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Natural fibre based polymer composites have been widely studied to substitute 
synthetic materials due to their multiple advantages such as availability, 
sustainability and biodegradable properties and low cost.  The idea of this research 
is hybridising coir fibres (CF) and pineapple leaf fibres (PALF) into poly lactic 
acid (PLA) to make biodegradable composites for food packaging applications. 
The effects of alkali (6%), calcium hydroxide (6%) and silane (2%) treatment on 
the mechanical, morphological, and structural properties of CF and PALF were 
studied with the aim to improve their compatibility with PLA matrix. The findings 
show the overall properties with 6% alkali treatment were compatible with PLA 
matrix. Mechanical, structural, physical and thermal properties of untreated 
CF/PALF/PLA hybrid biocomposites were investigated on 30% fibre loading with 
different ratios of both fibres. It was observed that PALF have better effect on 
tensile and flexural properties while CF seems to enhance impact strength of the 
biocomposites and C1P1 biocomposites showed highest mechanical strength. 
Physical properties such as density, water absorption (WA), and thickness 
swelling (TS) of biocomposites were analyzed and obtained results indicated that 
C3P7 had the least density while C1P1 showed least TS. In thermal and dynamic 
analysis, C1P1 displayed highest degradation temperature and storage modulus 
while C7P3 revealed least coefficient of thermal expansion (CTE). Overall, the 
hybridisation effect in CIP1 hybrid biocomposites was the best in untreated 
biocomposites. Alkali treatment showed significant effects on physical, 
mechanical and thermal properties of biocomposites. Treated C3P7 hybrid 
biocomposites showed best tensile properties while treated C1P1 showed highest 
flexural and impact strength. In case of physical tests, all treated hybrid 
biocomposites showed lower WA and TS than untreated biocomposites. In TGA, 
treated biocomposites showed improve degradation temperature and increase 
weight loss excluding C3P7A. Treated C1P1 revealed the highest storage modulus 
in DMA. It was reported that the CTE of all the treated hybrid biocomposites 
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displays lower values against untreated hybrid biocomposites and treated C1P1 
shows least CTE. The biodegradability level of biocomposites were characterised 
by simple burial test (ASTM D570-98) through weight loss (%) of the samples 
afte
in case of accelerated weathering test in accordance with ASTM G 154-16. Except 
for neat PLA, which shows almost no weight loss, all the biocomposites shows 
weight loss and were gradually degraded with time. The percentage weight loss in 
all the biocomposites was linear with number of days of soil burial.  Untreated 
biocomposites shows higher/faster degradation compared to alkali treated 
biocomposites attributed may be due to poor fibre matrix adhesion, leading to 
fastening of degradation. Accelerated weathering tests reconfirm the degradation 
patterns which were also recorded by image analyser. The weathered samples 
shows increase surface roughness and change in colours due to the reaction with 
moisture, UV and humidity in the accelerated weathering chamber. Treated C1P1 
hybrid biocomposites showed outstanding overall properties among all hybrid 
biocomposites and it is suitable for required light density, fair mechanical strength 
with good biodegradability and is suitable for potential food tray application. 
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Gentian asli berpangkalan komposit polimer telah dikaji dengan meluas untuk 
menggantikan bahan sintetik disebabkan kelebihan berbilang mereka seperti 
ketersediaan, ketahanan dan ciri-ciri terbiodegradasikan dan kos rendah. Idea 
penyelidikan ini ialah serat-serat (CF) sabut menghibridkan dan serabut daun 
(PALF) nanas ke dalam asid laktik (PLA) agar biokomposit yang mudah urai bagi 
aplikasi pembungkusan makanan. Kesan alkali (6%), rawatan kalsium hidroksida 
(6%) dan silana (2%) di yang mekanikal, mofologikal, dan sifat struktur CF and 
PALF telah dipelajari dengan menyasarkan untuk meningkatkan keserasian 
mereka dengan matriks PLA. Penemuan menunjukkan hartanah keseluruhan 
dengan 6% perlakuan alkali serasi dengan matriks PLA. Sifat terma, mekanikal, 
struktur dan fizikal CF tidak dirawat/PALF /hibrid PLA biocomposites telah 
disiasat di 30% pemuatan gentian dengan nisbah-nisbah berbeza kedua-dua 
gentian. Ia diperhatikan bahawa PALF mempunyai kesan lebih baik di ciri-ciri 
tegang dan lenturan manakala CF seolah-olah meningkatkan kekuatan hentaman 
biocomposites and C1P1 biocomposites menunjukkan kekuatan mekanik tertinggi. 
Sifat fizikal seperti ketumpatan, penyerapan air (WA), dan ketebalan bengkak 
(TS) biocomposites telah dianalisis dan diperolehi keputusan menunjukkan 
bahawa C3P7 mempunyai ketumpatan paling kurang manakala C1P1 
menunjukkan paling kurang TS.  Dalam analisis dinamik dan terma, C1P1 
mempamerkan suhu degradasi yang tertinggi dan modulus simpanan manakala 
C7P3 mendedahkan pekali pengembangan terma (CTE) paling kurang. 
Keseluruhan, kesan penghibridan dalam hibrid CIP1 biocomposites ialah yang 
terbaik dalam biocomposites tidak dirawat. Perlakuan alkali menunjukkan harta 
bernilai di sifat terma, fizikal dan mekanikal biocomposites. Merawat hibrid C3P7 
biocomposites menunjukkan ciri-ciri tegang terbaik ketika merawat C1P1 
menunjukkan tertinggi lenturan dan kekuatan hentaman. Jika ujian fizikal, semua 
merawat hibrid biocomposites menunjukkan lebih rendah WA and TS daripada 
biocomposites tidak dirawat. Dalam TGA, merawat biocomposites menunjukkan 
meningkatkan suhu degradasi dan kehilangan berat peningkatan tidak termasuk 
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C3P7A. Merawat C1P1 mendedahkan modulus simpanan yang tertinggi dalam 
DMA. Ia dilaporkan CTE semua hibrid dirawat biocomposites mempamerkan 
nilai rendah terhadap hibrid tidak dirawat biocomposites dan merawat C1P1 
menunjukkan paling kurang CTE. Tahap keterbiodegredan biocomposites 
dicirikan oleh ujian (ASTM D570-98) pengebumian yang mudah melalui 
kehilangan berat (%) sampel selepas pengebumian tanah dan perubahan 30, 60, 
90, 120 dan 150 hari dalam fizikal dan visual jika dipercepatkan mengharungi 
ujian sejajar dengan ASTM G 154-16. Kecuali PLA teratur, yang menunjukkan 
hampir tiada kehilangan berat, semua biocomposites menunjukkan kehilangan 
berat dan beransur-ansur direndahkan dengan masa. Kehilangan peratusan berat 
dalam semua biocomposites linear dengan bilangan hari pengebumian tanah. 
Persembahan biocomposites tidak dirawat lebih tinggi / degradasi lebih cepat 
berbanding dengan alkali merawat biocomposites sifat mungkin adalah 
disebabkan lekatan matriks gentian miskin, membawa kepada mengancing 
degradasi. Memecut mengharungi ujian mengesahkan semula corak-corak 
degradasi yang mana juga direkodkan oleh penganalisis imej. Contoh-contoh 
ditempuhi persembahan meningkatkan kekasan permukaan dan perubahan 
kromatik disebabkan tindak balas dengan lembapan, UV dan kelembapan dalam 
kamar luluhawa yang dipercepatkan. Merawat hibrid C1P1 biocomposites 
menunjukkan hartanah keseluruhan cemerlang antara semua hibrid biocomposites 
dan ia ada sesuai untuk ketumpatan cahaya yang dikehendaki, kekuatan mekanik 
adil dengan keterbiodegredan baik dan ada sesuai untuk permohonan dulang 
potensi makanan. 
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CHAPTER 1  
 
 

INTRODUCTION 

 
 
1.1 Background 
 
The growing environmental burden and awareness are forcing the industries to 
seek more eco-friendly materials for their products. In search of new materials 
with extraordinary performances at low cost is expanding the area of expectations 
in recent years. The search has mostly concern on the environmental issues such 

f materials that 
change the materials from non-renewable and non-degradable to renewable and 
easily degradable materials (Satyanarayana et al., 2005; Markarian, 2008). There 
is a global trend in incorporation of natural fibres in polymers matrix for multiple 
applications. This is mainly due to the low cost, non-pollutant, biodegradability 
and renewability properties of natural fibres as well as the rising need for lowering 
the environmental pressure and to ensure sustainability (Fiorelli et al., 2012; 
Summerscales et al., 2010). This has also led to a considerable change in the 
research direction of fibre reinforced polymer composites (Yu et al., 2010; Song et 
al., 2012).Natural fibre based biocomposites has been developed not only for a 
motivating factor for material scientists, but also an opportunity to improve the 
life of people around the world by developing renewable and sustainable yet 
dependable products.  
 
 
Environmental pollutions and shortage of energy resources worldwide are the 
challenges for researchers to be finding substitute sources of renewable and 
sustainable biomass energy resources. Lignocellulosic materials are most suitable 
and abundant bio resources in the world which annual productions reach up to 
170 200 billion tons (Saba et al., 2015a). Due to its light weight and eco friendly 
nature, natural fibre based biocomposites are centre of attraction for industries 
over traditional composites (Drzal et al., 2001).Agro-waste fibres such as coconut 
coir fibres (CF) and pineapple leaf fibres (PALF)draws great attention due to their 
low density and thermal conductivity to yield cost-effective and lightweight 
composite products (Asasutjarit et al., 2009).CF are one of the most used natural 
fibres as reinforcement in polymer composites due to their high structural and 
wear properties combined with availability (Arrakhiz et al., 2012b).CF have lower 
cellulose (36 43%) and hemicelluloses (15.7 %) contents, higher lignin content 
(35.25 %) and microfibrillar angle (30 45 ) than other natural fibres which results 
in their relatively low mechanical strength (Nam et al., 2012)  as well as highest 
elongation at break among popular NFs (Nam et al., 2011). Whereas, PALF is a 
smooth glossy fibre with high cellulosic content (70-82 %), hemicelluloses (18.8 
%) and lignin (5-12.7 %) with high tensile strength and it has a softer surface than 
other NFs (Asim et al., 2015a).  
 
 
Selection of polymer depends on the requirements for specific applications and 
performances. Biopolymers like PLA, polycaprolactone (PCL), polyhydroxy 
butyrate (PHB), soy-oil based epoxy, starch, and polyester amide have been 
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studied by researchers as a potential matrix for compostable and eco friendly 
composites (Mathew et al., 2005).To facilitate biodegradability in composites, 
polylactic acid (PLA) is often used as a matrix. PLA is one of the most extensively 
studied biopolymers mainly due to its high mechanical and thermal properties  
which are comparable to those of polystyrene, and to its easy production from 
lactic acid monomer, which is derived from corn starch (Gu, 2009;Huda et al., 
2008; Suryanegara et al., 2009). PLA exhibits higher storage modulus and flexural 
properties, compared to polypropylene (PP), and is naturally decomposable to 
minimize environmental loads (Han et al., 2012; Gupta et al., 2007). PLA is now 
one of the most promising polymers for multiple applications, as an alternative to 
conventional synthetic polymers(Pang et al., 2010; Rasal et al., 2010).  However, 
it has some limitations such as brittleness, low impact strength, and low thermal 
resistance (Pang et al., 2010; Shukor et al., 2014b). For this reason, the 
development of bio-based natural fibre composites has been a subject of enormous 
interest in materials science and technology research for both ecological and 
environmental reasons (Bajpai et al., 2012a). 
 
 
1.2 Problem statement 
 
The interest in natural-fibers reinforced polymer composites(NFPC) is growing 
rapidly owing to their great performance, low cost and low relative density, 
significant processing advantages as well as bio-degradability (Faruk et al., 2012). 
Hybrid biocomposites have the potential advantage of light material, cheap raw 
material from natural origin, and thermal recycling or the ecological advantages of 
using resources which are renewable and sustainable (Islam et al., 2017). The 
behaviour of hybrid composites is weighed sum of the individual components in 
which there is more favourable balance between the inherent advantages and 
disadvantages in different reinforcements or matrices. NFPC  offer benefits as 
compared to glass fibres or other synthetic fibres based composites (Jumaidin et 
al., 2017). However, NFPC also have its own disadvantages such as low 
mechanical properties, low impact strength, poor water and microbial resistance, 
poor oxygen and gas barrier properties, and low durability. In order to overcome 
these limitations, several major technical considerations must be addressed before 
its utilization for application in food packaging materials i.e., biodegradable food 
tray. The solutions include incorporation of fibres as reinforcements in polymer 
composites or hybridization. The challenges comprises of the cost, ease of 
production operation, availability of raw materials, homogenization of the 
properties, adhesion between the fibre and matrix (surface treatments), good 
mechanical strength  water proofing, thermal stability and flame retardant 
properties (Aji et al., 2012; Sivakumar et al., 2017). 
 
 
CF is a versatile lignocellulosic fibre extracted from coconut husk with 
hemicelluloses and lignin as fibre bonding materials. These compositions affect 
the different properties of CF. CF have lower cellulose and hemicelluloses 
contents and higher lignin content than other natural fibres, which results in their 
relatively low tensile strength and modulus as well as highest elongation at break 
among typical natural fibres.CF are more efficient in reinforcement performance 
than other natural fibres reinforcement composites (Ticoalu et al., 2010). It is 
known for its toughness and wear properties which favour it for the application in 
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many industrial end products. These properties of using CF as reinforcements in 
biocomposites are not only based on excellent characteristics, but also its 
availability in the tropical countries especially South East Asia region. On the 
other hands PALF is a silky smooth and longer natural fibre rich in cellulose with 
high specific strength and stiffness but also face its own problems. At present, 
pineapple plants are only useful for its fruits and fruit products in Malaysia while 
it has been extensively used for textiles in Indonesia and Philippines. The 
exponentially expansion of pineapple plantation in Malaysia has generated 
enormous amounts of agricultural wastes. The waste materials occupy the re-
plantation land and burning of wastage materials is tremendous environmental 
concern. The primary advantages of using PALF in hybrid biocomposites are its 
good mechanical strength, economical, easily available, low densities, non-
abrasiveness and biodegradability. Like all other natural fibres, CF and PALF face 
some limitations such as the innate hydrophilic behaviour which can be controlled 
with surface treatments. Interfacial bonding is the key issue in terms of overall 
performance. Surface-treatment of fibres changes the composition and ultimately 
changes not only its properties but also the properties of composites. For this 
purpose, three different chemicals such as NaOH (6%), Silane (2%) and Ca(OH)2 
(6%) were used for surface modification of CF and PALF. These treatments were 
incorporated to improve the interfacial bonding between fibres and matrix by 

 
 
 
PLA is a commercially and environmentally interesting biopolymer as it has many 
unique characteristics, including good transparency, glossy appearance, high 
rigidity, and good processability.PLA is and was frequently used for packaging 
materials. However, there are serious limitations, notably inherent brittleness and 
poor toughness (less than 10% elongation at break), slow degradation rate 
(hydrolysis of backbone ester groups), which impede its extensive application 
(Qin et al., 2011; Zhao et al., 2011). Nevertheless, numerous tests have shown that 
PLA is also suitable as matrix for the embedding of fibres in composites. Some 
products of natural fibre-reinforced PLA are already established at the market 
(Graupner et al., 2009). PLA offers a possible alternative to the traditional non-
biodegradable polymers especially when their recycling is difficult or not 
economical. Even though there are many limitations due to its material properties, 
a number of these challenges are expected to overcome through blending PLA 
with other polymers, reinforcing of PLA matrix with natural or synthetic fibres, 
the addition of micro and nanofillers associated with selected additives etc. 
 
 
A proper blend of CF: PALF in PLA matrix can possibly develop a hybrid 
biocomposites which can match the thermo-mechanical properties similar to 
synthetic polymer and fibre based composites which are being used in 
manufacturing of food packaging materials. The key requirements of composites 
for food packaging material are non-toxic or harmful, standard rigidity/stiffness 
with acceptable barrier properties. These can be achieved by an innovative 
formulation of significant amount of weight and a right surface treatment of 
reinforcing natural fibres without compromising its degradation. The alkali 
(NaOH) treatment of CF and PALF could significantly improve the interfacial 
bonding between fibre and the matrix and ultimately improve the overall 
properties of hybrid biocomposites. 
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Research on hybrid natural fibres reinforced PLA composites is still very limited 
and no report of hybrid CF/PALF/PLA hybrid composites has been found. This 
research work tries to develop an inventive formulation of CF/PALF/PLA hybrid 
biocomposites for a potential application in biodegradable food tray through 
various characterizations necessary for developing biodegradable food tray. 
Finally, it is expected that the utilisation and usage of CF/PALF/PLA hybrid 
composites would lead to the fabrication of biocomposites for biodegradable food 
tray applications. 
 
 
1.3 Research objectives 
 
The aim of this study is to develop an innovative formulation of untreated and 
alkali treated CF and PALF reinforced PLA hybrid biocomposites for a potential 
application in biodegradable food tray. With this aim, the physical, mechanical 
thermal and biodegradability properties of untreated and alkali treated CF and 
PALF reinforced PLA biocomposites were studied to find best suitable hybrid 
biocomposites potential for biodegradable food tray application. 
The research, based on CF, PALF and PLA hybrid biocomposites was carried out 
by using four research objectives. The objectives are: - 
 

1. To analyse the effect of surface treatment on mechanical, physical, 
structural and morphological properties of CF and PALF. 

2. To develop and characterize the physical, mechanical, morphological and 
thermal properties of CF/PALF/PLA hybrid biocomposites. 

3. To determine the effect of alkali treatment of CF and PALF on the 
physical, mechanical, morphological and thermal properties of 
CF/PALF/PLA hybrid biocomposites 

4. To evaluate the effect of weathering on physical and structural properties 
of untreated and Alkali treated CF/PALF/PLA hybrid biocomposites. 

 
 
1.4 Significance of the Study 
 
The findings of this study are expected to improve the knowledge in developing 
CF/PALF/PLA hybrid biocomposites. 
 

1. The development of biodegradable materials with improved properties in 
the current study is expected to aids in addressing environmental issues 
regarding substitution of plastic based products. 

2. This study highlights that the usability of materials like natural fibres/ 
agricultural wastes could be improved by fibre surface treatments. 

3. In case of hybrid biocomposites, this study explores the potential of 
CF/PALF/PLA for different applications. 

4. In addition, this study also employs fibre treatments for the development 
of hybrid biocomposites. Thus, added a significance study for the 
treatment of natural fibres and its effect on the improvement of interfacial 
adhesion with the matrix. 

5. Last but not the least, this study encompasses the degradability of 
CF/PALF/PLA hybrid biocomposites which is one of the prime solutions 
for plastic pollution. 
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1.5 Scope of study 
 
The aim of present work is to fabricate and characterize hybrid biocomposites 
using coir fibres (CF) and pineapple leaf fibres (PALF) in polylactic acid (PLA) 
matrix for potential food tray applications. In this research, fibre surface 
modification of CF and PALF was performed in various treatments such as 
alkaline (6%), calcium hydroxide (6%) and silane (2%) for three hours under 
room temperature. These treatments were incorporated to improve the interfacial 

 Surface-
treatment of fibres changes the composition and ultimately changes not only its 
properties but also the properties of composites. 
 
 
 Various characterisations were performed on treated fibres and the most effective 
fibre treatment was further investigated for the development of CF/PALF/PLA 
hybrid biocomposites. The biocomposites were fabricated through melt mixing 
compounding followed by hot press moulding. The physical, mechanical, thermal 
and biodegradability properties of developed untreated and treated biocomposites 
were analysed. Several researchers have already worked on other natural fibres 
such as kenaf, sisal, banana, oil palm, jute, hemp, bamboo, roselle, flax, silk etc. 
The literature survey on hybrid composites based on polylactic acid biopolymer 
indicated that until now, no work has been reported on PLA based hybrid 
biocomposites of CF and PALF. PALF is underutilized material which is rich in 
cellulose content and can be commercialized after projecting it as a reinforcing 
material in polymer composites as other application processes are costly and not 
easily available locally.CF is already well known in Malaysia as well as South-
East Asia. The compatibility of both fibres to each other and their combination of 
strength will encourage to industrialize these fibres. This new introduction of 
hybrid biocomposites materials frequently exhibits remarkable improvements of 
mechanical, physical, and material properties compared to CF and PALF based 
composites individually. In addition, natural fibres are susceptible to 
microorganisms and their biodegradability is one of the most promising aspects of 
their incorporation in polymeric materials. 
 
 
With the combination of a good strength, thermal and biodegradability of 
developed hybrid biocomposites will extend the area of opportunity for industries 
to fabricate different products. The packaging sectors especially food packaging 
have been identified as future industries for natural fibres and biopolymers based 
hybrid biocomposites. Some long-term and disposable packaging materials are 
already produced by natural fibre based biocomposites, based on polylactic acid, 
polyhydroxybutyrate (PBH), polyglyconic acid and polyethylene 
etc.Advancement in food packaging materials is expected to increase with the 
advent of cheap, renewable and sustainable materials with enhanced barrier and 
mechanical properties such as natural fibres reinforced polymer composites.  
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1.6 Organization of Thesis 
 
This thesis has been structured into five respective chapters: 
 
Chapter 1 
This chapter highlighted the background of this research such as origin of the 
natural fibre composites, requirements and difficulties during process, research 
objectives, significance and scope of the study. 
 
Chapter 2 
This chapter provides the research and literature area of natural fibres, polymers, 
biocomposites and hybrid biocomposites.  
 
Chapter 3 
Third chapter covers the information about materials which were being used in 
this research and their characterization and methodology.   
 
Chapter 4 
This chapter provides the explanation about results of each characterization and 
discussion based on the scientific point of view 
.  
Chapter 5 
This chapter presents the overall conclusions from the whole study and future 
aspects.   



© C
OPYRIG

HT U
PM

126 
 

REFERENCES 
 
 
Abilash N and Sivapragash M. (2013) Environmental benefits of eco-friendly 

natural fiber reinforced polymeric composite materials. International 
Journal of Application or Innovation in Engineering & Management 2: 
53-59. 

Abraham E, Deepa B, Pothan L, et al. (2011) Extraction of nanocellulose fibrils 
from lignocellulosic fibres: a novel approach. Carbohydrate Polymers 
86: 1468-1475. 

Ahmed KS and Vijayarangan S. (2007) Experimental characterization of woven 
jute fabric reinforced isothalic polyester composites. Journal of applied 
polymer science 104: 2650-2662. 

Aji I, Zainudin E, Abdan K, et al. (2012) Mechanical properties and water 
absorption behavior of hybridized kenaf/pineapple leaf fibre-reinforced 
high-density polyethylene composite. Journal of Composite Materials: 
1 12. 

Aji I, Zainudin E, Abdan K, et al. (2013) Mechanical properties and water 
absorption behavior of hybridized kenaf/pineapple leaf fibre-reinforced 
high-density polyethylene composite. Journal of Composite Materials 
47: 979-990. 

Akil H, Omar M, Mazuki A, et al. (2011) Kenaf fiber reinforced composites: A 
review. Materials & Design 32: 4107-4121. 

Al-Oqla FM and Sapuan S. (2014) Natural fiber reinforced polymer composites in 
industrial applications: feasibility of date palm fibers for sustainable 
automotive industry. Journal of Cleaner Production 66: 347-354. 

Ali M. (2011) Coconut fibre: A versatile material and its applications in 
engineering. Journal of Civil Engineering and Construction Technology 
2: 189-197. 

Almeida JHS, Amico SC, Botelho EC, et al. (2013) Hybridization effect on the 
mechanical properties of curaua/glass fiber composites. Composites Part 
B: Engineering 55: 492-497. 

Alsaeed T, Yousif B and Ku H. (2013) The potential of using date palm fibres as 
reinforcement for polymeric composites. Materials & Design 43: 177-
184. 

Anandjiwala RD and Blouw S. (2007) Composites from bast fibres - Prospects 
and potential in the changing market environment. Journal of Natural 
Fibers 4: 91-109. 

Anuar H, Zuraida A, Mortin B, et al. (2011) Interfacial shear strength of  Poly 
lactic acid- Kenaf fibre  bocomposites. Key Engineering Materials 471-
472: 781-785. 

Armentano I, Bitinis N, Fortunati E, et al. (2013) Multifunctional nanostructured 
PLA materials for packaging and tissue engineering. Progress in polymer 
science 38: 1720-1747. 

Arrakhiz F, El Achaby M, Kakou A, et al. (2012a) Mechanical properties of high 
density polyethylene reinforced with chemically modified coir fibers: 
impact of chemical treatments. Materials & Design 37: 379-383. 

Arrakhiz F, El Achaby M, Malha M, et al. (2013) Mechanical and thermal 
properties of natural fibers reinforced polymer composites: Doum/low 
density polyethylene. Materials & Design 43: 200-205. 



© C
OPYRIG

HT U
PM

127 
 

Arrakhiz F, Elachaby M, Bouhfid R, et al. (2012b) Mechanical and thermal 
properties of polypropylene reinforced with Alfa fiber under different 
chemical treatment. Materials & Design 35: 318-322. 

Asasutjarit C, Charoenvai S, Hirunlabh J, et al. (2008) Effect of pretreatment on 
properties of coir-based green composite. Advanced Materials Research. 
Trans Tech Publ, 678-681. 

Asasutjarit C, Charoenvai S, Hirunlabh J, et al. (2009) Materials and mechanical 
properties of pretreated coir-based green composites. Composites Part B: 
Engineering 40: 633-637. 

Ashori A and Sheshmani S. (2010) Hybrid composites made from recycled 
materials: moisture absorption and thickness swelling behavior. 
Bioresour Technol 101: 4717-4720. 

Asim M, Abdan K, Jawaid M, et al. (2015) A review on pineapple leaves fibre and 
its composites. International Journal of Polymer Science 2015. 

Asim M, Jawaid M, Abdan K, et al. (2017) Effect of pineapple leaf fibre and 
kenaf fibre treatment on mechanical performance of phenolic hybrid 
composites. Fibers and Polymers 18: 940-947. 

Asim M, Jawaid M, Abdan K, et al. (2017a) The effect of silane treated fibre 
loading on mechanical properties of pineapple leaf/kenaf fibre filler 
phenolic composites. Journal of Polymers and the Environment 26: 
1520-1527. 

Asim M, Jawaid M, Abdan K, et al. (2017b) Effect of Hybridization on the 
Mechanical Properties of Pineapple Leaf Fiber/Kenaf Phenolic Hybrid 
Composites. Journal of Renewable Materials 5: 3-4. 

Asim M, Jawaid M, Abdan K, et al. (2016) Effect of alkali and silane treatments 
on mechanical and fibre-matrix bond strength of kenaf and pineapple leaf 
fibres. Journal of Bionic Engineering 13: 426-435. 

Asim M, Jawaid M, Nasir M, et al. (2017c) Effect of fiber loadings and treatment 
on dynamic mechanical, thermal and flammability properties of 
pineapple leaf fiber and kenaf phenolic composites. Journal of 
Renewable Materials. 

Asim M, Paridah M, Jawaid M, et al. (2018) Physical and flammability properties 
of kenaf and pineapple leaf fibre hybrid composites. IOP Conference 
Series: Materials Science and Engineering. IOP Publishing, 012018. 

Asim M, Paridah M, Saba N, et al. (2018a) Thermal, physical properties and 
flammability of silane treated kenaf/pineapple leaf fibres phenolic hybrid 
composites. Composite Structures. 

ASTM D1895-17, Standard Test Methods for Apparent Density, Bulk Factor, and 
Pourability of Plastic Materials, ASTM International, West 
Conshohocken, PA, 2017. 

ASTM D256-10e1, Standard Test Methods for Determining the Izod Pendulum 
Impact Resistance of Plastics, ASTM International, West Conshohocken, 
PA, 2010. 

ASTM D3379-75(1989)e1, Standard Test Method for Tensile Strength and 
Young's Modulus for High-Modulus Single-Filament Materials, ASTM 
International, West Conshohocken, PA, 1975. 

ASTM D4065-12, Standard Practice for Plastics: Dynamic Mechanical Properties: 
Determination and Report of Procedures , ASTM International, West 
Conshohocken, PA, 2012. 

ASTM D570-98, Standard Test Method for Water Absorption of Plastics, ASTM 
International, West Conshohocken, PA, 1998. 



© C
OPYRIG

HT U
PM

128 
 

ASTM D638-14, Standard Test Method for Tensile Properties of Plastics, ASTM 
International, West Conshohocken, PA, 2014. 

ASTM D696-16, Standard Test Method for Coefficient of Linear Thermal 

Dilatometer, ASTM International, West Conshohocken, PA, 2016. 
ASTM D790-17, Standard Test Methods for Flexural Properties of Unreinforced 

and Reinforced Plastics and Electrical Insulating Materials, ASTM 
International, West Conshohocken, PA, 2017. 

ASTM E1131-08(2014), Standard Test Method for Compositional Analysis by 
Thermogravimetry, ASTM International, West Conshohocken, PA, 2014. 

ASTM G154-16, Standard Practice for Operating Fluorescent Ultraviolet (UV) 
Lamp Apparatus for Exposure of Nonmetallic Materials, ASTM 
International, West Conshohocken, PA, 2016. 

Astrom KJ. (1983) Theory and applications of adaptive control-A survey. 
Automatica 19: 471-486. 

Atiqah A, Jawaid M, Sapuan S, et al. Dynamic mechanical properties of sugar 
palm/glass fiber reinforced thermoplastic polyurethane hybrid 
composites. Polymer composites. 

Atiqah A, Jawaid M, Sapuan S, et al. (2018) Thermal properties of sugar 
palm/glass fiber reinforced thermoplastic polyurethane hybrid 
composites. Composite Structures. 

Auras RA, Lim L-T, Selke SE, et al. (2011) Poly (lactic acid): synthesis, 
structures, properties, processing, and applications: John Wiley & Sons. 

Ayrilmis N, Akbulut T, Dundar T, et al. (2012) Effect of boron and phosphate 
compounds on physical, mechanical, and fire properties of wood
polypropylene composites. Construction and Building Materials 33: 63-
69. 

Ayrilmis N, Jarusombuti S, Fueangvivat V, et al. (2011) Coir fiber reinforced 
polypropylene composite panel for automotive interior applications. 
Fibers and Polymers 12: 919. 

Azwa Z, Yousif B, Manalo A, et al. (2013) A review on the degradability of 
polymeric composites based on natural fibres. Materials & Design 47: 
424-442. 

-based 
polymers and their future trends. Progress in Biomaterials 2: 1-16. 

Bajpai PK, Singh I and Madaan J. (2012a) Comparative studies of mechanical and 
morphological properties of polylactic acid and polypropylene based 
natural fiber composites. Journal of Reinforced Plastics and Composites 
31: 1712-1724. 

Bajpai PK, Singh I and Madaan J. (2012b) Development and characterization of 
PLA-based green composites: A review. Journal of Thermoplastic 
Composite Materials: 0892705712439571. 

Bajpai PK, Singh I and Madaan J. (2012c) Joining of natural fiber reinforced 
composites using microwave energy: experimental and finite element 
study. Materials & Design 35: 596-602. 

Bajpai PK, Singh I and Madaan J. (2013) Tribological behavior of natural fiber 
reinforced PLA composites. Wear 297: 829-840. 

Barnett J and Bonham VA. (2004) Cellulose microfibril angle in the cell wall of 
wood fibres. Biological reviews 79: 461-472. 



© C
OPYRIG

HT U
PM

129 
 

Batista K, Silva D, Coelho L, et al. (2010) Soil biodegradation of PHBV/peach 
palm particles biocomposites. Journal of Polymers and the Environment 
18: 346-354. 

Beg MDH and Pickering KL. (2008) Accelerated weathering of unbleached and 
bleached Kraft wood fibre reinforced polypropylene composites. Polymer 
degradation and stability 93: 1939-1946. 

Beninia K, Voorwald HJC and Cioffi M. (2011) Mechanical properties of 
HIPS/sugarcane bagasse fiber composites after accelerated weathering. 
Procedia Engineering 10: 3246-3251. 

Bismarck A, Mishra S and Lampke T. (2005) Plant fibers as reinforcement for 
green composites. Natural fibers, biopolymers and biocomposites 10: 
9780203508206. 

Bledzki A and Gassan J. (1999) Composites reinforced with cellulose based 
fibres. Progress in Polymer Science 24: 221-274. 

Bocz K, Szolnoki B, Marosi A, et al. (2014) Flax fibre reinforced PLA/TPS 
biocomposites flame retarded with multifunctional additive system. 
Polymer Degradation and Stability 106: 63-73. 

Bongarde U and Shinde V. (2014) Review on natural fiber reinforcement polymer 
composites. International Journal of Engineering Science and Innovative 
Technology 3: 431-436. 

Bonilla J, Fortunati E, Vargas M, et al. (2013) Effects of chitosan on the 
physicochemical and antimicrobial properties of PLA films. Journal of 
Food Engineering 119: 236-243. 

Bozaci E, Sever K, Sarikanat M, et al. (2013) Effects of the atmospheric plasma 
treatments on surface and mechanical properties of flax fiber and 
adhesion between fiber matrix for composite materials. Composites Part 
B: Engineering 45: 565-572. 

Brody AL, Bugusu B, Han JH, et al. (2008) Scientific Status Summary: Innovative 
Food Packaging Solutions. Journal of Food Science 73: R107-R116 

Bujang I, Awang M and Ismail A. (2007) Study on the dynamic characteristic of 
coconut fibre reinforced composites.  Regional Conference on 
Engineering Mathematics, Mechanics, Manufacturing and Architecture, 
Putrajaya. 

Campos AD, Marconcini J, Martins-Franchetti S, et al. (2012) The influence of 
UV-C irradiation on the properties of thermoplastic starch and 
polycaprolactone biocomposite with sisal bleached fibers. Polymer 
degradation and stability 97: 1948-1955. 

Cao Y, Shibata S and Fukumoto I. (2006) Mechanical properties of biodegradable 
composites reinforced with bagasse fibre before and after alkali 
treatments. Composites Part A: Applied Science and Manufacturing 37: 
423-429. 

Chattopadhyay SK, Khandal R, Uppaluri R, et al. (2011) Bamboo fiber reinforced 
polypropylene composites and their mechanical, thermal, and 
morphological properties. Journal of Applied Polymer Science 119: 
1619-1626. 

Chee SS, Jawaid M and Sultan MT. (2017) Thermal Stability and Dynamic 
Mechanical Properties of Kenaf/Bamboo Fibre Reinforced Epoxy 
Composites. BioResources 12: 7118-7132. 

Chen G, Wei M, Chen J, et al. (2008) Simultaneous reinforcing and toughening: 
new nanocomposites of waterborne polyurethane filled with low loading 
level of starch nanocrystals. Polymer 49: 1860-1870. 



© C
OPYRIG

HT U
PM

130 
 

Cheng S, Lau K-t, Liu T, et al. (2009) Mechanical and thermal properties of 
chicken feather fiber/PLA green composites. Composites Part B: 
Engineering 40: 650-654. 

Cherian BM, Leão AL, de Souza SF, et al. (2011) Cellulose nanocomposites with 
nanofibres isolated from pineapple leaf fibers for medical applications. 
Carbohydrate Polymers 86: 1790-1798. 

Cherian BM, Leão AL, de Souza SF, et al. (2010) Isolation of nanocellulose from 
pineapple leaf fibres by steam explosion. Carbohydrate Polymers 81: 
720-725. 

Cheung H-y, Ho M-p, Lau K-t, et al. (2009) Natural fibre-reinforced composites 
for bioengineering and environmental engineering applications. 
Composites Part B: Engineering 40: 655-663. 

Chiellini E and Solaro R. (2012) Biodegradable polymers and plastics: Springer 
Science & Business Media. 

Choi HY and Lee JS. (2012) Effects of surface treatment of ramie fibers in a 
ramie/poly (lactic acid) composite. Fibers and Polymers 13: 217-223. 

Comas-Cardona S, Groenenboom P, Binetruy C, et al. (2005) A generic mixed 
FE-SPH method to address hydro-mechanical coupling in liquid 
composite moulding processes. Composites Part A: Applied Science and 
Manufacturing 36: 1004-1010. 

Cordeiro N, Mendonça C, Pothan L, et al. (2012) Monitoring surface properties 
evolution of thermochemically modified cellulose nanofibres from 
banana pseudo-stem. Carbohydrate Polymers 88: 125-131. 

Dallyn H and Shorten D. (1988) Hygienne aspects of packaging in the food 
industry. International Biodeterioration 24: 387-392. 

Das M and Chakrabarty D. (2008) Thermogravimetric analysis and weathering 
study by water immersion of alkali treated bamboo fibres. BioResources 
3: 1051_1062. 

Davoodi M, Sapuan S, Ahmad D, et al. (2011) Concept selection of car bumper 
beam with developed hybrid bio-composite material. Materials & Design 
32: 4857-4865. 

De Medeiros ES, Agnelli JA, Joseph K, et al. (2005) Mechanical properties of 
phenolic composites reinforced with jute/cotton hybrid fabrics. Polymer 
Composites 26: 1-11. 

De Rosa I, Iannoni A, Kenny J, et al. (2011a) Poly (lactic acid)/Phormium tenax 
composites: Morphology and thermo mechanical behavior. Polymer 
composites 32: 1362-1368. 

De Rosa IM, Kenny JM, Maniruzzaman M, et al. (2011b) Effect of chemical 
treatments on the mechanical and thermal behaviour of okra 
(Abelmoschus esculentus) fibres. Composites Science and Technology 
71: 246-254. 

Deléglise M, Binétruy C and Krawczak P. (2005) Solution to filling time 
prediction issues for constant pressure driven injection in RTM. 
Composites Part A: Applied Science and Manufacturing 36: 339-344. 

Devi LU, Bhagawan S and Thomas S. (1997) Mechanical properties of pineapple 
leaf fiber-reinforced polyester composites. Journal of Applied Polymer 
Science 64: 1739-1748. 

Devi LU, Bhagawan S and Thomas S. (2010) Dynamic mechanical analysis of 
pineapple leaf/glass hybrid fiber reinforced polyester composites. 
Polymer Composites 31: 956-965. 



© C
OPYRIG

HT U
PM

131 
 

Di Bella G, Fiore V, Galtieri G, et al. (2014) Effects of natural fibres 
reinforcement in lime plasters (kenaf and sisal vs. Polypropylene). 
Construction and Building Materials 58: 159-165. 

Dittenber DB and GangaRao HV. (2012) Critical review of recent publications on 
use of natural composites in infrastructure. Composites Part A: Applied 
Science and Manufacturing 43: 1419-1429. 

Dong Y, Ghataura A, Takagi H, et al. (2014) Polylactic acid (PLA) biocomposites 
reinforced with coir fibres: Evaluation of mechanical performance and 
multifunctional properties. Composites Part A: Applied Science and 
Manufacturing 63: 76-84. 

Drzal LT, Mohanty A and Misra M. (2001) Bio-composite materials as 
alternatives to petroleum-based composites for automotive applications. 
Magnesium 40: 1.3-2. 

Duhovic M, Horbach S and Bhattacharyya D. (2009) Improving the interface 
strength in flax fibre poly (lactic) acid composites. Journal of Biobased 
Materials and Bioenergy 3: 188-198. 

Duncan  TV. (2011) Applications of nanotechnology in food packaging and food 
safety: barrier materials, anti-microbials and sensors. Journal of Colloids 
and Interphase Science 363: 1-24. 

El-Hadi AM. (2017) Increase the elongation at break of poly (lactic acid) 
composites for use in food packaging films. Scientific Reports 7. 

El-Sabbagh A. (2014) Effect of coupling agent on natural fibre in natural 
fibre/polypropylene composites on mechanical and thermal behaviour. 
Composites Part B: Engineering 57: 126-135. 

El-Shekeil Y, Sapuan S, Abdan K, et al. (2012) Influence of fiber content on the 
mechanical and thermal properties of Kenaf fiber reinforced 
thermoplastic polyurethane composites. Materials & Design 40: 299-303. 

El Mechtali FZ, Essabir H, Nekhlaoui S, et al. (2015) Mechanical and thermal 
properties of polypropylene reinforced with almond shells particles: 
impact of chemical treatments. Journal of Bionic Engineering 12: 483-
494. 

Environmentalenterprises.com.auSustainable Packaging Solutions Castle Hill, 
NSW 

Ergücü Z, Türkün L and Aladag A. (2008) Color stability of nanocomposites 
polished with one-step systems. Operative Dentistry 33: 413-420. 

Essabir H, Achaby ME, Hilali EM, et al. (2015) Morphological, structural, 
thermal and tensile properties of high density polyethylene composites 
reinforced with treated argan nut shell particles. Journal of Bionic 
Engineering 12: 129-141. 

Essabir H, Bensalah M, Rodrigue D, et al. (2016) Structural, mechanical and 
thermal properties of bio-based hybrid composites from waste coir 
residues: Fibers and shell particles. Mechanics of Materials 93: 134-144. 

Fang Y, Wang Q, Guo C, et al. (2013) Effect of zinc borate and wood flour on 
thermal degradation and fire retardancy of polyvinyl chloride (PVC) 
composites. Journal of Analytical and Applied Pyrolysis 100: 230-236. 

Faruk O, Bledzki AK, Fink H-P, et al. (2012) Biocomposites reinforced with 
natural fibers: 2000 2010. Progress in polymer science 37: 1552-1596. 

Faruk O, Bledzki AK, Fink HP, et al. (2014) Progress report on natural fiber 
reinforced composites. Macromolecular Materials and Engineering 299: 
9-26. 



© C
OPYRIG

HT U
PM

132 
 

Fatima S and Mohanty A. (2011) Acoustical and fire-retardant properties of jute 
composite materials. Applied Acoustics 72: 108-114. 

Fiorelli J, Curtolo DD, Barrero NG, et al. (2012) Particulate composite based on 
coconut fiber and castor oil polyurethane adhesive: An eco-efficient 
product. Industrial Crops and Products 40: 69-75. 

Fortunati E, Armentano I, Iannoni A, et al. (2010) Development and thermal 
behaviour of ternary PLA matrix composites. Polymer Degradation and 
Stability 95: 2200-2206. 

Fuqua MA, Huo S and Ulven CA. (2012) Natural fiber reinforced composites. 
Polymer Reviews 52: 259-320. 

García Martínez JM, Areso S and Collar EP. (2017) Preliminary 
dynamic mechanical analysis of polypropylene/short carbon fibers 
composites modified by a succinic anhydride grafted atactic 
polypropylene. Polymer Engineering & Science 57: 731-738. 

Garrison TF, Murawski A and Quirino RL. (2016) Bio-Based Polymers with 
Potential for Biodegradability. Polymers 8: 262. 

Gay D. (2014) Composite materials: design and applications: Analysis and 
Performance Fiber Composites, CRC press. 

Geethamma V, Kalaprasad G, Groeninckx G, et al. (2005) Dynamic mechanical 
behavior of short coir fiber reinforced natural rubber composites. 
Composites Part A: Applied Science and Manufacturing 36: 1499-1506. 

George J, Bhagawan S and Thomas S. (1997) Improved interactions in chemically 
modified pineapple leaf fiber reinforced polyethylene composites. 
Composite Interfaces 5: 201-223. 

George M, Mussone PG, Abboud Z, et al. (2014) Characterization of chemically 
and enzymatically treated hemp fibres using atomic force microscopy 
and spectroscopy. Applied Surface Science 314: 1019-1025. 

Girisha K, Gupta NV and Rao KS. (2017) A study on flammability and moisture 
absorption behavior of sisal/coir fiber reinforced hybrid composites. IOP 
Conference Series: Materials Science and Engineering. IOP Publishing, 
012003. 

González A and Igarzabal CIA. (2013) Soy protein Poly (lactic acid) bilayer films 
as biodegradable material for active food packaging. Food Hydrocolloids 
33: 289-296. 

Goriparthi BK, Suman K and Rao NM. (2012) Effect of fiber surface treatments 
on mechanical and abrasive wear performance of polylactide/jute 
composites. Composites Part A: Applied Science and Manufacturing 43: 
1800-1808. 

Gorrasi G and Pantani R. (2013) Effect of PLA grades and morphologies on 
hydrolytic degradation at composting temperature: Assessment of 
structural modification and kinetic parameters. Polymer Degradation and 
Stability 98: 1006-1014. 

Goud G and Rao R. (2011) The effect of alkali treatment on dielectric properties 
of Roystonea regia/epoxy composites. International Journal of Polymer 
Analysis and Characterization 16: 239-250. 

Gourichon B, Deléglise M, Binetruy C, et al. (2008) Dynamic void content 
prediction during radial injection in liquid composite molding. 
Composites Part A: Applied Science and Manufacturing 39: 46-55. 

Graupner N, Herrmann AS and Müssig J. (2009) Natural and man-made cellulose 
fibre-reinforced poly (lactic acid)(PLA) composites: An overview about 



© C
OPYRIG

HT U
PM

133 
 

mechanical characteristics and application areas. Composites Part A: 
Applied Science and Manufacturing 40: 810-821. 

Gregorova A, Hrabalova M, Kovalcik R, et al. (2011) Surface modification of 
spruce wood flour and effects on the dynamic fragility of PLA/wood 
composites. Polymer Engineering & Science 51: 143-150. 

Gu H. (2009) Tensile behaviours of the coir fibre and related composites after 
NaOH treatment. Materials & Design 30: 3931-3934. 

Guilleminot J, Comas-Cardona S, Kondo D, et al. (2008) Multiscale modelling of 
the composite reinforced foam core of a 3D sandwich structure. 
Composites Science and Technology 68: 1777-1786. 

Gunti R, Ratna Prasad A and Gupta A. (2018) Mechanical and degradation 
properties of natural fiber reinforced PLA composites: Jute, sisal, and 
elephant grass. Polymer composites 39: 1125-1136. 

Gupta B, Revagade N and Hilborn J. (2007) Poly (lactic acid) fiber: an overview. 
Progress in polymer science 32: 455-482. 

Gurunathan T, Mohanty S and Nayak SK. (2015) A review of the recent 
developments in biocomposites based on natural fibres and their 
application perspectives. Composites Part A: Applied Science and 
Manufacturing 77: 1-25. 

Haafiz MM, Hassan A, Zakaria Z, et al. (2013) Properties of polylactic acid 
composites reinforced with oil palm biomass microcrystalline cellulose. 
Carbohydrate Polymers 98: 139-145. 

Hamad K, Kaseem M and Deri F. (2011) Rheological and mechanical 
characterization of poly (lactic acid)/polypropylene polymer blends. 
Journal of Polymer Research 18: 1799-1806. 

Hameed N, Sreekumar P, Francis B, et al. (2007) Morphology, dynamic 
mechanical and thermal studies on poly (styrene-co-acrylonitrile) 
modified epoxy resin/glass fibre composites. Composites Part A: Applied 
Science and Manufacturing 38: 2422-2432. 

Hamid MRY, Ab Ghani MH and Ahmad S. (2012) Effect of antioxidants and fire 
retardants as mineral fillers on the physical and mechanical properties of 
high loading hybrid biocomposites reinforced with rice husks and 
sawdust. Industrial Crops and Products 40: 96-102. 

Han SO, Karevan M, Sim IN, et al. (2012) Understanding the reinforcing 
mechanisms in kenaf fiber/PLA and kenaf fiber/PP composites: a 
comparative study. International Journal of Polymer Science 2012. 

Hapuarachchi TD and Peijs T. (2010) Multiwalled carbon nanotubes and sepiolite 
nanoclays as flame retardants for polylactide and its natural fibre 
reinforced composites. Composites Part A: Applied Science and 
Manufacturing 41: 954-963. 

Haque MM, Hasan M, Islam MS, et al. (2009) Physico-mechanical properties of 
chemically treated palm and coir fiber reinforced polypropylene 
composites. Bioresource Technology 100: 4903-4906. 

Harmaen AS, Khalina A, Azowa I, et al. (2015) Thermal and biodegradation 
properties of poly (lactic acid)/fertilizer/oil palm fibers blends 
biocomposites. Polymer composites 36: 576-583. 

Herrera-Franco, P.; Valadez-Gonzalez, A. (2005) A study of the mechanical 
properties of short natural-fiber reinforced composites. Composites Part 
B: Engineering  36, 597-608. 



© C
OPYRIG

HT U
PM

134 
 

Hidayat A and Tachibana S. (2012) Characterization of polylactic acid 
(PLA)/kenaf composite degradation by immobilized mycelia of Pleurotus 
ostreatus. International Biodeterioration & Biodegradation 71: 50-54. 

Hirvikorpi T, Vähä-Nissi M, Nikkola J, et al. (2011) Thin Al 2 O 3 barrier 
coatings onto temperature-sensitive packaging materials by atomic layer 
deposition. Surface and Coatings Technology 205: 5088-5092. 

Hodzic A, Stachurski ZH and Kim JK (2001) An analysis of microdroplet test: 
Effects of specimen geometry, matrix type, fibre treatment and water 
ageing. Polymers and Polymer Composites 9: 499- 508 

Ho M-p, Wang H, Lee J-H, et al. (2012) Critical factors on manufacturing 
processes of natural fibre composites. Composites Part B: Engineering 
43: 3549-3562. 

Hossain MK, Dewan MW, Hosur M, et al. (2011) Mechanical performances of 
surface modified jute fiber reinforced biopol nanophased green 
composites. Composites Part B: Engineering 42: 1701-1707. 

Hu R-H, Sun M-y and Lim J-K. (2010) Moisture absorption, tensile strength and 
microstructure evolution of short jute fiber/polylactide composite in 
hygrothermal environment. Materials & Design 31: 3167-3173. 

Huda M, Drzal L, Mohanty A, et al. (2007) The effect of silane treated-and 
untreated-talc on the mechanical and physico-mechanical properties of 
poly (lactic acid)/newspaper fibers/talc hybrid composites. Composites 
Part B: Engineering 38: 367-379. 

Huda MS, Drzal LT, Misra M, et al. (2005) A study on biocomposites from 
recycled newspaper fiber and poly (lactic acid). Industrial & engineering 
chemistry research 44: 5593-5601. 

Huda MS, Drzal LT, Mohanty AK, et al. (2006) Chopped glass and recycled 
newspaper as reinforcement fibers in injection molded poly (lactic 
acid)(PLA) composites: a comparative study. Composites Science and 
Technology 66: 1813-1824. 

Huda MS, Drzal LT, Mohanty AK, et al. (2008) Effect of fiber surface-treatments 
on the properties of laminated biocomposites from poly (lactic 
acid)(PLA) and kenaf fibers. Composites Science and Technology 68: 
424-432. 

Huo S, Thapa A and Ulven C. (2013) Effect of surface treatments on interfacial 
properties of flax fiber-reinforced composites. Advanced Composite 
Materials 22: 109-121. 

abiotic and biotic factors in the biodegradation of poly (l-lactic acid). 
International journal of biological macromolecules 71: 155-162. 

Ibrahim MM, Dufresne A, El-Zawawy WK, et al. (2010a) Banana fibers and 
microfibrils as lignocellulosic reinforcements in polymer composites. 
Carbohydrate polymers 81: 811-819. 

Ibrahim NA, Hadithon KA and Abdan K. (2010b) Effect of fiber treatment on 
mechanical properties of kenaf fiber-ecoflex composites. Journal of 
Reinforced Plastics and Composites 29: 2192-2198. 

Idicula M, Malhotra S, Joseph K, et al. (2005) Dynamic mechanical analysis of 
randomly oriented intimately mixed short banana/sisal hybrid fibre 
reinforced polyester composites. Composites Science and Technology 65: 
1077-1087. 



© C
OPYRIG

HT U
PM

135 
 

Inkinen S, Hakkarainen M, Albertsson A-C, et al. (2011) From lactic acid to poly 
(lactic acid)(PLA): characterization and analysis of PLA and its 
precursors. Biomacromolecules 12: 523-532. 

Ishak M, Sapuan S, Leman Z, et al. (2012) Characterization of sugar palm 
(Arenga pinnata) fibres. Journal of thermal analysis and calorimetry 109: 
981-989. 

Islam M, Pickering K and Foreman N. (2010a) Influence of alkali treatment on the 
interfacial and physico-mechanical properties of industrial hemp fibre 
reinforced polylactic acid composites. Composites Part A: Applied 
Science and Manufacturing 41: 596-603. 

Islam MS, Hasbullah NAB, Hasan M, et al. (2015) Physical, mechanical and 
biodegradable properties of kenaf/coir hybrid fiber reinforced polymer 
nanocomposites. Materials Today Communications 4: 69-76. 

Islam MS, Pickering KL and Foreman NJ. (2010b) Influence of accelerated ageing 
on the physico-mechanical properties of alkali-treated industrial hemp 
fibre reinforced poly (lactic acid)(PLA) composites. Polymer 
Degradation and Stability 95: 59-65. 

Islam MS, Pickering KL and Foreman NJ. (2010c) Influence of hygrothermal 
ageing on the physico-mechanical properties of alkali treated industrial 
hemp fibre reinforced polylactic acid composites. Journal of Polymers 
and the Environment 18: 696-704. 

Islam MS, Ramli IB, Hasan M, et al. (2017) Effect of kenaf and EFB fiber 
hybridization on physical and thermo-mechanical properties of PLA 
biocomposites. Fibers and Polymers 18: 116-121. 

Iwata T. (2015) Biodegradable and Bio Based Polymers: Future Prospects of 
Eco Friendly Plastics. Angewandte Chemie International Edition 54: 
3210-3215. 

Izani MN, Paridah M, Anwar U, et al. (2013) Effects of fiber treatment on 
morphology, tensile and thermogravimetric analysis of oil palm empty 
fruit bunches fibers. Composites Part B: Engineering 45: 1251-1257. 

Jacob M, Francis B, Thomas S, et al. (2006a) Dynamical mechanical analysis of 
sisal/oil palm hybrid fiber reinforced natural rubber composites. Polymer 
Composites 27: 671-680. 

Jacob M, Francis B, Varughese K, et al. (2006b) The effect of silane coupling 
agents on the viscoelastic properties of rubber biocomposites. 
Macromolecular Materials and Engineering 291: 1119-1126. 

Jaffar M. (1998) Preliminary studies of woven thermoplastic Composite. Polymer 
Technology. Nibong Tebal: Universiti Sains Malaysia, 200. 

Jandas P, Mohanty S, Nayak S, et al. (2011) Effect of surface treatments of banana 
fiber on mechanical, thermal, and biodegradability properties of 
PLA/banana fiber biocomposites. Polymer Composites 32: 1689-1700. 

Jang JY, Jeong TK, Oh HJ, et al. (2012) Thermal stability and flammability of 
coconut fiber reinforced poly (lactic acid) composites. Composites Part 
B: Engineering 43: 2434-2438. 

Jawaid M, Abdul Khalil HPS and Alattas OS. (2012a) Woven hybrid 
biocomposites: Dynamic mechanical and thermal properties. Composites 
Part A: Applied Science and Manufacturing 43: 288-293. 

Jawaid M and Khalil HA. (2011) Cellulosic/synthetic fibre reinforced polymer 
hybrid composites: A review. Carbohydrate polymers 86: 1-18. 



© C
OPYRIG

HT U
PM

136 
 

Jawaid M, Khalil HA and Alattas OS. (2012b) Woven hybrid biocomposites: 
dynamic mechanical and thermal properties. Composites Part A: Applied 
Science and Manufacturing 43: 288-293. 

Jawaid M, Khalil HA and Bakar AA. (2011a) Woven hybrid composites: Tensile 
and flexural properties of oil palm-woven jute fibres based epoxy 
composites. Materials Science and Engineering: A 528: 5190-5195. 

Jawaid M, Khalil HA, Hassan A, et al. (2013) Effect of jute fibre loading on 
tensile and dynamic mechanical properties of oil palm epoxy composites. 
Composites Part B: Engineering 45: 619-624. 

Jawaid M, Khalil HA, Khanam PN, et al. (2011b) Hybrid composites made from 
oil palm empty fruit bunches/jute fibres: Water absorption, thickness 
swelling and density behaviours. Journal of Polymers and the 
Environment 19: 106-109. 

Jawaid M, Saba N, Alothman O, et al. (2016) Effect of accelerated environmental 
aging on tensile properties of oil palm/jute hybrid composites. AIP 
Conference Proceedings. AIP Publishing, 040007. 

Jayamani E, Hamdan S, Rahman MR, et al. (2014) Comparative study of 
dielectric properties of hybrid natural fiber composites. Procedia 
Engineering 97: 536-544. 

Jia W, Gong RH and Hogg PJ. (2014) Poly (lactic acid) fibre reinforced 
biodegradable composites. Composites Part B: Engineering 62: 104-112. 

Joffe R, Andersons J and Wallström L. (2003) Strength and adhesion 
characteristics of elementary flax fibres with different surface treatments. 
Composites Part A: Applied Science and Manufacturing 34: 603-612. 

John MJ and Thomas S. (2008) Biofibres and biocomposites. Carbohydrate 
Polymers 71: 343-364. 

Jonoobi M, Harun J, Mathew AP, et al. (2010) Mechanical properties of cellulose 
nanofiber (CNF) reinforced polylactic acid (PLA) prepared by twin 
screw extrusion. Composites Science and Technology 70: 1742-1747. 

Joseph S, Appukuttan SP, Kenny JM, et al. (2010) Dynamic mechanical properties 
of oil palm microfibril reinforced natural rubber composites. Journal of 
Applied Polymer Science 117: 1298-1308. 

Joseph S, Sreekala M, Oommen Z, et al. (2002) A comparison of the mechanical 
properties of phenol formaldehyde composites reinforced with banana 
fibres and glass fibres. Composites Science and Technology 62: 1857-
1868. 

Ju J and Lee H. (2001) A micromechanical damage model for effective 
elastoplastic behavior of partially debonded ductile matrix composites. 
International Journal of Solids and Structures 38: 6307-6332. 

Jumaidin R, Sapuan SM, Jawaid M, et al. (2017) Thermal, mechanical, and 
physical properties of seaweed/sugar palm fibre reinforced thermoplastic 
sugar palm Starch/Agar hybrid composites. Int J Biol Macromol 97: 606-
615. 

Kabir M, Wang H, Lau K, et al. (2012) Chemical treatments on plant-based 
natural fibre reinforced polymer composites: An overview. Composites 
Part B: Engineering 43: 2883-2892. 

Kabir MM. (2012) Effects of chemical treatments on hemp fibre reinforced 
polyester composites. University of Southern Queensland. 

Kaewpirom S and Worrarat C. (2014) Preparation and properties of pineapple leaf 
fiber reinforced poly (lactic acid) green composites. Fibers and Polymers 
15: 1469-1477. 



© C
OPYRIG

HT U
PM

137 
 

Kalia S, Kaith B and Kaur I. (2009) Pretreatments of natural fibers and their 
application as reinforcing material in polymer composites a review. 
Polymer Engineering & Science 49: 1253-1272. 

Kang JT and Kim SH. (2011) Improvement in the mechanical properties of 
polylactide and bamboo fiber biocomposites by fiber surface 
modification. Macromolecular research 19: 789-796. 

Kang SK, Lee DB and Choi NS. (2009) Fiber/ epoxy interfacial shear strength 
measured by the microdroplet test. Composite Science and Technology 
69: 245- 251 

Karthikeyan A and Balamurugan K. (2012) Effect of alkali treatment and fiber 
length on impact behavior of coir fiber reinforced epoxy composites. 

Kaushik VK, Kumar A and Kalia S. (2012) Effect of mercerization and benzoyl 
peroxide treatment on morphology, thermal stability and crystallinity of 
sisal fibers. International Journal of Textile Science 1: 101-105. 

Khalil HA, Bhat A and Yusra AI. (2012a) Green composites from sustainable 
cellulose nanofibrils: a review. Carbohydrate polymers 87: 963-979. 

Khalil HA, Bhat I, Jawaid M, et al. (2012b) Bamboo fibre reinforced 
biocomposites: A review. Materials & Design 42: 353-368. 

Khalil HA, Issam A, Shakri MA, et al. (2007a) Conventional agro-composites 
from chemically modified fibres. Industrial Crops and Products 26: 315-
323. 

Khalil HA, Jawaid M and Bakar AA. (2011) Woven hybrid composites: water 
absorption and thickness swelling behaviours. BioResources 6: 1043-
1052. 

Khalil HSA, Alwani MS and Omar AKM. (2007b) Chemical composition, 
anatomy, lignin distribution, and cell wall structure of Malaysian plant 
waste fibers. BioResources 1: 220-232. 

Khiari R, Mhenni M, Belgacem M, et al. (2010) Chemical composition and 
pulping of date palm rachis and Posidonia oceanica A comparison with 
other wood and non-wood fibre sources. Bioresource Technology 101: 
775-780. 

Khodabakhshi K and Ehsani M. (2016) Development and Applications of 
Sustainable Polylactic Acid Parts. Handbook of Sustainable Polymers: 
Processing and Applications: 397. 

Kim HS, Yang HS and Kim HJ. (2005) Biodegradability and mechanical 
properties of agro flour filled polybutylene succinate biocomposites. 
Journal of applied polymer science 97: 1513-1521. 

Kim JT and Netravali AN. (2010) Mercerization of sisal fibers: Effect of tension 
on mechanical properties of sisal fiber and fiber-reinforced composites. 
Composites Part A: Applied Science and Manufacturing 41: 1245-1252. 

Kopeliovich D. (2010) Classification of Composites. Available at: 
http://www.substech.com/dokuwiki/doku.php. 

Koronis G, Silva A and Fontul M. (2013) Green composites: a review of adequate 
materials for automotive applications. Composites Part B: Engineering 
44: 120-127. 

Kovacevic Z, Bischof S and Fan M. (2015) The influence of Spartium junceum L. 
fibres modified with montmorrilonite nanoclay on the thermal properties 
of PLA biocomposites. Composites Part B: Engineering 78: 122-130. 

Krueger MC, Harms H and Schlosser D. (2015) Prospects for microbiological 
solutions to environmental pollution with plastics. Applied Microbiology 
and Biotechnology 99: 8857-8874. 



© C
OPYRIG

HT U
PM

138 
 

Ku H, Wang H, Pattarachaiyakoop N, et al. (2011) A review on the tensile 
properties of natural fiber reinforced polymer composites. Composites 
Part B: Engineering 42: 856-873. 

Kumar B, Castro M and Feller J-F. (2012) Poly (lactic acid) multi-wall carbon 
nanotube conductive biopolymer nanocomposite vapour sensors. Sensors 
and Actuators B: Chemical 161: 621-628. 

Kumar NM, Reddy GV, Naidu SV, et al. (2009) Mechanical properties of 
coir/glass fiber phenolic resin based composites. Journal of Reinforced 
Plastics and Composites 28: 2605-2613. 

Kumar R, Yakubu M and Anandjiwala R. (2010) Biodegradation of flax fiber 
reinforced poly lactic acid. Express Polymer Letters 4: 423-430. 

Kumar SS, Duraibabu D and Subramanian K. (2014) Studies on mechanical, 
thermal and dynamic mechanical properties of untreated (raw) and 
treated coconut sheath fiber reinforced epoxy composites. Materials & 
Design 59: 63-69. 

La Mantia F and Morreale M. (2011) Green composites: A brief review. 
Composites Part A: Applied Science and Manufacturing 42: 579-588. 

Lasprilla AJ, Martinez GA, Lunelli BH, et al. (2012) Poly-lactic acid synthesis for 
application in biomedical devices A review. Biotechnology advances 
30: 321-328. 

Le Troedec M, Sedan D, Peyratout C, et al. (2008) Influence of various chemical 
treatments on the composition and structure of hemp fibres. Composites 
Part A: Applied Science and Manufacturing 39: 514-522. 

Lee JT, Kim MW, Song YS, et al. (2010) Mechanical properties of denim fabric 
reinforced poly (lactic acid). Fibers and Polymers 11: 60-66. 

Lee K-Y, Delille A and Bismarck A. (2011) Greener surface treatments of natural 
fibres for the production of renewable composite materials. Cellulose 
fibers: bio-and nano-polymer composites. Springer, 155-178. 

Leejarkpai T, Suwanmanee U, Rudeekit Y, et al. (2011) Biodegradable kinetics of 
plastics under controlled composting conditions. Waste management 31: 
1153-1161. 

Liu H and Zhang J. (2011) Research progress in toughening modification of poly 
(lactic acid). Journal of polymer science part B: Polymer Physics 49: 
1051-1083. 

plastic and pineapple leaf fiber: fabrication and properties evaluation. 
Polymer 46: 2710-2721. 

Liu Y, Wang J, Zheng Y, et al. (2012) Adsorption of methylene blue by kapok 
fiber treated by sodium chlorite optimized with response surface 
methodology. Chemical Engineering Journal 184: 248-255. 

Lopattananon N, Panawarangkul K, Sahakaro K, et al. (2006) Performance of 
pineapple leaf fiber natural rubber composites: the effect of fiber surface 
treatments. Journal of applied polymer science 102: 1974-1984. 

Luckachan GE and Pillai C. (2011) Biodegradable polymers-a review on recent 
trends and emerging perspectives. Journal of Polymers and the 
Environment 19: 637-676. 

Madakadze I, Masamvu T, Radiotis T, et al. (2010) Evaluation of pulp and paper 
making characteristics of elephant grass (Pennisetum purpureum Schum) 
and switchgrass (Panicum virgatum L.). African Journal of 
Environmental Science and Technology 4: 465-470. 



© C
OPYRIG

HT U
PM

139 
 

Majeed K, Hassan A, Bakar AA, et al. (2014) Effect of montmorillonite (MMT) 
content on the mechanical, oxygen barrier, and thermal properties of rice 
husk/MMT hybrid filler-filled low-density polyethylene nanocomposite 
blown films. Journal of Thermoplastic Composite Materials: 
0892705714554492. 

Majeed K, Jawaid M, Hassan A, et al. (2013) Potential materials for food 
packaging from nanoclay/natural fibres filled hybrid composites. 
Materials & Design 46: 391-410. 

Mamun AA and Bledzki AK. (2013) Micro fibre reinforced PLA and PP 
composites: Enzyme modification, mechanical and thermal properties. 
Composites Science and Technology 78: 10-17. 

Mangal R, Saxena N, Sreekala M, et al. (2003) Thermal properties of pineapple 
leaf fiber reinforced composites. Materials Science and Engineering: A 
339: 281-285. 

Mansor MR, Sapuan S, Zainudin ES, et al. (2013) Hybrid natural and glass fibers 
reinforced polymer composites material selection using Analytical 
Hierarchy Process for automotive brake lever design. Materials & Design 
51: 484-492. 

Marcovich NE, Reboredo MM and Aranguren M. (1998) Mechanical properties of 
woodflour unsaturated polyester composites. Journal of Applied Polymer 
Science 70: 2121-2131. 

Mariatti M, Jannah M, Bakar AA, et al. (2008) Properties of banana and pandanus 
woven fabric reinforced unsaturated polyester composites. Journal of 
Composite Materials 42: 931-941. 

Markarian J. (2008) Outdoor living space drives growth in wood-plastic 
composites. Plastics, Additives and Compounding 10: 20-25. 

Mathew AP, Oksman K and Sain M. (2005) Mechanical properties of 
biodegradable composites from poly lactic acid (PLA) and 
microcrystalline cellulose (MCC). Journal of applied polymer science 
97: 2014-2025. 

Mazumdar SK. (2002) Manufacturing techniques. In: Mazumdar SK (ed) 
Composites Manufacturing:Materials, Product, and Process 
Engineering. Boca Raton, FL: CRC Press, 2-4. 

Mehta G, Mohanty AK, Drzal LT, et al. (2006) Effect of accelerated weathering 
on biocomposites processed by SMC and compression molding. Journal 
of Polymers and the Environment 14: 359-368. 

Meon MS, Othman MF, Husain H, et al. (2012) Improving tensile properties of 
kenaf fibers treated with sodium hydroxide. Procedia Engineering 41: 
1587-1592. 

Mishra S, Misra M, Tripathy S, et al. (2001) Potentiality of pineapple leaf fibre as 
reinforcement in PALF-polyester composite: Surface modification and 
mechanical performance. Journal of Reinforced Plastics and Composites 
20: 321-334. 

Mishra S, Mohanty A, Drzal L, et al. (2003) Studies on mechanical performance 
of biofibre/glass reinforced polyester hybrid composites. Composites 
Science and Technology 63: 1377-1385. 

Mohamed A, Sapuan S, Shahjahan M, et al. (2010) Effects of simple abrasive 
combing and pretreatments on the properties of pineapple leaf fibers 
(palf) and palf-vinyl ester composite adhesion. Polymer-Plastics 
Technology and Engineering 49: 972-978. 



© C
OPYRIG

HT U
PM

140 
 

Mohammed BR, Leman Z, Jawaid M, et al. (2017) Dynamic Mechanical Analysis 
of Treated and Untreated Sugar Palm Fibre-based Phenolic Composites. 
BioResources 12: 3448-3462. 

Mohammed L, Ansari MN, Pua G, et al. (2015) A review on natural fiber 
reinforced polymer composite and its applications. International Journal 
of Polymer Science 2015. 

Mohd Salit S and Abdan K. (2010) Selected properties of hand-laid and 
compression molded pineapple leaf fiber (PALF)-reinforced vinyl ester 
composites. International Journal of Mechanical and Materials 
Engineering (IJMME) 5: 68-73. 

Monteiro S, Satyanarayana K, Ferreira A, et al. (2010) Selection of high strength 
natural fibers. Matéria (Rio de Janeiro) 15: 488-505. 

fiber/polyester composites. Polymer Testing 27: 591-595. 
Muensri P, Kunanopparat T, Menut P, et al. (2011) Effect of lignin removal on the 

properties of coconut coir fiber/wheat gluten biocomposite. Composites 
Part A: Applied Science and Manufacturing 42: 173-179. 

Mukherjee T and Kao N. (2011) PLA based biopolymer reinforced with natural 
fibre: a review. Journal of Polymers and the Environment 19: 714. 

Nadirah WW, Jawaid M, Al Masri AA, et al. (2012) Cell wall morphology, 
chemical and thermal analysis of cultivated pineapple leaf fibres for 
industrial applications. Journal of Polymers and the Environment 20: 
404-411. 

Nam TH, Ogihara S and Kobayashi S. (2012) Interfacial, mechanical and thermal 
properties of coir fiber-reinforced poly (lactic acid) biodegradable 
composites. Advanced composite materials 21: 103-122. 

Nam TH, Ogihara S, Tung NH, et al. (2011) Effect of alkali treatment on 
interfacial and mechanical properties of coir fiber reinforced poly 
(butylene succinate) biodegradable composites. Composites Part B: 
Engineering 42: 1648-1656. 

Nampoothiri KM, Nair NR and John RP. (2010) An overview of the recent 
developments in polylactide (PLA) research. Bioresource Technology 
101: 8493-8501. 

Narendar R, Dasan KP and Jayachandran J. (2016) Effect of hybridization and 
chemical treatment on the mechanical properties of coir pith/nylon/epoxy 
hybrid composites. Polymer Composites 37: 649-657. 

Nasir M, Gupta A, Beg MDH, et al. (2014) Laccase application in medium density 
fibreboard to prepare a bio-composite. RSC advances 4: 11520-11527. 

Nassiopoulos E and Njuguna J. (2015) Thermo-mechanical performance of poly 
(lactic acid)/flax fibre-reinforced biocomposites. Materials & Design 66: 
473-485. 

Nirmal U, Singh N, Hashim J, et al. (2011) On the effect of different polymer 
matrix and fibre treatment on single fibre pullout test using betelnut 
fibres. Materials & Design 32: 2717-2726. 

Noorunnisa Khanam P, Ramachandra Reddy G, Raghu K, et al. (2010) Tensile, 
flexural, and compressive properties of coir/silk fiber-reinforced hybrid 
composites. Journal of Reinforced Plastics and Composites 29: 2124-
2127. 

Nunna S, Chandra PR, Shrivastava S, et al. (2012) A review on mechanical 
behavior of natural fiber based hybrid composites. Journal of Reinforced 
Plastics and Composites 31: 759-769. 



© C
OPYRIG

HT U
PM

141 
 

Ohkita T and Lee SH. (2006) Thermal degradation and biodegradability of poly 
(lactic acid)/corn starch biocomposites. Journal of applied polymer 
science 100: 3009-3017. 

Pacheco-Torgal F and Jalali S. (2011) Cementitious building materials reinforced 
with vegetable fibres: A review. Construction and Building Materials 25: 
575-581. 

Paiva M, Ammar I, Campos A, et al. (2007) Alfa fibres: Mechanical, 
morphological and interfacial characterization. Composites Science and 
Technology 67: 1132-1138. 

Pandey JK, Ahn S, Lee CS, et al. (2010) Recent advances in the application of 
natural fiber based composites. Macromolecular Materials and 
Engineering 295: 975-989. 

Pang X, Zhuang X, Tang Z, et al. (2010) Polylactic acid (PLA): research, 
development and industrialization. Biotechnology journal 5: 1125-1136. 

Peltola H, Pääkkönen E, Jetsu P, et al. (2014) Wood based PLA and PP 
composites: Effect of fibre type and matrix polymer on fibre 
morphology, dispersion and composite properties. Composites Part A: 
Applied Science and Manufacturing 61: 13-22. 

Pickering KL and Efendy MA. (2016) Preparation and mechanical properties of 
novel bio-composite made of dynamically sheet formed discontinuous 
harakeke and hemp fibre mat reinforced PLA composites for structural 
applications. Industrial Crops and Products 84: 139-150. 

Porras A and Maranon A. (2012) Development and characterization of a laminate 
composite material from polylactic acid (PLA) and woven bamboo 
fabric. Composites Part B: Engineering 43: 2782-2788. 

Puglia D, Monti M, Santulli C, et al. (2013) Effect of alkali and silane treatments 
on mechanical and thermal behavior of Phormium tenax fibers. Fibers 
and Polymers 14: 423-427. 

Qin L, Qiu J, Liu M, et al. (2011) Mechanical and thermal properties of poly 
(lactic acid) composites with rice straw fiber modified by poly (butyl 
acrylate). Chemical Engineering Journal 166: 772-778. 

Ragoubi M, George B, Molina S, et al. (2012) Effect of corona discharge 
treatment on mechanical and thermal properties of composites based on 
miscanthus fibres and polylactic acid or polypropylene matrix. 
Composites Part A: Applied Science and Manufacturing 43: 675-685. 

Rahman MM and Khan MA. (2007) Surface treatment of coir (Cocos nucifera) 
-mechanical properties. 

Composites Science and Technology 67: 2369-2376. 
Rajesh G and Prasad AVR. (2014) Tensile properties of successive alkali treated 

short jute fiber reinforced PLA composites. Procedia Materials Science 
5: 2188-2196. 

Raquez J-M, Deléglise M, Lacrampe M-F, et al. (2010) Thermosetting (bio) 
materials derived from renewable resources: a critical review. Progress 
in Polymer Science 35: 487-509. 

Rasal RM, Janorkar AV and Hirt DE. (2010) Poly (lactic acid) modifications. 
Progress in polymer science 35: 338-356. 

Rashdi A, Sapuan S, Ahmad M, et al. (2010) Combined Effects of Water 
Absorption Due to Water Immersion, Soil Buried and Natural Weather 
on Mechanical Properties Of Kenaf Fibre Unsaturated Polyester 
Composites (KFUPC). International Journal of Mechanical and 
Materials Engineering 5: 11-17. 



© C
OPYRIG

HT U
PM

142 
 

Reddy MM, Vivekanandhan S, Misra M, et al. (2013) Biobased plastics and 
bionanocomposites: Current status and future opportunities. Progress in 
polymer science 38: 1653-1689. 

Ren J. (2011) Biodegradable poly (lactic acid): synthesis, modification, 
processing and applications: Springer Science & Business Media. 

Ridzuan M, Majid MA, Afendi M, et al. (2016) Thermal behaviour and dynamic 
mechanical analysis of Pennisetum purpureum/glass-reinforced epoxy 
hybrid composites. Composite Structures 152: 850-859. 

Rosa MF, Chiou B-s, Medeiros ES, et al. (2009a) Effect of fiber treatments on 
tensile and thermal properties of starch/ethylene vinyl alcohol 
copolymers/coir biocomposites. Bioresource technology 100: 5196-5202. 

Rosa MF, Chiou Bs, Medeiros ES, et al. (2009b) Biodegradable composites based 
on starch/EVOH/glycerol blends and coconut fibers. Journal of applied 
polymer science 111: 612-618. 

Rose M and Palkovits R. (2011) Cellulose Based Sustainable Polymers: State of 
the Art and Future Trends. Macromolecular rapid communications 32: 
1299-1311. 

Saba N, Jawaid M and Al-Othman O. (2017) An Overview on Polylactic Acid, its 
Cellulosic Composites and Applications. Current Organic Synthesis 14: 
156-170. 

Saba N, Jawaid M, Alothman OY, et al. (2016a) A review on dynamic mechanical 
properties of natural fibre reinforced polymer composites. Construction 
and Building Materials 106: 149-159. 

Saba N, Jawaid M, Hakeem K, et al. (2015a) Potential of bioenergy production 
from industrial kenaf (Hibiscus cannabinus L.) based on Malaysian 
perspective. Renewable and Sustainable Energy Reviews 42: 446-459. 

Saba N, Paridah M, Abdan K, et al. (2016b) Effect of oil palm nano filler on 
mechanical and morphological properties of kenaf reinforced epoxy 
composites. Construction and Building Materials 123: 15-26. 

Saba N, Paridah M and Jawaid M. (2015b) Mechanical properties of kenaf fibre 
reinforced polymer composite: A review. Construction and Building 
materials 76: 87-96. 

Saba N, Paridah M, Jawaid M, et al. (2015c) Manufacturing and Processing of 
Kenaf Fibre-Reinforced Epoxy Composites via Different Methods. 
Manufacturing of Natural Fibre Reinforced Polymer Composites. 
Springer, 101-124. 

Saba N, Tahir PM and Jawaid M. (2014) A review on potentiality of nano 
filler/natural fiber filled polymer hybrid composites. Polymers 6: 2247-
2273. 

Saeidlou S, Huneault MA, Li H, et al. (2012) Poly (lactic acid) crystallization. 
Progress in polymer science 37: 1657-1677. 

Saha P, Manna S, Sen R, et al. (2012) Durability of lignocellulosic fibers treated 
with vegetable oil phenolic resin. Carbohydrate polymers 87: 1628-
1636. 

Sajna V, Mohanty S and Nayak SK. (2014) Hybrid green nanocomposites of poly 
(lactic acid) reinforced with banana fibre and nanoclay. Journal of 
Reinforced Plastics and Composites 33: 1717-1732. 

Saldivar-Guerra E and Vivaldo-Lima E. (2013) Handbook of polymer synthesis, 
characterization, and processing: John Wiley & Sons. 



© C
OPYRIG

HT U
PM

143 
 

Sangeetha V, Deka H, Varghese T, et al. (2016) State of the art and future 
prospectives of poly (lactic acid) based blends and composites. Polymer 
Composites. 

Sanyang M, Sapuan S, Jawaid M, et al. (2016) Development and characterization 
of sugar palm starch and poly (lactic acid) bilayer films. Carbohydrate 
Polymers 146: 36-45. 

Sathishkumar T, Naveen J and Satheeshkumar S. (2014) Hybrid fiber reinforced 
polymer composites a review. Journal of Reinforced Plastics and 
Composites 33: 454-471. 

Satyanarayana K, Ramos L and Wypych F. (2005) Development of new materials 
based on agro and industrial wastes towards ecofriendly society. 
Biotechnology in energy management 2: 583-624. 

Satyanarayana KG, Arizaga GG and Wypych F. (2009) Biodegradable composites 
based on lignocellulosic fibers An overview. Progress in polymer 
science 34: 982-1021. 

Saw SK, Sarkhel G and Choudhury A. (2011) Surface modification of coir fibre 
involving oxidation of lignins followed by reaction with furfuryl alcohol: 
Characterization and stability. Applied Surface Science 257: 3763-3769. 

Sawpan MA, Pickering KL and Fernyhough A. (2011a) Effect of fibre treatments 
on interfacial shear strength of hemp fibre reinforced polylactide and 
unsaturated polyester composites. Composites Part A: Applied Science 
and Manufacturing 42: 1189-1196. 

Sawpan MA, Pickering KL and Fernyhough A. (2011b) Effect of various 
chemical treatments on the fibre structure and tensile properties of 
industrial hemp fibres. Composites Part A: Applied Science and 
Manufacturing 42: 888-895. 

Sawpan MA, Pickering KL and Fernyhough A. (2011c) Improvement of 
mechanical performance of industrial hemp fibre reinforced polylactide 
biocomposites. Composites Part A: Applied Science and Manufacturing 
42: 310-319. 

Sawpan MA, Pickering KL and Fernyhough A. (2012) Flexural properties of 
hemp fibre reinforced polylactide and unsaturated polyester composites. 
Composites Part A: Applied Science and Manufacturing 43: 519-526. 

Schanda J. (2007) Colorimetry: understanding the CIE system: John Wiley & 
Sons. 

Scott G. (2013) Degradable polymers: principles and applications: Springer 
Science & Business Media. 

Sgriccia N, Hawley MC and Misra M. (2008) Characterization of natural fiber 
surfaces and natural fiber composites. Composites Part A: Applied 
Science and Manufacturing 39: 1632-1637. 

Shalwan A and Yousif B. (2013) In state of art: mechanical and tribological 
behaviour of polymeric composites based on natural fibres. Materials & 
Design 48: 14-24. 

Sharma G, Naushad M, Pathania D, et al. (2015) Modification of Hibiscus 
cannabinus fiber by graft copolymerization: Application for dye removal. 
Desalination and Water Treatment 54: 3114-3121. 

Shen L, Worrell E and Patel M. (2010) Present and future development in plastics 
from biomass. Biofuels, bioproducts and biorefining 4: 25-40. 

Shih Y-F, Chang W-C, Liu W-C, et al. (2014) Pineapple leaf/recycled disposable 
chopstick hybrid fiber-reinforced biodegradable composites. Journal of 
the Taiwan Institute of Chemical Engineers 45: 2039-2046. 



© C
OPYRIG

HT U
PM

144 
 

Shih Y-F and Huang C-C. (2011) Polylactic acid (PLA)/banana fiber (BF) 
biodegradable green composites. Journal of Polymer Research 18: 2335-
2340. 

Shih Y-F, Huang C-C and Chen P-W. (2010) Biodegradable green composites 
reinforced by the fiber recycling from disposable chopsticks. Materials 
Science and Engineering: A 527: 1516-1521. 

Shinoj S, Visvanathan R, Panigrahi S, et al. (2011) Oil palm fiber (OPF) and its 
composites: A review. Industrial Crops and Products 33: 7-22. 

Shubhra QT, Alam A, Khan MA, et al. (2010) Study on the mechanical properties, 
environmental effect, degradation characteristics and ionizing radiation 
effect on silk reinforced polypropylene/natural rubber composites. 
Composites Part A: Applied Science and Manufacturing 41: 1587-1596. 

Shukor F, Hassan A, Islam MS, et al. (2014a) Effect of ammonium polyphosphate 
on flame retardancy, thermal stability and mechanical properties of alkali 
treated kenaf fiber filled PLA biocomposites. Materials & Design 54: 
425-429. 

Shukor F, Hassan A, Islam MS, et al. (2014b) Effect of ammonium polyphosphate 
on flame retardancy, thermal stability and mechanical properties of alkali 
treated kenaf fiber filled PLA biocomposites. Materials & Design (1980-
2015) 54: 425-429. 

Shumao L, Jie R, Hua Y, et al. (2010) Influence of ammonium polyphosphate on 
the flame retardancy and mechanical properties of ramie fiber reinforced 
poly (lactic acid) biocomposites. Polymer International 59: 242-248. 

Siregar J, Sapuan S, Rahman M, et al. (2009) The effect of compatibilising agent 
and surface modification on the physical properties of short pineapple 
leaf fibre (PALF) reinforced high impact polystyrene (HIPS) composites. 
Polymers & Polymer Composites 17: 379. 

Sivakumar D, Ng L, Lau S, et al. (2017) Fatigue life behaviour of Glass/Kenaf 
Woven-Ply polymer hybrid biocomposites. Journal of Polymers and the 
Environment: 1-9. 

Sivan A. (2011) New perspectives in plastic biodegradation. Current opinion in 
biotechnology 22: 422-426. 

Södergård A and Stolt M. (2002) Properties of lactic acid based polymers and 
their correlation with composition. Progress in polymer science 27: 
1123-1163. 

Song YS, Lee JT, Ji DS, et al. (2012) Viscoelastic and thermal behavior of woven 
hemp fiber reinforced poly (lactic acid) composites. Composites Part B: 
Engineering 43: 856-860. 

Spiridon I, Darie RN and Kangas H. (2016) Influence of fiber modifications on 
PLA/fiber composites. Behavior to accelerated weathering. Composites 
Part B: Engineering 92: 19-27. 

Spiridon I, Leluk K, Resmerita AM, et al. (2015) Evaluation of PLA lignin 
bioplastics properties before and after accelerated weathering. 
Composites Part B: Engineering 69: 342-349. 

Sreenivasan V, Ravindran D, Manikandan V, et al. (2012) Influence of fibre 
treatments on mechanical properties of short Sansevieria 
cylindrica/polyester composites. Materials & Design 37: 111-121. 

Stark NM, White RH, Mueller SA, et al. (2010) Evaluation of various fire 
retardants for use in wood flour polyethylene composites. Polymer 
Degradation and Stability 95: 1903-1910. 



© C
OPYRIG

HT U
PM

145 
 

Stevens C and Müssig J. (2010) Industrial applications of natural fibres: 
structure, properties and technical applications: John Wiley & Sons. 

Stevulova N, Cigasova J, Estokova A, et al. (2014) Properties characterization of 
chemically modified hemp hurds. Materials 7: 8131-8150. 

biodegradation of PLA/clay nanocomposites during thermophilic phase 
of composting process. Waste management 42: 31-40. 

Stopper A, Okuda J and Kol M. (2012) Ring-opening polymerization of lactide 
with Zr complexes of {ONSO} ligands: from heterotactically inclined to 
isotactically inclined poly (lactic acid). Macromolecules 45: 698-704. 

Suardana NPG, Ku MS and Lim JK. (2011) Effects of diammonium phosphate on 
the flammability and mechanical properties of bio-composites. Materials 
& Design 32: 1990-1999. 

Summerscales J, Dissanayake NP, Virk AS, et al. (2010) A review of bast fibres 
and their composites. Part 1 Fibres as reinforcements. Composites Part 
A: Applied Science and Manufacturing 41: 1329-1335. 

Sun L, Jia Y, Ma F, et al. (2010) Analysis of interfacial adhesion behaviours by 
single- fibre composite tensile tests and surface wettability tests. Polymer 
Composites 31: 1457- 1464 

Suryanegara L, Nakagaito AN and Yano H. (2009) The effect of crystallization of 
PLA on the thermal and mechanical properties of microfibrillated 
cellulose-reinforced PLA composites. Composites Science and 
Technology 69: 1187-1192. 

Tang X and Alavi S. (2011) Recent advances in starch, polyvinyl alcohol based 
polymer blends, nanocomposites and their biodegradability. 
Carbohydrate Polymers 85: 7-16. 

Tawakkal IS, Cran MJ and Bigger SW. (2014) Effect of kenaf fibre loading and 
thymol concentration on the mechanical and thermal properties of 
PLA/kenaf/thymol composites. Industrial Crops and Products 61: 74-83. 

Tawakkal ISM, Talib RA, Abdan K, et al. (2012) Mechanical and physical 
properties of kenaf-derived cellulose (KDC)-filled polylactic acid (PLA) 
composites. BioResources 7: 1643-1655. 

hemp shives and their characterization. Procedia Engineering 42: 931-
941. 

Thakur V, Singha A and Thakur M. (2012a) Biopolymers based green composites: 
mechanical, thermal and physico-chemical characterization. Journal of 
Polymers and the Environment 20: 412-421. 

Thakur V, Singha A and Thakur M. (2012b) In-air graft copolymerization of ethyl 
acrylate onto natural cellulosic polymers. International Journal of 
Polymer Analysis and Characterization 17: 48-60. 

Thakur V, Singha A and Thakur M. (2012c) Modification of natural biomass by 
graft copolymerization. International Journal of Polymer Analysis and 
Characterization 17: 547-555. 

Thakur VK and Singha A. (2010) Natural fibres-based polymers: Part I
Mechanical analysis of Pine needles reinforced biocomposites. Bulletin 
of Materials Science 33: 257-264. 

Thakur VK, Singha AS and Misra BN. (2011) Graft copolymerization of methyl 
methacrylate onto cellulosic biofibers. Journal of Applied Polymer 
Science 122: 532-544. 



© C
OPYRIG

HT U
PM

146 
 

Thakur VK, Thakur MK and Gupta RK. (2014a) Graft copolymers of natural 
fibers for green composites. Carbohydrate polymers 104: 87-93. 

Thakur VK, Thakur MK and Gupta RK. (2014b) Review: raw natural fiber based 
polymer composites. International Journal of Polymer Analysis and 
Characterization 19: 256-271. 

Thakur VK, Thakur MK, Yu T, et al. (2015) Biodegradable Poly (Lactic Acid) 
and Its Composites. Handbook of Sustainable Polymers: Processing and 
Applications. Pan Stanford, 857-898. 

Thwe MM and Liao K. (2013) Tensile behaviour of modified bamboo glass fibre 
reinforced hybrid composites. Plastics, rubber and composites. 

Ticoalu A, Aravinthan T and Cardona F. (2010) A review of current development 
in natural fiber composites for structural and infrastructure applications. 
Proceedings of the Southern Region Engineering Conference (SREC 
2010). Engineers Australia, 113-117. 

Torres J, Vandi L-J, Veidt M, et al. (2017) The mechanical properties of natural 
fibre composite laminates: a statistical study. Composites Part A: Applied 
Science and Manufacturing. 

Umar AH, Zainudin E and Sapuan S. (2012a) Effect of accelerated weathering on 
tensile properties of kenaf reinforced high-density polyethylene 
composites. Journal of Mechanical Engineering and Sciences 2: 198-
205. 

Umar AH, Zainudin E and Sapuan S. (2012b) Effect of accelerated weathering on 
tensile properties of kenaf reinforced high-density polyethylene 
composites. Journal of Mechanical Engineering and Sciences 2: 198-
205. 

Van de Velde K and Kiekens P. (2001) Thermoplastic polymers: overview of 
several properties and their consequences in flax fibre reinforced 
composites. Polymer Testing 20: 885-893. 

Van den Oever M, Beck B and Müssig J. (2010) Agrofibre reinforced poly (lactic 
acid) composites: Effect of moisture on degradation and mechanical 
properties. Composites Part A: Applied Science and Manufacturing 41: 
1628-1635. 

Venkateshwaran N, ElayaPerumal A, Alavudeen A, et al. (2011) Mechanical and 
water absorption behaviour of banana/sisal reinforced hybrid composites. 
Materials & Design 32: 4017-4021. 

Venkateshwaran N, Elayaperumal A and Sathiya G. (2012) Prediction of tensile 
properties of hybrid-natural fiber composites. Composites Part B: 
Engineering 43: 793-796. 

Verma D, Gope P, Shandilya A, et al. (2013a) Coir fibre reinforcement and 
application in polymer composites: A. Journalof Material & 
Environment Science 4: 263-276. 

Verma D, Gope P, Shandilya A, et al. (2013b) Coir fibre reinforcement and 
application in polymer composites: A. Environ. Sci 4: 263-276. 

Wada A and Fukuka H. (1998) Microbond and fragmentation test for the fiber/ 
matrix interfaced shearing strength. Proceedings. ACCM-1, Osaka, 
613.1- 613.4 

Wahit MU, Akos NI and Laftah WA. (2012) Influence of natural fibers on the 
mechanical properties and biodegradation of poly (lactic acid) and poly 

caprolactone) composites: A review. Polymer Composites 33: 1045-
1053. 



© C
OPYRIG

HT U
PM

147 
 

Wang L, Zhang Z, Chen H, et al. (2010a) Preparation and characterization of 
biodegradable thermoplastic Elastomers (PLCA/PLGA blends). Journal 
of Polymer Research 17: 77-82. 

Wang W and Huang G. (2009) Characterisation and utilization of natural coconut 
fibres composites. Materials & Design 30: 2741-2744. 

Wang X, Hu Y, Song L, et al. (2010b) Flame retardancy and thermal degradation 
of intumescent flame retardant poly (lactic acid)/starch biocomposites. 
Industrial & Engineering Chemistry Research 50: 713-720. 

Wong KJ, Nirmal U and Lim B. (2010) Impact behavior of short and continuous 
fiber-reinforced polyester composites. Journal of Reinforced Plastics and 
Composites 29: 3463-3474. 

Wool R and Sun XS. (2011) Bio-based polymers and composites: Elsevier 
Academic Press. Burlington, MA 01803, USA. 

Xiao L, Wang B, Yang G, et al. (2012) Poly (lactic acid)-based biomaterials: 
synthesis, modification and applications: Biomedical Science, 
Engineering and Technology.  INTECH Open Access Publisher. 

Xie L, Xu H, Wang Z-P, et al. (2014) Toward faster degradation for natural fiber 
reinforced poly (lactic acid) biocomposites by enhancing the hydrolysis-
induced surface erosion. Journal of Polymer Research 21: 1-15. 

Xie Y, Hill CA, Xiao Z, et al. (2010) Silane coupling agents used for natural 
fiber/polymer composites: A review. Composites Part A: Applied Science 
and Manufacturing 41: 806-819. 

Yahaya R, Sapuan S, Jawaid M, et al. (2015) Effect of layering sequence and 
chemical treatment on the mechanical properties of woven kenaf aramid 
hybrid laminated composites. Materials & Design 67: 173-179. 

Yahya B, Asia S and Yusof Y. (2013) Comprehensive review on the utilization of 
PALF. Advanced Materials Research. Trans Tech Publ, 430-434. 

Yan L, Kasal B and Huang L. (2016) A review of recent research on the use of 
cellulosic fibres, their fibre fabric reinforced cementitious, geo-polymer 
and polymer composites in civil engineering. Composites Part B: 
Engineering 92: 94-132. 

Yang H-S, Kim H-J, Son J, et al. (2004) Rice-husk flour filled polypropylene 
composites; mechanical and morphological study. Composite Structures 
63: 305-312. 

Yousif B and Ku H. (2012) Suitability of using coir fiber/polymeric composite for 
the design of liquid storage tanks. Materials & Design (1980-2015) 36: 
847-853. 

Yu T, Ren J, Li S, et al. (2010) Effect of fiber surface-treatments on the properties 
of poly (lactic acid)/ramie composites. Composites Part A: Applied 
Science and Manufacturing 41: 499-505. 

Yusoff RB, Takagi H and Nakagaito AN. (2016) Tensile and flexural properties of 
polylactic acid-based hybrid green composites reinforced by kenaf, 
bamboo and coir fibers. Industrial Crops and Products 94: 562-573. 

Yussuf A, Massoumi I and Hassan A. (2010) Comparison of polylactic acid/kenaf 
and polylactic acid/rise husk composites: the influence of the natural 
fibers on the mechanical, thermal and biodegradability properties. 
Journal of Polymers and the Environment 18: 422-429. 

Zampaloni M, Pourboghrat F, Yankovich S, et al. (2007) Kenaf natural fiber 
reinforced polypropylene composites: a discussion on manufacturing 
problems and solutions. Composites Part A: Applied Science and 
Manufacturing 38: 1569-1580. 



© C
OPYRIG

HT U
PM

148 
 

Zamri MH, Akil HM, Bakar AA, et al. (2011) Effect of water absorption on 
pultruded jute/glass fibre-reinforced unsaturated polyester hybrid 
composites. Journal of Composite Materials46: 51- 61. 

Zhang Q, Shi L, Nie J, et al. (2012) Study on poly (lactic acid)/natural fibers 
composites. Journal of Applied Polymer Science 125: E526- E533 

Zhao Y, Qiu J, Feng H, et al. (2011) Improvement of tensile and thermal 
properties of poly (lactic acid) composites with admicellar-treated rice 
straw fiber. Chemical Engineering Journal 173: 659-666. 

Zinck P, Wagner HD, Salmon L, et al. (2001) Are microcomposites realistics 
model of the fibre/ matrix interphase? I. Michromechanical modelling. 
Polymer 42: 5401- 5413 

Zini E and Scandola M. (2011) Green composites: an overview. Polymer 
Composites 32: 1905-1915. 

 
  




