properties. The test involve was tensile test, and flexural test. The result 

obtain shown the range of the best composition between clay+epoxy and Kenaf fiber 

until it goes down. The best composition 30 wt% are chosen to be used as a ratio on 

composite material for the car door trim fabrication. Therefore, all the objective of this 

project have been studies where a new composite are be developed, analysed and 

tested. 

v 
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ABSTRACT 

Tujuan projek ini adalah untuk membangunkan komposisi bio komposit baru yang 

diperbuat daripada tanah liat + epoksi sebagai pengikat dan diperkuat oleh gentian 

Kenaf. Ini juga dapat mengenal pasti dan menganalisis komposisi kedua-dua campuran 

komposit. Tujuan penyelidikan ini adalah untuk mengurangkan masalah yang dihadapi 

manusia terhadap penggunaan dan pengeluaran serat sintetik. Masalah ini 

menyebabkan alam sekitar dan kesihatan manusia. Peningkatan suhu disebabkan oleh 

pencemaran udara pada tahun demi tahun telah menyebabkan keadaan yang tidak 

sihat. Serat Kenaf semulajadi yang dikenali dihasilkan oleh industri perladangan 

Kenaf. Kenaf mempunyai sejumlah besar serat semulajadi yang berpotensi kerana ia 

mengandungi selulosa yang tinggi. Resin yang dibuat secara semulajadi adalah tindak 

balas tanah liat sebagai campuran pengikat dengan serat kenaf ke dalam komposit. 6 

jenis sampel telah disediakan dengan pelbagai komposisinya. Setiap campuran variasi 

mempunyai 3 sampel yang akan digunakan untuk proses ujian. Sampel disediakan 

dengan mencampurkan lapisan epoksi tanah liat dengan lapisan Kenaf di tengah­

tengah komposit. Semua sampel ini diuji dengan menggunakan (Destructive test)DT 

yang merupakan ujian memusnahkan untuk mengenal pasti sifat-sifat mekanik. Ujian 

melibatkan ujian tegangan, dan ujian lenturan. Hasilnya didapati menunjukkan julat 

komposisi terbaik antara tanah liat + epoksi dan serat Kenaf sehingga ia turun. 

Komposisi terbaik dipilih untuk digunakan sebagai nisbah bahan komposit untuk 

fabrikasi pintu kereta. Oleh itu, semua objektif projek ini telah dikaji dimana komposit 

baru akan dibangunkan, dianalisis dan diuj i. 

Vl 

© Universiti Tekni!Gs1 rvlalaysia Melaka 



DEDICATION 

To my beloved parents Mr.Musa bin Saleh and Mrs.Sarimah Binti Man and my 
supervisor Mr Mohd Afdhal bin Shamsudin. 

Vil 

© Universiti Tekni .. .... 1 ysia Melaka 



ACKNOWLEDGEMENT 

Firstly, I would like to thanks to my beloved university, Universiti Teknikal 

Malaysia Melaka (UTeM) giving me this opportunity to explore myself in new thing. 

I would like to thanks God for blessings to allow me complete my Final Year Project 

smoothly although there are some problems faced during my research. 

I wish to express my fully thanks to my Supervisor, MR MOHD AFDHAL 

BIN SHAMSUDIN for the motivation, enormous amount of knowledge and 

patience. Sir has guided me and gives useful information in all the time of research 

study. 

Besides, I like to take this opportunity to express my gratitude to all 

assistance engineers in UTeM which given fully assistance to me for this research 

study inside the laboratory. 

Last but not the least, I here to thank my family, classmates and friends for 

the continuously encouragement, care and support me toward this project. 

Vlll 

© Universiti Teknika. 1alays1a Melaka 



Table of Contents 

DECLARATION ........................................................................................................ iii 

APPROVAL ................................................................................................................ iv 

ABSTRACT .................... .... ............ ........... ...... .. ........ ..... ...... .. ... .. ............... .. ............... v 

DEDICATION ............................................... .. ..... ....... ...... ..... ....... .... .. .. ......... ... .... .. .. vii 

ACKNOWLEDGEMENT ............... .... ....... ............ ............................. .. ............... .... viii 

LIST OF TABLE ........ .. ............ .............. ......................... ............ .... ................... .... .. xiii 

LIST OF FIGURE ... .. .... ... ..... ........... ..... ..... .... ...... ........ ....... ...................................... xiv 

LIST OF APPENDICES ....... ................................................ .................. .. .... .. ... ... ... xvii 

LIST OF SYMBOLS .......................................................... .. .. ................ .. .......... ... . xviii 

CHAPTER 1 ....................................................................... .. ...... ... .... .. .... .. ..... ............. 1 

INTRODUCTION .................. ..... .... ..... ...... ........................... .. ........... ..... .. ........ ... ... .... 1 

1.1 Introduction ................................................................................................... 1 

1.2 Problem Statement ............................... .......... .... ...... .. .... .. .... .. ...... ... .... ...... .... 3 

1.3 Objective .............................................................. ......... ........ .. ...................... 4 

1.4 Scope ................................................ ... ................ ..... .. .. ................................. 4 

CHAPTER2 ............................... .. ... .......... ..... ... .... .... ... ... ... ......................................... 5 

LITERATURE REVIEW ...................... ...... ..... .. .. ... .... ... ... ....... ...... ... ... ... ...... ... .. ... .... .. . 5 

2.1 Problem of Synthetic Fiber. .. .. ..... .. ..... ........ ............................. ... ............. ...... 5 

2.2 Fiber Classification ....... ......... .... ..... ........ .. ........... ... ... ... .... .. .... .. ..................... 6 

2.3 Natural Fiber Classifications ................................ ......................................... 6 

2.3 .1 Introduction .. ...... .............................. ............................. ... .... .. .... ..... .... ... 6 

2.3.2 Mineral fiber ............................ ............................ ................................... 7 

2.3.3 Animal fiber ................................... ...... .. .. .................... ......... .. ............... 8 

IX 

© Universiti Teknikal Malaysia Melaka 



2.3.4 Plant fi ber .......... ... ..... ............ ..... .... ..... .. ......... ..... ........ ..... ... ........ ... ....... . 8 

2.3.5 Natural Fiber Application ........... ........................................................... 9 

2.4 Kenaf Plant ... .... .... .............................. ............ .. ... ..... ........................ ........... 10 

2.4. 1 Introduction ................ ..... ...... .... ................. ..... ...... ..... .......................... 10 

2.4.2 Kenaf fiber .......... ..... ... ..... ....... ..... ...... ......... .. ..... .............. ......... ........... 11 

2.4.3 Kenaf Fiber Propetise ........................................................................... 12 

2.4.4 Kenaf Fiber Applicaton .... ..... .. ... .............. ......... ..... ...... ..... ..... .. .... ..... ... 15 

2.5 Clay ................... ........ ................................................................ ........... ....... 18 

2.5. 1 Clay Properties ... ............ ... ................ .... .. ....... ...................................... 18 

2.5.2 Nano-clay ... ........... .......... .... ..... ...... ...................... .................. ............. . 20 

2.5.3 Nano clay Composites Properties and Applications ........... ........... ...... 21 

2.6 Epoxy ........ ..... ..... ... ..... ..... ....... ................................. .............. ........... ......... .. 24 

2.6.1 Introduction ....... .... ....... ...... ............... ....... .................................. ..... ... .. 24 

2.6.2 Structure, chemistry, and synthesis of epoxy resin .............................. 25 

2.6.3 Advantages of epoxy over thermoplastics ..... ..... .. .... .. .... ..... .. .... .. .... .... 25 

2.6.4 Commercial applications of epoxy resin ............. ............... ...... ..... .... ... 26 

2.6.5 Modification of epoxy resin ....... ...... ................... ......... ... .............. ... ... . 26 

2.7 Molding .. .... .. ... ...... ..... .......... ..... ..... ...... ...... ..... .. ... ... ... ...... ...... ..... ...... ... ... .... 27 

2.8 Hand Lay-Up Technique ............................................................................. 28 

2.9 SolidWork .. ..... ... ........ ..... ..... ...... .. ... ... .. ... ... ..... .. .... .................. ..... ...... ... ... ... 29 

2.9.1 Design ... ... ........ ..... ............. ............. ............... .............. ...... .............. .... 29 

2.9.2 Simulation ..... .. ... .. .... ..... .. .... .......... ...... ...... .... .. .... .. ........... ..... .. .... .. .... ... 30 

2.10 Tensile Test .. ........................... ..... ................ ........... .. ..... ..... .. ................ ... 32 

2.10.1 Introduction ...... .......... ..... ........ ... ......................... ............... ............ ... ... 32 

2.10.2 Specimen dimension according to ASTM D3039 .... ...... ...... ...... ..... .... 34 

2. 11 Flextural testing ..... ..... ........... ..... ..... ......... ... ..... ... ... ... ... ... ... ...... ... ... ...... ... 35 

CHAPTER 3 .. ... .. .... ... ................................... ...................... ....................................... 36 

x 

© UniverBiti Teknikal t.ialaysia Melaka 



METHODOLOGY ............................. ..... ........................ ...................................... .. ... 36 

3.1 Introduction ................................................................................................. 36 

3.2 Flow-Chart ................................. .................. ............... ........... ...................... 37 

3.3 Material Selection ............... ......... .. ............. ...... ..... ........ .......... ....... .... ......... 38 

3.4 Mould Preparation ..................................................................................... .. 40 

3.4. l Mold Process .................. .................................... .. ......... .. ... ...... .. ... .... ... 40 

3.4.2 Mold fabrication ............................................ ............... .. ......... .... ......... 43 

3.5 Sample Preparation .... ................................... ..... .......... ............ ........ .... ........ 44 

3. 5. I Sample Measurement ....................................................... ............... ..... 44 

3.5.2 Sample design .................. .. ..... ................................. ........ .................... 45 

3.5.3 Hand lay-up Process ...................................... ....................................... 46 

3.6 Curing process .. .................................................... ... ..... .... .. ... ....... .... .. ......... 50 

3 .6.1 Gel time for sample preparation ........................................................... 50 

3.6.2 Working time for sample fabrication ..... ............. ................................. 51 

3.7 Testing ....... .............................................. .... ............ ............. .......... ..... ........ 51 

3.7.l Tensiletest ...... ... ... .. ... ........ .............. .. .... .... .......................................... 51 

3.7.2 Flexural Test. ... .......... ...... .. ..... ..... ... ...... ............. ... ......... ....................... 54 

3.8 Construction of scale model door trim product.. .................................... .. ... 58 

CHAPTER 4 ............................................. ............................................... ... ............. .. 59 

RESULT AND DISCUSSION .. ............................................. ............ ....... .............. .. 59 

4.1 INTRODUCTION ... ........... ...... ..... ...... .. ..... .. ..... ...... .. ..... ...... ............. .......... 59 

4.2 Effect of gel time of epoxy+clay and fiber. ................................... .............. 60 

4.3 Sample of testing ........................... ...... ................. .... ... ......... .. .............. ....... 61 

4.4 Result of tensile testing ...... ........... .............................................................. 63 

4.5 Result of flexural testing ............................................................................. 66 

4.6 Conclusion result .................................... .... ............. ..... ........ .......... ... ......... . 68 

4.7 Analysis product design .......................................... ............ ...... ... .. ...... ....... 70 

Xl 

© Universiti Teknikal Mali:iysia Melaka 



CHAPTER 5 .............. .. .. ... ........ ... .. .............. .................... ...... ...... .... ........ ..... .. ... .. ..... . 74 

CONCLUSION .. ........................................................................................................ 74 

5.1 Introduction ...... ......... ............................... ............ .... .. .......... .. ........ .. ... .. ..... . 74 

5.2 Summary of the research .............................. .. ...... .......................... ......... ... . 74 

5.3 Recommendations ... ......... ............ .. ........... ..... ... ........ .. .... .. .... .. ..... ..... .. .... .... 75 

REFERENCE ...... .............................. .............................. .......... .. ............................... 76 

APPENDIX ................................. ............. ................. ...... .......... ... ....... ...... ........... ... ... 84 

Xll 

© Universiti Teknikal Mali:iysia Melaka 



LIST OF TABLE 

Table 2.1: Annual productions of natural fibers 

Table 2.2 Properties of kenaf fibres 

Table 2.3 Kenaf fibres and E-glass fibres properties 

Table 2.4 CrL of untreated and heat treated kenaf fibre 

Table 2.5 Table I Fibre Dimensions of Kenaf Fibre 

Table 2.6 Comparison Properties Kenaf And Glass Fiber 

Table 2. 7 Types Of Fiber And Current Application 

Table 2.8: Description of minerals 

Table 3.1 Mold steps 

Table 3.2: Sample Percentage of composition 

Table 3.3 Process of Hand Lay-Up process for the specimen. 

Table 3.4 Procedure preparing the tensile specimen 

Table 3.5 SOP for flexural testing 

Table 4.1 The gel time of 5 samples with average time 

Table 4.2 The different kind of composition ratio of samples 

Table 4.3 Data recorded in tensile testing 

Table 4.4 Properties on the specimen 

Table 4.5 Comparison of the result collected VS previous research. 

Xlll 

© Universiti Teknikal Mali:iysia Melaka 

9 

13 

13 

13 

16 

17 

18 

19 

41 

45 

46 

51 

55 

60 

62 

63 

67 

69 



LIST OF FIGURE 

Figure 2.1 Classification of fiber 

Figure 2.2: Classification of natural fibres 

6 

7 

Figure 2.3: Kenaf Fiber 12 

Figure 2.4 (a) A photograph of kenaf plant. (b) Photograph of the cross section of 

kenaf plant stem (c) Photograph of a kenaffibre 14 

Figure 2.5 Sampling positions and parts of kenaf stems 

Figure 2.6 (a) Kenaf core (b) Kenaf bast 

15 

16 

Figure 2. 7 Flax, hemp, sisal, wool and other natural fibers are used to make 50 

Mercedes-Benz E-Class components 17 

Figure 2.8: Three main types of the Nano-clay reinforced composite 20 

Figure 2.9 Application of the bio composite material for automotive industry 23 

Figure 2.10: Hand lay-up brushes, rollers, and squeegees. 28 

Figure 2.11 : Laminated constitution layer 29 

Figure 2.12: Process of hand lay-up by using roller 29 

Figure 2.13: Systematic steps in designing using Solid Works 30 

Figure 2.14: Stress Analysis 31 

Figure 2.15: Strain Analysis 31 

Figure 2.16: Displacement analysis 31 

Figure 2.17: The tensile sample dog-bone according to the type of ASTM 32 

Figure 2.18: Dog bone schematic design 33 

Figure 2.19 : Dog bone specimen after fabrication process 33 

Figure 2.20: Universal Tensile Machine (UTM) 33 

Figure 2.2 1 : Specimen after tensile test 34 

Figure 2.22 Universal testing machine Instron 8872 34 

Figure 2.23 Standard tensile test specimen dimensions as per ASTM D 3039 35 

Figure 2.24 Dimensions of the tensile test specimen ASTM D3039 35 

Figure 2.25 Length = 127mm, width = 13mm, thick = 4mm 35 

Figure 3.1 Flow chart of research 38 

Figure 3.2 Kenaf fiber 39 

XIV 

© Universiti Teknikal Mali:iysia Melaka 



Figure 3.3 Raw Clay 

Figure 3.4 Epoxy resin and hardener 

Figure 3.5 Isometric view with dimension 

Figure 3.6: Dimension size of mould after laser cutting process 

Figure 3.7 Applied release agent 

Figure 3.8 Applied gel coat 

Figure 3.9 Measure resin 

Figure 3 .10 Roll the fiber 

Figure 3.11 The mold after curing 

Figure 3.12 Laser cutting 

Figure 3.13 Isometric view 

Figure 3.14 Top view 

Figure 3.15 3D model of the complete mold. (Isometric view) 

Figure 3.16 Sample design 

Figure 3.17 Equipment 

Figure 3 .18 Fiber orientation 

Figure 3.19 Fiber weight measurement 

Figure 3.20 Testing mold 

Figure 3 .2 1 Release agent 

Figure 3.22 Musking tape 

Figure 3.23 Arrange kenaf fiber 

Figure 3.24 Pour binder into the mold 

Figure 3.25 Specimen curing process 

Figure 3.26 Take out the specimen 

Figure 3.27 Finish specimen 

Figure 3.28 Label of specimen 

Figure 3.29 Prepare specimen 

Figure 3.30 Tensile machine 

Figure 3 .31 Insert parameter 

Figure 3.32 Insert temperature 

Figure 3.33 Specimen ratio and dimensions 

Figure 3.34 Place the jaw 

Figure 3.35 Insert the specimen 

Figure 3.36 Specimen being tested 

xv 

© Universiti Teknil0:11 alaysia Melaka 

39 

39 

40 

40 

41 

41 

42 

42 

42 

43 

43 

44 

44 

45 

46 

46 

47 

47 

48 

48 

48 

49 

49 

49 

49 

50 

52 

52 

52 

52 

53 

53 

53 

54 



Figure 3.37 Prepare specimen 

Figure 3.38 Machine setup 

Figure 3.39 Set type testing 

Figure 3.40 Set parameter 

Figure 3.41 Specimen type 

Figure 3.42 Place the specimen at machine 

Figure 3.43 Make sure the centre of specimen line 

Figure 3 .44 Start testing 

Figure 3.45 Specimen after destructive test 

Figure 3.46 Initial state 

Figure 3.47 Before Process 

Figure 3.48: After process figure door panel for vehicle 

Figure 4.1 Mould for tensile and flexural test. 

Figure.4.2 Samples of epoxy are prepared in the cap of water bottle 

Figure 4.3 The condition of the samples without using epoxy 

Figure 4.4 Specimen Successfully Made 

Figure 4.5 Specimen after take out from the mold 

Figure 4.6 Max Load (N) 

Figure 4.7 Ultimate Tensile Strength (MPa) 

Figure 4.8 Modulus Young's (MPa) 

Figure.4.9 Maximum Load [N] and Flexural strain (mm/mm) 

Figure 4.10 Comparison Previous Study 

Figure 4.11 Top view 

Figure 4.12 Side view 

Figure 4.13 Isometric view 

Figure 4.14 Stress Analyse 

Figure 4.15 Displacement Analyse 

Figure 4.16 Strain Analysis 

Figure 4.17 Actual product epoxy+clay reinforce by kenaf fiber 

XVI 

© Universiti Teknik&. 1alays1a Melaka 

55 

55 

56 

56 

56 

56 

57 

57 

57 

58 

58 

58 

59 

60 

61 

62 

62 

64 

65 

66 

68 

69 

70 

71 

71 

72 

72 

72 

73 



LIST OF APPENDICES 

APPENDIX TITLE PAGE 

A Project Planning 83 

B Tensile test data 84 

c Flexural test data 93 

XVll 

© UniverBiti Teknikal t.ialays1a Melaka 



LIST OF SYMBOLS 

ASTM America Society for Testing and Material 

c Celsius 

C02 Carbon dioxide 

deg Degree 

G Giga 

kg Kilogram 

KRFC Kenaf fiber-reinforced composite 

L Length 

mm Millimetre 

N Newton 

XVlll 

© Universiti Tekni1Gs1 rv1alays1a Melaka 



CHAPTERl 

INTRODUCTION 

1.1 Introduction 

Clay is the general material that being used in the construction industry. The 

clay brick used widely in all building construction. Clay is produce from a dough, 

which consists of clayey soil and water. It was made from a dough condition and place 

inside the mold to form the shape of the brick. The brick are fired in the oven for the 

drying process (Gilr et. al., 2012). Clay mostly found at the place with high contain 

minerals such as river banks, stream beds, road cuts, naturally exposed earth such as 

in canyon or gullies and mine. 

There are several type of the clay being used in the industry such as 

earthenware, stoneware, ball, fire and porcelain clays. The most popular type being 

used was the earthenware where used in pottery. Clay can be appears in various colour 

which is white to dull and brown to deep orange-red depending on the composition of 

the soil. 

The clay has being used widely in historical and modern uses like building 

material know as loam, the oldest building material on earth compare to stone and 

wood. Now days, clay has being used to in building element such as clay floor, clay 

paint, and the most popular is ceramic. The ceramic are widely used in the electric 

field as thermal resistance and insulator. 
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To increase the characteristic of the traditional clay for industrial requires, 

some additive must be added to change the properties of the clay. For example, the 

organic coatings that increase corrosion protection, can be mix in epoxy, as a pigment 

in a clay composite, to protect steel against corrosion. (Abesach M.mothaly vol 2018). 

Natural fiber became one of most popular applied fiber in composite 

technology. The natural fiber actually produced by animal, plant or mineral source 

such as oil palm, hemp, cotton, flax, seed kenaf and more. This source has been used 

in widely in the industry such as automotive, construction, sport and leisure. The 

industry globally was increase the the requirement of the natural based fiber in the last 

few decade (Yaujiang Wang, 2010). For example, the artificial silk has been used in 

textile industry in early 1930 due to strong fibrous material. There are many beneficial 

by using natural fiber such as it renewable, low density, can dispose easily due to 

biodegradability and also it flexible. 

The natural fiber became popular among researcher in Malaysia because it can 

get the source easily and there has no limitation to use it. There are some research has 

being made to develop new material from natural fiber for replaced the synthetic 

material usage. The synthetic material seen as a toxic material that can harm nature 

and hazard to the human being. Due to increase by using the natural resource, it help 

to reduce the toxic gas produced to the air that cause air pollution and acid rain. 

2 
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1.2 Problem Statement 

Based on the increase synthetic fiber used in industrial, it actually has increased 

of temperature of the world. This will make pollution became worst. Synthetic has 

many known negative impacts on the environment and the health of workers, being a 

chemical heavy production, often in developing countries (Rastogi et. al., 2008). 

Synthetic fiber are made from the chemical source which through many process such 

as heat extrusion, chemical reaction and also using high temperature to melt all the 

composite. This will cause sea level increase due to hot air produced by all the process 

involve. 

Moreover, by using the synthetic fiber, the acid level inside the air gas increase. 

This will cause the greenhouse effect to the human (Worst Polluted, 2013). For 

example, the place with high capacity of industrial building will experience acid rain. 

Several impact due to acid rain such as the painting at the house will damage, the 

corrosion at the steel which is exposed at the short time. Furthermore, the synthetic 

fiber also cause the improper gas release to the air. This happen due to open burning 

furnace to process the synthetic material. This method has being done because the 

synthetic fiber cannot dispose easily. It takes more than 10 years and more too disposed 

(Human Rights Watch (HRW), 2012). So, with the larger requirement of synthetic 

needed, the waste material will be abandon at the disposal place for a long time. It also 

increase the rate of unhealthy environment for the human. 

Besides that, the increases of automotive industry will give big impact to the 

environment. This due to demand on the resources to produce the vehicle. For now, 

the main material being used on the interior of the vehicle was synthetic. A lot of ton 

plastic being used for a year. This will increase the pollution problem and it not a good 

for automotive industry. 

With high exposed to the natural fiber, it will help to decrease all the problem 

of synthetic fiber. Natural fiber are easily dispose and it safe for human because it 

made up from the vegetable, wood and also the waste food. The behaviour of natural 

fiber will be analyse and compared to synthetic fiber in order to draw the conclusion 

either natural fiber are technically qualified to replace the synthetic fiber. 

3 
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1.3 Objective 

From the background and problem statement that has been stated, the objective of 

this project are 

• To develop new composite by using natural source 

• To analyse the mechanical properties of new composite 

1.4 Scope 

In order to achieve the objective, several scopes have been determined 

• Developing the new composite by using reinforcement from natural 

source which clay+epoxy as a binder and Kenaf fiber as a reinforcement. 

• Analysing the new composite by using ASTM 03039 and ASTM 0790 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Problem of Synthetic Fiber 

Due to increase in world population and living standard, the fiber consumption 

are increasing in the past few decades. Fiber are used in several categories which is 

home furnishing, industrial and also textile construction itself. The utilization of fiber 

has given the trend of increasing the waste material produce by fiber. Based on 

(Youjiang wang, 2010), in USA, the total waste of textile industry about 11.9 million 

tons produced in 2007 and 15.9% from that value are the textile waste. 

This large amount of waste are actually gives big impact to the world. This 

happen because the main material of synthetic fiber are made from petroleum which 

is not renewable. It also need several of stage of making the synthetic fiber which cost 

a lot energy. Example of the synthetic fiber are polyester, nylon, rayon and acrylic. 

This actually increase the awareness on back to the basic which is by using the natural 

fiber as a main part because natural fiber are biodegradable. 

Natural fiber such as cotton, wool, silk and also polylactic acid are made from 

renewable source such as starch or sugarcane. The biodegradable based fiber can be 

discompose to organic matter after sorted time which can be as a nutrient to the soils. 

This will help to decrease the pollutions produced in the fiber industry. 
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2.2 Fiber Classification 

Fiber are known as the material which is have very small diameter in relation 

to their length. Fiber are main part of textile industry. There are some different type of 

fiber which to identify on their usage and function. Fiber with short length are called 

staple fiber and the long length are called filament. Based on (B. Vijaya Ramnath et. 

al., 2018), fiber are consist of composite material that made from two or more bonding 

to produce the chain. It include methods like weaving, knitting, braiding, felting, 

twisting, or webbing, and which is the basic structural element of textile products. The 

classification of fiber has been shown in figure 2.1. 
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Figure 2.1 Classification of fiber (Sanjay et. al., 2015) 

2.3 Natural Fiber Classifications 

2.3.1 Introduction 

Natural fiber was the alternative ways in order to replace the usage of synthetic 

material that can give harmful to the human and the environment which is pollution 

problem In addition, there are many advantages from utilization of the natural fiber 

such as low cost, low power of energy needed and last it have a better mechanical 
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