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KEYNOTE SPEAKERS

1

A Future vision for Sustainable Packaging – Problems, Challenges
and Solutions
Edward Kosior
Nextek Ltd, 1 Kensington Gore , London SW7 2AR
__________________________________________________________________________________________

Abstract
The focus of food packaging has always been on the preservation of food in a hygienic
manner while allowing the consumer to understand what they are buying and potentially
making the product attractive to consumers. Recently the Blue Planet programs have
highlighted the problems with the longevity of plastics and the pollution of the oceans by
discarded plastics. This has disrupted the thinking of brand owners and supermarkets and
created a new focus on the sustainability and recycling of packaging as key attributes. This
paper will consider the source of the problems and the challenges created by current shortterm solutions and the innovations that need to developed in order to transform to a
regenerative society.
Keywords: Sustainable Packaging; food packaging

*Corresponding author
Email: edkosior@nextek.org

2

Compostable Packaging & the Marine Environment
Steve McCormick
Lot 3, Jalan Perunding U1/17, Seksyen 1, Hicom-Glenmarie Industrial Park, Shah Alam,
40150
__________________________________________________________________________________________

Abstract
There has been significant negative publicity on the effect on the marine environment from
the disposal of plastic items into waterways that eventually find themselves in the oceans.
Several years ago, Parkside developed a number of compostable packaging solutions that
were developed to replace plastics yet give the same protection against moisture and oxygen
ingress. However, since the negative publicity on the toxic effects of plastics on marine life in
the oceans, Parkside decided to undertake work with a European Union accredited
independent laboratory on the effect of compostable packaging in the marine environment.
This paper explains our findings so far.
Keywords: Compostable Packaging; Marine Environment

*Corresponding author
Email: Steve.McCormick@parksideflex.com

3

Agro Wastes for Premium Packaging Products (Safe Bio Pack)Malaysian Perspectives
Mohammad Jawaid
Biocomposite Technology Laboratory,
Institute of Tropical Forestry and Forest Products (INTROP), Universiti Putra Malaysia,
43400 Serdang, Selangor, Malaysia
__________________________________________________________________________________________

Abstract
Packaging has a vital role to play in containing and protecting food as it moves through the
supply chain to the consumer. Plastic food packaging is produced and consumed in an
unsustainable manner. Moreover, production of plastic bags gives rise to greenhouse gas
(GHG) emissions. Agro-wastes are the most promising and economical alternate to plastic
packaging materials. Peninsular Malaysia generates large amounts of wood and agricultural
residues, the bulk of which are not being currently utilised for any further downstream
operations. The major agro wastes are oil palm, wheat straw, rice husk, coir, abaca, etc. The
analysts forecast the global biodegradable packaging materials market to grow at a CAGR of
10.53% over the period 2013-2018.This presentation addressed the necessity of
biodegradable packaging material, Agro-waste related packaging products, current scenario
of packaging industries and products in Malaysia, Standards for compostable biodegradable
packaging, future of global and Malaysian packaging industry and economy.
Keywords: Biodegradable packaging; Agro wastes; Packaging standards; Packaging market.

*Corresponding author
Email: jawaid@upm.edu.my
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Critical factors in Life Cycle Assessments of Biodegradable
Packaging Materials.
Campbell Skinner
The BioComposites Centre, Bangor University, 8th Floor, Alun Roberts Building
Deiniol Road, Bangor, Gwynedd, UK
LL57 2UW
__________________________________________________________________________________________

Abstract
In a world where sustainability and the environment are rising to the top of the agenda, the
demand for systematic, verifiable sustainability assessments is ever increasing. From policymakers needing to base decisions on sound environmental insights, to businesses looking for
marketing opportunities based on a brands green credentials, the need for robust and
transparent environmental impact data is clear.
Life Cycle Assessment (LCA) is the leading environmental impact assessment methodology
and has gained significant ground in recent years. It is both the most widely used and the
broadest in scope of the footprinting tools and its output underpins many of the most used
eco-profile certification programmes. However, the results from LCA analyses can be
complex to interpret and the insights it provides can be nuanced.
This talk will provide an overview to the LCA approach and highlight critical factors in terms
of conducting, modelling and understanding the results of LCA studies. The focus will be on
bio-based materials, in particular those used, or with potential for use, in packaging solutions.
The presentation will provide novel insights into understanding aspects of international
production, bio-plastics development, natural fibre products, and provide an overview of the
benefits of applying LCA thinking to research programmes.
Keywords: Life Cycle Assessment (LCA); packaging materials; bio-plastics

*Corresponding author
Email: c.j.skinner@bangor.ac.uk
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Cellulose nanofibrils: from production to application in fibre-based
packaging
Sami Boufi
Faculty of Sciences of Sfax- BP 1171- 3000- Sfax-Tunisia
__________________________________________________________________________________________

Abstract
Cellulose nanofibrils (CNFs) constitute a real breakthrough in cellulose-based materials and
have become a topic of great interest in the last decade1, 2. Their nanoscale dimensions,
biodegradable character, cost effectiveness, high aspect ratio, light weight and sustainability
constitute an impetus for this increasing interest. All of these attributes make nanosized
cellulose very attractive for a broad range of applications within the field of innovative
materials3. Furthermore, according to the current knowledge nocellulose is classified as a
non-toxic material, completely biodegradable and without adverse effects on the health and
environment. Thanks to their high aspect ratio, high strength and stiffness and their strong
tendency to form entangled network held through hydrogen bonding, the inclusion of CNFs
into a polymer matrix bring about a strong reinforcing potential. The use of CNF in in paper
and paperboard products as a wet additive or coating material is also a promising area of
application4. Increasing in strength, density, surface smoothness and barrier properties
enhancement are key benefits obtained by CNF as coating for paperboard. Although the
usefulness of CNFs as additive in papermaking is quite recent, this application is expected to
find implementation in the near future and is likely to give a broader commercial market to
this class of environmentally sustainable nanoreinforcement. In this presentation, an overview
on the production methods of CNFs, their reinforcing potential and their application in the
field of packaging material will be presented. The emphasis will be put on the current method
of CNFs production and fibres pre-treatment to facilitate the release of cellulose nanofibrils
and reduce the energy consumption during the mechanical disintegration process.
Keywords: Cellulose nanofibrils (CNFs); nanoreinforcement; packaging

*Corresponding author
Email: sami.boufi@fss.rnu.tn
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Chemical recycling of plastic packaging in Chile
Alex Berg
Unidad de Desarrollo Tecnológico (UDT)
University of Concepción, Avda. Cordillera 2634,
Parque Industrial Coronel, Coronel, Chile
__________________________________________________________________________________________

Abstract
Plastic waste is a global problem. Mainly in the case of packaging, the very short use of the
long lasting materials seems a paradox. Despite multiple efforts to replace fossil plastics by
bioplastics or paper, the substitution rates are still very low. It has been predicted that the
global consumption (and accumulation) of plastics will increase further, at least for the next
30 years.
This problem becomes more severe in developing countries like Chile, not only due to
limited fraction of mechanically recyclable plastics but also due to lack of incinerators, which
can disintegrate the plastic waste. Based on these facts, our institute, the Unidad de
Desarrollo Tecnológico (UDT) from the University of Concepción has developed a new
technology to convert plastic wastes into valuable products. The process is based on a
pyrolytic treatment of the plastics with very low residential times, which degrades mixed and
impure polyolefins into linear hydrocarbons, including high molecular weight molecules (up
to C100 and more). We can obtain a solid fraction (waxes, mainly C16 – C160), a liquid
fraction (mainly C5 – C16) and low molecular gases (mainly C1-C4) by fractional
condensation. The obtained solids are used as hydrophobic media for cardboards and wood
panels, the liquid as a diesel substitute and the gases as an internal energy source.
We count with a small laboratory unit with a processing capacity of 400 g of plastic/batch and
a continuous plant, which processes 20 kg/hr. Presently, a demonstrative plant with a
processing capacity of 120 Kg/hr is under construction, which we expect to be operating
within a few weeks.
Keywords: Chemical recycling; Plastic recycling

*Corresponding author
Email: a.berg@udt.cl
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Valorising of Waste Product: Spent Coffee Grounds as Reinforcement
on Biocomposites - Effect of Treatment on Thermo-Mechanical
Performance
Abou El Kacem Qaiss
MAScIR, Rabat Design Center, Street,
Mohamed ElJazouli, Madinat AlIrfane, Rabat, 10100-Morocco
__________________________________________________________________________________________

Abstract
The presentation concerns the valorisation of waste product, the spent coffee ground (SCG)
will be taken as example, which is used as reinforcement of polymeric matrix to produce a
Biocomposites by compounding. To objectives of this study were to investigate the effects of
particle content and chemical treatment on the morphological, thermal, mechanical and
rheological properties of these biocomposites. It was found that SCG particles have a positive
effect on the matrix properties, while these performances were improved by using a chemical
treatment resulting in stronger interactions with the matrix. Then, the effect of bleaching
treatments and the use of compatibilizers (silane and styrene-ethylene-butene-styrene-graftmaleic anhydride) on the biocomposites properties will be presented.
Keywords: Spent coffee ground (SCG); waste product; compatibilizers

*Corresponding author
Email: a.qaiss@mascir.com
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Food Packaging – Challenges for Packaging Professionals
Ainain Shahidi
4 Sixes Consulting Inc.
406, Tulip Tower, Green Valley, Sarai Khwaja, Sector 41/42, Faridabad.
Haryana, India
__________________________________________________________________________________________

Abstract

The challenges faced by today’s packaging professionals are manifold. He has to
coordinate with many internal and external agencies and present the final outcome to the
board. Changes are happening very frequently, hence the Packaging Professional has to
be on his toes all the time to ensure that the expectations and timelines are met. At the
same time, when one considers the fact that the packaging industry has to work with
innumerable ones, it means that the level of adaptation has to be extremely high for
fulfilling the unique needs of each of the industries the packaging industry works with.
Like many other industries, the packaging industry is also in a state of flux due to several factors.
This is in addition to the changes taking place across many industries in which packaging plays a
central role. Almost every industry needs packaging in some or another way and to some or
another extent. One of the major challenges facing today's packaging industry is that the Product
manufacturing and marketing industries who own brands are changing courses, hence the
packaging industry has to keep up the pace with them. This kind of multiplicity of challenges is
almost unique to the packaging industry. The packaging industry is essentially an auxiliary
industry, and thus has to keep adapting to the various challenges posed by these main industries
with which it works.

Keywords: Food packaging

*Corresponding author
Email: sainain2k2@yahoo.com
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SESSION 1
Life Cycle Assessment of Biodegradable
Materials

10

INVITED SPEAKER
Smart packaging: Real time sensors for ensuring food quality and safety
Mohammed Wasim Siddiqui
Department of Food Science and Postharvest Technology
Bihar Agricultural University, Sabour (813 210) Bhagalpur, Bihar, India

_____________________________________________________________________________________

Abstract
Out of several factors, the packaging is an important concern to determine shelf life, convenience
and safety of food products. Real time intelligent packaging system is one of the recently
developed techniques. The development of intelligent or smart packaging systems involves
multidisciplinary approaches including food science and postharvest technology. This technology
involves several chemical and biosensors, which ensure products’ safety for the consumer and also
monitors freshness, pathogens, leakage, carbon dioxide, oxygen, pH, time or temperature
parameters directly linked with shelf life of packaged products during storage and transport. This
system is based on “Sense and Response Mechanism” and thus, has a great potential in the
development of new easy to use sensing devices that could be integrated in the food packaging,
which are beyond the existing conventional technologies, like control of weight, volume, color
and appearance. This lecture deals with the recent advancement in the smart or intelligent
packaging system emphasizing low cost easy to use real time sensors for safe food products.
Keywords: Smart packaging, Biosensors; Chemosensors; Real-time monitoring, Quality
__________________________________________________________________________________________________________________________

*Corresponding author. Tel: +91-9835502897 (M) +91-641-2451255 (O)
E-mail address: wasim_serene@yahoo.com
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End of Life Impact Assessment of Poly Lactic Acid
A. Soundhara, S. Aravind Raja, K.E.K. Vimala, K. Balasubramanib, K. Jayakrishnaa*
a

School of Mechanical Engineering, VIT - Vellore, Tamil Nadu, India – 632014
Department of Mechanical Engineering, Bharath University, Tamil Nadu, India – 641 047

b

_____________________________________________________________________________________

Abstract
Poly Lactic Acid (PLA) is a biodegradable, thermoplastic material and possesses good mechanical
properties as compared to Polystyrene (PS) and Poly Ethylene Terephthalate (PET). PLA is
extensively used in packaging, cups, bottles, injection molded parts, extrusion coatings due to their
rigidity and eco-friendly nature, as they degrade faster compared to other conventional plastics.
Considering their wide usage, substantial quantity of PLA is left as waste. Normally, landfill,
incineration, mechanical and chemical recycling are the four options available for End of Life
(EoL) disposal. In this paper, Life Cycle Analysis (LCA) approach was used in order to quantify
the environmental impacts of these options for PLA using Umberto Nxt. The impact score for
these four options were computed for their functional unit of one kg using eco-indicator 99
characterization model. A Decision Support System (DSS) was also developed to facilitate
stakeholders to quantify environmental impacts for dynamic scenarios, which would help
organizations in real time monitoring and documenting their sustainability report.
Keywords: Poly lactic acid; Environmental impacts; End of life; Life cycle analysis; Decision
support system;
__________________________________________________________________________________________________________________________
*Corresponding author. Tel: + 9894968596
E-mail address: mail2jaikrish@gmail.com
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SESSION 2
Biopolymer and Biocomposite from
Green Materials

13

INVITED SPEAKER
Biodegradable Composite of the Polybutylene Succinate (PBS)
Compounded with Starch and Palm Fibres.
Khairul Zaman bin Hj Mohd Dahlan
75 – 2, Jalan TKS 1,
Taman Kanjang Sentral,
43000 Kajang. Selangor, Malaysia
_____________________________________________________________________________________

Abstract
Polybutyl succinate (PBS) is a biobased polyester and it is claimed to have excellent compatibility
with natural fibres at low processing temperature. The ester bond part of PBS and polar group of
the cellulose part of natural fibres and of starch can generate secondary bonds such as Van der
Waals forces and intermolecular forces. As such the blend of PBS – starch – natural fibres is
supposed to produce a good mechanical and physical properties of the biodegradable composite
materials. In this initial work, the blends of PBS, modified starch and palm fibres have been
investigated using laboratory brabendar melt compounding machine and followed by hot pressed
to produce composite sheets. The physical and mechanical properties of the composite were
measured and used to select the suitable compunds for pilot scale trail production of biodegradable
composite sheets. The flexural modulus of the composite increases significantly from 650 MPa
(PBS) to 2280 MPa (composite). On the other hand, the flexural strength decreases from 40.0 MPa
(PBS) to 19.0 MPa (composite).
Keywords: Biodegradable composite; Polybutylene succinate (PBS); Starch; Palm fibres.

*Corresponding author

Email: dr.khairulz@gmail.com
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PALF M extraction through mechanical and chemical assist for
increased efficiency
Anbia Adama, Yusri Yusof a*,
a

Advanced Manufacturing and Material Centre (AMMC), Faculty of Mechanical and Manufacturing
Engineering, Universiti Tun Hussein Onn Malaysia (UTHM), 86400 Batu Pahat, Johor,Malaysia
_____________________________________________________________________________________

Abstract
In this work, a patented Pineapple Leaf Fiber Machine (PALF M) was developed in UTHM to
extract PALF through multiple blades at certain angle. The extracted PALF were then tested to
determine the better type namely; Moris and Josapine. Treatment test was also carried out to
compare the efficiency of two selected chemicals (sodium bicarbonate and hot water) in terms of
reducing damage to the fiber during the extraction process. For the test, 200 pieces for each type
of pineapple leaf was separated by their respective months old (5 and 8). Then the leaves will be
soaked for at least 5 minutes before going through the PALF M. After that, the leaves were
weighed after extraction process to obtain weight depending on the condition of the leaves. The
result for 5 month Moris and Josapine are 13.92% and 16.74% for no treatment, 12.33% and
18.01% for hot water treatment, while 14.69% and 13.90% for sodium bicarbonate. Moris leaves
yield higher usable fiber than Josapine leaves when soaked with sodium bicarbonate and hot water.
However, Josapine leaves yield more usable fiber without any treatment before the extraction
process.
Keywords: PALF, Extraction, Pineapple, Moris, Josapine
__________________________________________________________________________________________________________________________

*Corresponding author. Tel: +607 4537850; fax: +603 4536353
E-mail address: yusri@uthm.edu.my
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Electrochemical Studies of Polystyrene based Composite Membrane for
Industrial Waste Water Treatment
Mohammad Mujahid Ali Khana*
a

Applied Science and Humanities Section, University Polytechnic, Faculty of Engineering and Technology, Aligarh
Muslim University, Aligarh, 202002, India

_____________________________________________________________________________________

Abstract
The polystyrene based inorganic ion-exchange composite membrane was successfully synthesized
by sol-gel method. The surface morphology, thermal stability, and other spectral analysis were
done by using scanning electron microscopy (SEM), thermogravimetry analysis (TGA), Fourier
transform infrared (FTIR) spectroscopy and X-ray diffraction (XRD) technique. The results
highlighted that the composite membrane was found stable in acidic and basic media. It is also
mechanically and thermally stable. Therefore, it can be concluded from this study that the asprepared membrane may be useful for industrial wastewater treatment.
Keywords: Polystyrene; Membrane potential; Surface charge density; Transport number;
Mobility ratio
__________________________________________________________________________________________________________________________
*Corresponding author. Tel: +919634325860
E-mail address: mujahidchemistry@gmail.com

16

Investigation of Friction Stir Welding Parameters of Aluminium Metal
Matrix Composites
M.Sucharithaa, B.Ravisankarb
a
Department of Mechanical Engineering, Bharath University, Chennai.
Department of Mechanical Engineering, Bapatla Engineering College, Bapatla.

b

_____________________________________________________________________________________

Abstract
Friction stir welding is a solid state joining process that has found applications in a wide variety
of industries. In the present investigation work, friction stir weldability of 2% Al2O3 aluminum
matrix composite using H13 tool and the effects of process parameters such as tool rotation
speed, traverse speed and axial force on ultimate tensile strength, hardness and microstructure
were investigated. It was observed that the tensile strength and hardness are increased with
increasing the tool rotation speed. The microstructure showed fine Al-Mg-Si eutectic particles in
a matrix of Al solid solution.
Keywords: Friction stir welding; AMMC; Macro Structure; Tensile test; Hardness
__________________________________________________________________________________________________________________________
*Corresponding author. Tel: +9840590726
E-mail address: saisuchi2002@gmail.com
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Agricultural Biomass: Pulp, Paper and
Pup Moulding Products

18

INVITED SPEAKER
Synthesis and Development of Cashew Nut Shell Liquid Bio-Resin
Based Composites for Structural and Electronic Packaging Applications
Padmanabhan Krishnan
School of Mechanical Engineering,
Vellore Institute of Technology, Vellore, Tamilnadu, India-632014
_____________________________________________________________________________________

Abstract
The search for natural and bio based plastics has become a necessity due the decrease in the
petroleum resources and environmental and social concerns due to the strong green house ( GH)
footprints of petroleum based products. The quantum of bio-resins and bio-plastics that can be
produced from the conventional, organic and Genetically Modified (GM) plants is immense
because India and the ASEAN are world class producers of sugarcane, sugar beet, other tubers
such as potato and vegetables with starch, cashew and badam, castor oil and soya bean. This invited
paper attempts to project the actual possibilities of the bio-resin and bio-plastic market in this
region and provides the knowhow for their production. Among all the other sources, Cashew Nut
Shell Liquid (CNSL) is an abundantly available natural source for synthesizing phenolic
compounds and high temperature resins. It is one of the most promising natural biopolymers which
has wide applications in the use of structural composite materials, pharmaceuticals, pesticides,
electrical appliances and electronic packaging materials. The production, thermal, mechanical
(static and dynamic) and electronic characterization of these bio resins and their composites are
discussed in detail. These properties are found to be superior to those of epoxy and phenol based
structural and electronic composites. The immense potential of CNSL matrix based nano and
multi-scale composites with nano-silica, carbon black powders, Multi Walled Carbon Nano Tubes
(MWCNT) and modifiers as the dispersoid fillers in electronic packaging applications for
Integrated Circuits (IC) and processors, is brought out. A novel working model with an
economically feasible option is also provided for those concerned about their safe disposal,
recycling, reuse and conversion into useable fuel with no impact to the environment.
Keywords: Bioresins; CNSL Resin; Structural Applications; Electronic packaging.
_____________________________________________________________________________________________________________________
*Corresponding author. Tel: +919840032002/+918610904298.
Email: padmanabhan.k@vit.ac.in
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INVITED SPEAKER
Experiencing the Chemical and Mechanical Pulping of Oil Palm Empty
Fruit Bunch
Ainun Zuriyati Mohamed @ Asa’aria, Faris Syahiran Ismaila, Nur Aqeela Mohd Yusoffa,
Naziratulasikin Abu Kassima, Rosazley Ramlyb, Sharmiza Adnanc, Latifah Jasmanic,
Mohammad Jawaidd & Amran Shafiee
a

Pulp and Paper & Pollution Control Program, Institute of Tropical Forestry and Forest Products (INTROP),
Universiti Putra Malaysia, 43400 UPM, Serdang, Selangor, Malaysia
b
Department of Physics, Faculty of Science & Mathematics, Universiti Perguruan Sultan Idris, Tanjung Malim,
Perak, Malaysia
c
Pulp and Paper Program, Forest Products Division, Forest Research Institute Malaysia,
52109 Kepong, Selangor, Malaysia
d
Institute of Tropical Forestry and Forest Products (INTROP), Universiti Putra Malaysia, 43400 UPM, Serdang,
Selangor, Malaysia
e
Faculty of Applied Sciences, Universiti Teknologi MARA, 26400 Bandar Tun Abdul Razak,
Jengka, Pahang, Malaysia
____________________________________________________________________________________________

Abstract
Oil palm empty fruit bunch (EFB) is one of the highest abundance raw material derived from oil
palm plantation site. Due to its chemical content in terms of cellulose, hemicellulose and lignin,
EFB was found to be a potential material to be used in pulp and paper products. Prior to pulp and
paper manufacturing process, the EFB need to be pulped or fiberize either via chemically,
mechanically or mixed techniques. In order to obtain a desire and acceptable properties of pulps,
pulping process need to be taken into high consideration such as type of pulping, chemical to
chips portion, time of pulping and more. Pulping process can be valued as the most important
step to gain good mechanical, optical and physical of pulp and paper properties.
Keywords: oil palm empty fruit bunch, chemical pulping, mechanical pulping, pulp and paper
_____________________________________________________________________________________________________________________________
*Corresponding author. Tel: +603 8946 7010; fax: +603 8947 1896
E-mail address: ainunzuriyati@upm.edu.my
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Comparative Study of Oil Palm Empty Fruit Bunch and Kenaf Core
Pulp
Sharifah Nurul Ain Syed Hashima, Sharifah Nabihah Syed Jaafara*, Sarani Zakariaa,
Antje Potthastb, Sonja Schienserb, Markus Bacherb, Chin Hua Chiaa, Thomas Rosenaub,
Khairunnisa Waznah Baharina.
a

Bioresources and Biorefinery Laboratory, Faculty of Science and Technology, Universiti Kebangsaan
Malaysia, 43600 UKM Bangi, Selangor, Malaysia
b
Christian-Doppler Laboratory “Advanced Cellulose Chemistry and Analytics”, Division of Chemistry of
Renewable Resources, Department of Chemistry, University of Natural Resources and Life Sciences
Vienna, Muthgasse 18, A-1190 Vienna, Austria
_________________________________________________________________________________

Abstract
Cellulose pulp characterization is an important factor to be conducted which subsequently affects
the properties of cellulosic products. In this study, the empty fruit bunch (EFB) and kenaf core
cellulose pulp were characterized for their molecular weight, carboxyl group content, sugar content
and crystallinity. The molecular weight of the EFB cellulose pulp was higher than the kenaf core
cellulose pulp with 4.76 x 105 g mol-1 and 3.31 x 105 g mol-1, respectively. Furthermore, the DP
above 2000 in EFB pulp (44.35%) was higher than in kenaf core pulp (34.3%), shows the EFB
pulp has a higher amount of long chains than kenaf core pulp. However, the carboxyl group content
of EFB cellulose pulp was lower than kenaf core cellulose pulp with the difference of 10.19 µmolg1
. Based on the manual deconvolution of the C-4 resonance, the crystallinity index of EFB was
slightly lower than that of kenaf core pulp, which is 49.4% and 51.5%, respectively. The values
from peak fitting evaluation was found to be 48.8% and 51.8%, respectively. For both EFB and
kenaf core pulp, Iα was found at δ 89.43 ppm and 88.77 ppm, whereas Iβ was at δ 87.88 and 88.77
ppm for EFB and δ 87.81 and 88.77 ppm for kenaf core pulp. Iβ was more prominent than Iα in
both EFB and kenaf core pulps. The sugar content result showed that glucose, mannose and xylose
were presence in the EFB cellulose pulp while kenaf core cellulose pulp showed the presence of
only glucose and xylose.
Keywords: Cellulose; Crystallinity Index; Carboxyl content; Degree of polymerization;
Molecular weight
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Abstract
Bamboo, the fastest growing plant on earth, was known to have comparable strength to steel in its
original culm. To be used as reinforcement in composites, the strength of extracted bamboo fibres
was evaluated in the current study. The moisture content of bamboo, which previously reported to
vary along the length of culm, was also discussed in the current study. Single fibre tensile test was
carried out on Malaysian bamboo species Bambusa vulgaris, which the results were compared to
other Malaysian bamboo species reported previously. Among five different species, bamboo fibre
of Bambusa vulgaris was found to have the highest tensile strength. In terms of moisture content,
which indirectly presents the hydrophilic nature of natural fibre, this species showed the lowest
moisture content among the five species, in all three different parts of the culm; top, middle and
bottom. The low moisture content is an advantage for this bamboo species to be used in the
hydrophobic polymer matrix composites. However, surface modification is still preferred to be
done in enhancing the fibre-matrix bonding. From the physical and mechanical analyses
conducted, it was found that the Malaysian bamboo species Bambusa vulgaris was preferably to
be used in composites compared to Malaysian bamboo species reported previously;
Dendrocalamus asper, Dendrocalamus pendulus, Gigantochloa scortechinii, Gigantochloa levis.
Keywords: Bamboo fibre; Single fibre test; Moisture content
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Abstract
In recent times, special emphasis has been given to the fabrication of high quality biodegradable
packaging films with improved mechanical, thermal and antibacterial properties by incorporating
different nanofillers into polymeric matrices. Highly abundant, biodegradable and biocompatible
biopolymers like chitosan, starch and cellulose are efficiently used in preparing of nanocomposite
films for packaging application instead of hazardous plastic materials. Biopolymers are also used
as grafting component with synthetic polymers to ensure greater extent of biodegradability and
biocompatibility in packaging film. Herein, a series of biopolymer based bionanocomposite films
were prepared with incorporation of different nano-structured materials by in situ polymerization
or solution casting techniques. The chemical interactions between polymers and nano-sized filler
were studied by Fourier transform infrared spectroscopy (FTIR). The structures of biopolymerbased bionanocomposites were investigated by XRD, FESEM and HRTEM. The quantitative
identifications of bionanocomposite films were investigated by selected area electron diffraction
(SAED). Thermal stabilities of the prepared nanobiocomposites were measured by thermo
gravimetric analysis (TGA) and it was found that thermal stability of the nanobiocomposites was
higher than the virgin biopolymer or biopolymer based polymeric hybrid. The oxygen barrier
property of hybrid polymer/biopolymer based bionanocomposites was measured using a gas
permeameter and a substantial reduction in oxygen permeability due to increase in nano-filler
loading was observed. Further it was noticed that the chemical resistance of the bionanocomposites
was more than the original hybrid polymer/biopolymer. The biodegradability of bionanocomposite
films is slightly reduced with incorporation of nano-structured materials as compared to pure
biopolymers. Hence, the prepared bionanocomposite films may be widely used for biodegradable
packaging applications.
Keywords: Gas barrier, Nano-structured materials, FESEM, Biodegradable properties.
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Abstract
This research explains the physical behaviour of Sugar Palm/Glass fibre hybrid composites. In this
research, sugar palm/glass fibre hybrid composites were fabricated using hand lay-up method. The
aim of this work is to conduct a comparative study on the moisture content, water absorption,
thickness swelling and density between untreated sugar palm/glass fibre hybrid composites and
benzoyl treated sugar palm/glass fibre hybrid composites. The effect of different fibre volume
ratios in hybridization on moisture content, water absorption, thickness swelling and density were
also analysed. The results revealed that 30:70 sugar palm/glass fibre ratio exhibited the highest
density while 100:0 sugar palm/glass fibre showed the lowest density. The results showed that the
density varies on different fibre ratio. Water absorption, moisture content and thickness swelling
of benzoyl treated and untreated sugar palm/glass fibre hybrid composites vary with volume fibres
ratio and soaking durations.
Keywords: Sugar Palm Fibre; Hybrid composites; Benzoylation treatment; Physical properties;
Morphological properties
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Abstract
Compared to synthetic fibres, natural fibres are way more cost efficient and have a lower density.
Even though the strength of natural fibres is lower compared to synthetic fibres, the specific
properties are not that different. This study discusses the flexural properties of a new hybrid
composite material between natural fibre and synthetic fibre. The materials chosen for this research
are kenaf fibre – non-treated and treated with NaOH solution – as well as x-ray film – non-treated
and surface treated with consistent holes. The materials were fabricated using the traditional hand
lay-up method, into 7 layers of kenaf – treated and untreated – as well as alternating layers between
kenaf fibre and x-ray films – also treated and untreated. The specimen was tested by the threepoint bending method using Instron 4204 at a speed of 15mm/min. Even though the test showed
expected problems such as interfacial bonding issues, there are improvements due to treatment and
the hybridization. The specimen showed results of flexural modulus of up to 8.83GPa for treated
fully kenaf configuration and 3.36GPa for alternative configuration with treated kenaf. The higher
flexural modulus is suitable for applications that desire a more rigid structure like a spall linear or
car bumper, while the specimen with the lower flexural modulus is suitable for a more flexible
structure like body armour.
Keywords: Kenaf fibre; Composite; Flexural modulus; Hybrid
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Abstract
Kenaf fibre obtained from the bast of the plant after retting process and manual removal was found
to give better reinforcement quality. Kenaf is produced into various new applications including
paper products, absorbents, building materials, and livestock feed which is diverging from its
historical role as a cordage crop. In this work, the effect of fibre orientation at 0/90°, 30°, 45° and
60° was investigated through tensile test and flexural test. The hybrid composite was fabricated
with 50:50 weight percentage ratio of 200gsm woven glass fibre and woven kenaf fibre. It was
found that 0/90° fibre orientation is superior in both tensile and flexural test compared to other
fibre orientation angles. 30° and 60° fibre orientation gave an almost similar result while 45° fibre
orientation has the lowest strength for both tensile and flexural test.
Keywords: Epoxy; Kenaf fibre; Glass fibre; Fibre orientation; Hybrid composites; Mechanical
properties
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Abstract
Fiber orientation contributes significantly the mechanical properties of the composites. The natural
fiber is a potential reinforcement for the polymer composites which plays major role on the
properties of the materials. This work aimed to study the effect of the glass fiber orientation on
tensile and flexural properties of the jute fiber reinforced hybrid composites. Woven glass and jute
fiber were used as reinforcement for the polyester matrix to manufacture the hybrid composites.
The hand layup techniques were adopted for manufacturing. Tensile and flexural strength of the
composites were carried out as per the ASTM standard procedure with fiber orientation angles of
0/300, 0/450, 0/600 and 0/900. Experimental results found that when increasing the orientation
angle of fiber, tensile strength increases. Fiber orientation angles of 450 shows the highest value of
flexural strength.
Keywords: Glass fiber; Jute fiber; Orientation; Tensile; Flexural properties
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Abstract
Natural fibre and biopolymer-based hybrid biocomposites are receiving growing consideration due
to their biodegradability properties. In order to see the behaviour of biocomposites in outdoor
applications, its environmental degradation properties such as natural weathering properties need
to be analyzed. In this study, coir fibres (CF) and pineapple leaf fibres (PALF) reinforced
polylactic acid (PLA) hybrid biocomposites, pure PLA, pure CF and PALF composites were
fabricated through heat compounding and hot pressing methods. Effect of natural weathering on
tensile properties of PLA, pure CF, pure PALF, and hybrid biocomposites were assessed and
evaluated by Soil Burial tests. Tensile samples of all composites were subjected to natural
weathering for 60 and 90 days at open air condition. The obtained results indicated that there is
reduction in tensile strength and modulus values of hybrid and pure composites due to degradation
of lignin and fibre-matrix interfacial bonding.
Keywords: Coir fibres; Pineapple leaf fibres; Poly lactic acid; Hybrid biocomposite
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Abstract
Aluminium alloy have proven time and again that it is the best suited materials to be employed in
a wide range of applications like aerospace, automotive sectors, defence etc. It is expected that the
exposure of high heat inputs during welding will not affect the strength properties and distortion
in the parts of the above mentioned applications made of Aluminium 1100 series. In this study, an
attempt had been made to investigate the effect of process parameters such as tool speed, tool
linear velocity and downward force on the tensile and flexural strength of friction stir welded
Aluminium 1100 alloy. Nearly 27 number of trials were conducted (33) by varying the process
parameters in order to investigate the temperature distribution during friction stir welding through
Finite Element Analysis tool COMSOL Multiphysics. The optimized parameters were identified
and a confirmation test was conducted experimentally. It was found that there is a strong
relationship between the temperature distribution and the strength properties of the welded
specimen.
Keywords: Epoxy, Friction stir welding, Aluminium 1100, Numerical Simulations, Tensile
Strength, Hardness, Micro structure.
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Abstract
Plastic have been widely used for food packaging applications, which also have been long-proven
to work well to maintain the shelf life of fresh foods (and also other type foods) such as fruits and
vegetables. However, not all the plastic packaging can be recycled whilst they take decades to
degrade. We at BioComposites Centre (BC) are currently working hard to address this issue,
conducting innovative research on bio-based alternatives for high performance applications that
can easily be recycled or composted, which could provide a future solution for food packaging.
Keywords: Food packaging, Plastic packaging
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Abstract
Discussion of the challenges and opportunities for the use of sustainable packaging materials for
packaging of fresh fruit and vegetables that can improve product quality during the supply chain
and provide and an environmentally sustainable end of use disposal method. A range of materials
and application will be discussed.
Keywords: Sustainable packaging
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Abstract
Petroleum-based synthetic polymers have been used as packaging materials for most packaging
products due its features such as softness, lightness and transparency. However, the waste issues
caused by the increasing usage of synthetic packaging has led to a serious environmental impact.
There are many packaging products produced claimed as ‘green’ material but still, the materials
used are not fully from natural renewable resources. Many bio-based polymers composed of only
either the matrix or fibre/filler is from natural renewable resources but still blended with synthetic
compound. For that reason, fully biodegradable biobased polymer or green biocomposites which
is composed of fully degradable natural fibres and biobased polymer are seems to be a great
alternative. It can be naturally degraded and completely return to the environment safely after
usage. Biopolymer is known for its poor mechanical and barrier properties, but it could be
strengthened by embedding reinforcing fibres or fillers. Fibre–matrix bonding is the main concern
in producing biocomposite to accommodate specific expectation for certain design application. A
lot of studies have been done to improvise biocomposite properties by implementing numerous
methods on surface modification. The intention of this review is to determine the latest
development of green biocomposites research and its application for food packaging. It is also
proposed to provide critical information that covers around properties of green biocomposites,
types of available biodegradable polymers and natural fibres, as well as their manufacturing
techniques. Besides, an economic impact and future direction of these materials in food packaging
industry would also be reviewed.
Keywords: Polymer; Food packaging; Review; Economic impact
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Abstract
Increasing of current consumer demand for convenient and high-quality food product leads to the
development of creative approaches in packaging technology. Food packaging plays an important
role in maintaining the quality of packaged food from any chemical, physical and environmental
damage. Among other packaging materials, plastic is the most applicable and has the largest
market in packaging industry due to its special characteristics in terms of performances, excellent
structural properties and aesthetic quality at lower cost. However, the increasing use of plastic
packaging nowadays will create environmental and health risk issues since it is non-degradable
and capable to release toxin to landfill and water supplies. Basically, plastics are made up from
petroleum which is one of the non-renewable sources. It is produces from energy-intensive
techniques that capable to destroy our ecosystem. Usage of biodegradable material is seemed not
applicable as it is more expensive compared to petrochemical-based plastic. Thus, a valorisation
of industrial waste as a raw material for making biodegradable packaging film is a promising
alternative to achieve economic scale with the ‘Green’ concept. To make it become more applicable
like plastic, this packaging film must provide good mechanical strength, non-toxic, compatible
with food and should not cause any changes of origin food condition including colour, undesired
chemical reaction, flavour and aroma. Therefore, this review focuses on the latest advances of
biodegradable film from utilization of industrial waste and their properties are reviewed along with
their potential for application in food packaging industry.
Keywords: Intelligent food packaging; Bio-degradable; Edible film; Valorisation; Industrial
waste
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Abstract
The packaging of food products influences consumer choice when shopping and their willingness
to pay. The basic principle of active packaging is the incorporation of components with special
properties into the polymer material with the aim that the product still retained their original
properties in terms of quality, shape, size and colour when it reached the hand of the end consumer.
The inherent qualities of petrochemical-based polymers such as polypropylene (PP), polyethylene
(PE), polyamide (PA) and polyethylene terephtalate (PET), which could yield various desired
properties such as light weight, high strength and good mechanical performance have been
intensively used as food packaging materials. But the excessive use of these sorts of materials in
the food industry have raised environmental issues which led to the birth of new concept by using
renewable resources for the production of food packaging materials. Significant benefits can be
achieved by switching packaging materials to bio composite materials. The bio composite
packaging has been produced to many different forms, and the usage has started increasing
gradually due to the excellent strength-to-weight ratio; good barrier properties, self-sealing, cost,
environmental and efficiency benefits that can be achieved in the supply chain. Active packaging
concepts aim to extend the shelf life and also to improve the quality of the food. However, since
long shelf-life food products are packed and stored mostly at room temperature and in some cases
under modified atmosphere, the gas barrier requirements are even higher compared to short and
medium shelf-life food products. Due to current ecological challenges, the focus is put on bio
based materials that can be used as a film or coating. Similar to conventional packaging, bio based
and biodegradable packaging must serve a number of important functions including maintaining
the food sensory quality, containment and protection of food. This review article summarizes
various categories of bio polymer based composites and scientific information of various
packaging materials along with their attributes and applications. An overview of the emerging new
aspects of technology for the development of composites with particular regard to their application
as packaging materials was also presented.
Keywords: Renewable resources; Bio Composite; Packaging material
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Abstract
The food processing industry is as diverse just like the raw agriculture items and fixings that it
handles. Accordingly, every food preparing facilities has distinctive prerequisites for recognition
and estimating devices and additionally the number of devices expected to deliver quality
nourishment items effectively. Sensors must not have any such parts that could introduce a danger
in case of the break, nor discharge any harmful reagents under any conditions. This presentation
presents discoveries of an examination on the present status of sensor and innovation for process
control in the food industries. Views on the current market status and capabilities of the available
sensor were obtained from a sample of the food industry and academic research. The findings of
the study show that accurate, reliable, inexpensive and easily maintained sensors are still needed
for the measurement of moisture in solids, freshness, chemical composition, rheological properties
and foreign matter and for soluble solids and humidity.
Keywords: Sensor; Food Industry; Market; Estimation
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Abstract
Phenolic based Pineapple Leaf Fibre (PALF)/ nanoclay hybrid composites was prepared by
dispersing the nanoclay at different loadings (1%, 3% and 5%) by hand lay-up technique. Tensile
and flexural properties of the hybrid nanocomposites were carried out. The obtained results
indicated that the addition of 3% nanoclay in PALF phenolic composites considerably improved
the tensile modulus and flexural strength and modulus of the composites. Whereas improved
tensile strength in the PALF/ nanoclay hybrid composites was observed at the loading of 5%
nanoclay. It can be concluded that hybrid composites can serve as alternative constructional
materials for steel, bricks and cement for Malaysia.
Keywords: Phenolic resin; PALF; Nanoclay; Tensile strength; Mechanical strength
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Abstract
This paper presents some aspects referring to physical properties of jute/kenaf/jute (J/K/J) and
kenaf/jute/kenaf (K/J/K) hybrid composites after exposed to long term water immersion. An
investigation of water absorption and thickness swelling of two hybrid composites and pure epoxy
specimen was carried out and analysed. The specimens were immersed in distilled water for a
period of 49 days and the desired readings were recorded. The calculations were taken at every
odd day for the first week, which is 0, 1, 3, 5, 7 days. The following readings were recorded every
7th day until the completion on the 7th week. The water absorption results showed that J/K/J
absorbed less water compared to K/J/K composites. The thickness swelling also showed similar
behaviour in the investigated composites.
Keywords: Kenaf; Jute; Reinforced epoxy hybrid composites; Water absorption, Thickness
swelling
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Abstract
The aim of the study is to characterize the nanofibrillated cellulose (NFC) extracted from kenaf
bast fiber using high speed homogenizer. The NFC was prepared by applying 10,000, 15,000 and
20,000 rpm for 10, 15 and 20 mins of homogenization process. Morphological observation via
Field Emission Scanning Electron Microscope (FESEM) was carried out in order to observe the
surface morphology of NFC while Fourier Transform Infrared (FTIR) spectroscopy was performed
to determine the changes of the functional groups. Thermogravimetric Analysis (TGA) was done
for thermal decomposition of NFC. Results showed that the diameters of the NFC from kenaf bast
ranged below 100 nm. The Fourier Transform Infrared (FTIR) spectroscopy at peak 1,737 cm-1
showed that lignin and hemicellulose were almost completely removed during the bleaching
process. In addition, thermogravimetric analysis (TGA) displayed 272°C as the highest
temperature for thermal stability of NFC. In conclusion, by controlling the speed during
homogenization process, NFC was successfully obtained. Such NFC can be applied as beneficial
main ingredients in papermaking and packaging industry dedicatedly to mechanical strength.
Keywords: Algae; Nanofibrillated cellulose; Kenaf bast fiber; High speed homogenizer
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Abstract
Fiber reinforced composites are the new age materials which play a major role in the service sector
and engineering field. These materials are tailor-made materials with a different volume fraction
of resin and fibers and the stacking sequence could be made unique for each application depends
on the strength requirement. Therefore, whenever engineers try to use a new configuration the
proposed laminate has to be tested for its mechanical performance. Nevertheless, experimental
testing of each new laminates is a time consuming and expensive process. In this work,
comparative study on the results of the mechanical performance of glass/kenaf and glass/aloe vera
fiber reinforced epoxy composite laminates obtained using both experimental testing and Finite
element Analysis Method (ANSYS 16.2) is done to find the closeness between the results from
the two methods. The laminates are prepared using Vacuum assisted resin transfer molding method
(VARTM) and the tensile and flexural tests are carried out based on ASTM standard. The
comparison of the experimental and FEA method shows that the variation in results is only
between 7 to 3%, proving that the Finite element method is equally effective, less time consuming
and economical for composite analysis.
Keywords: Hybrid Fiber Reinforced Laminates, Mechanical properties, Experimental, FEA
Method, VARTM
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Abstract
Increasing attention has been attracted to biodegradable and eco-friendly bio-composites products.
In addition, many of the bio-sourced monomers are inherently less toxic than those used in
conventional polymers. This current work focused on biodegradable poly butylene succinate
compound with modified tapioca starch and EFB fibre using hot press technique. Mechanical,
morphological and thermal properties were studied in order to select the best parameters in
producing the composite. Tensile and flexural tests were conducted on the composite specimens
in accordance to ASTM D638 and ASTM D790 standards, respectively. From the mechanical
analysis, addition of 10% EFB fiber content increase the values of modulus strength for both tensile
and flexural testing. The tensile strength of composite increases by 0.30 MPa with the increase of
EFB fibre content from 30% to 50%. Meanwhile, the flexural strength of composite containing
30% to 50% EFB fiber increase by 4.3MPa. In addition, SEM analysis shows good interfacial
bonding between PBS, starch and EFB fibre for all fiber addition percentages especially with the
50% fiber addition. Good interfacial bonding will enhance good properties of the compound
material for future application.
Keywords: Poly butylene succinate; Tapioca starch; Mechanical properties; EFB fibre
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Abstract
The effect of physical and chemical treatments of lignin extracted from oil palm empty fruit bunch
(OPEFB) with Trichloromethylsilane (TCMS) via vapour deposition method for subsequent used
as oil-spilled absorbent for waste water were investigated. Beforehand, the lignin was extracted by
soda process method which is delignification with Sodium Hydroxide (NaOH). The lignin was
treated with various time reaction with TCMS. The result revealed that over 94% reduction in
hydroxyl (OH) group was achieved when TCMS was used. Besides, the hydrophobicity behaviour
was improved with time reaction as water contact angle increased from 0° to 128°. Scanning
electron microscopy (SEM) was conducted to examine the structure and morphology of the treated
lignin. Presence of lumps and wavy surface were observed on the fibre. In contrast, native lignin
shows smooth surface. The treated lignin can quickly absorb carotino oil with improvement in oil
capacity compared with raw fiber. As such, good environmental friendliness lignin-treated-TCMS
(L-TCMS) can be considered as potential alternative in oil-spill clean-ups application.
Keywords: Lignin; Trichloromethylsilane; Hydrophobic; Sorbent, Oil spill
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Abstract
In this presentwork, sugar palm nanofibrillated cellulose (SPNFCs) nanocomposites were utilized
as a biodegradable reinforcement material. SPNFCs with different size of diameter/length based
on number of passes (5, 10 and 15 passes denoted as SPS/SPNFCs-5, SPS/SPNFCs-10, and
SPS/SPNFCs-15), were incorporated into sugar palm starch (SPS) plasticizes with glycerol and
sorbitol using solution casting method. SPS and SPS/SPNFCs bionanocomposites were submitted
to biodegradation test by means of soil burial experiment. The biodegradation test shows that SPS
degrades faster than SPS/SPNFCs which lose 85.76% of its weight at the end of 9 days compared
to the SPS/SPNFCs-15 bionanocomposite with 69.89% weight loss. This is due to the high
compatibility between SPNFCs and SPS matrices, which was supported by the field emission
scanning electron microscopy (FESEM).
Keywords: Sugar Palm; Nanofibrillated Cellulose; Nanocomposites; Soil burial degradation
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Abstract
In this work, the dynamic expression for motion of a multi link manipulator with mechanical
flexibility was studied. The hybrid composite material manipulator links are connected in series
and actuated at the joints of multi links. The power was transmitting through the links to the end
effectors to complete the task. The lagrangian techniques of equations were obtained for simulation
study. The equations were transformed into state space model and the matrix was changed into
transfer function which was utilized for the system control optimization. Using time domain and
frequency graphical interpolation analysis to investigate stability of the system through linear time
invariant viewer and controller design for an unstable system was organized. The control
techniques were added to control the tip position of serial flexible links through MATLAB
algorithms. The quadratic optimal regulator was used to find hub angular displacement, flexible
deflection, transient response time and steady state response of a multi link robotic manipulator.
Keywords: Multiple soft links; Polymer composite; Linear time invariant viewer; Control
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Abstract
In this study, active nanocomposite films based on cellulose nanocrystalline (NCC) reinforced
styrylquinoxalin-grafted-chitosan are prepared by solvent-casting process. The structures of the
two styrylquinoxaline derivatives were confirmed by FT-IR, 1H, 13C NMR spectral data and the
study
of
the antibacterial activity
against Escherichia
coli (EC), Staphylococcus
aureus (SA), Bacillus subtilis (BS) and Pseudomonas Aeruginosa (PA) exhibits that they have a
good antibacterial activity against (PA). On their side, the styrylquinoxalin-g-chitosan films are
able to inhibit the growth of (PA) through their contact area without being damaged by the
antibacterial test conditions. The addition of 5 wt.% of NCCs as nano-reinforcements revealed no
change at the level of antibacterial activity but led to an important improvement of the mechanical
properties (more than 60% and 90% improvement in Young's modulus and tensile strength,
respectively) of the modified-chitosan films. Thereby, the present nanocomposite films are
prepared by a simple way and featured by good mechanical and antibacterial properties, which
enhance the possibility to use them as bio-based products for biomedical and food packaging.
Keywords: Nanocrytalline cellulose; Food packaging; Nanocomposites
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Abstract
Food contamination leading to food spoilage especially due to microbial contamination can happen
during slaughtering, processing, packaging and shipping. The challenge of the fresh foods is their
limited storage life and their association with food-borne disease outbreaks, resulting in continuing
commercial pressures to use synthetic chemicals as preservatives. However, reports on chemical
preservatives as having potential toxicity effect demand food manufacturers to find alternative
sources of antimicrobial for innovative techniques such as antimicrobial packaging. In Peninsular
Malaysia, 1200 species of higher plants and 2000 species in Sabah and Sarawak were reported to
have potent medicinal properties and have been used against pathogenic microorganisms.
Therefore, selected Malaysian plants such as Kesum, Ulam raja, Pegaga, Cekur, Kunyit,
Senduduk, Mengkudu, Daun Kari, Daun limau purut, Bunga Kantan, Serai and Lengkuas have
been screened in details by researchers for their potential to inhibit growth of microbes and the
major compounds that can act as antimicrobial agents. The major groups found in the selected
plants that are responsible for the antimicrobial activity are phenolics, phenolic acids, quinones,
saponins, flavonoids, tannins, coumarins, terpenoids and alkaloids. These compounds showed
inhibitory effect on various microorganisms such as Staphylococcus aureus, Bacillus subtilis,
Pseudomonas aeruginosa, Escherichia coli and Candida albicans. The potential plant extracts can
be incorporated as antimicrobial packaging where it can be applied in two ways, either direct
application (active, intelligent, biodegradable and nanocomposite packaging) or as edible
coatings/films. Even though plants extracts with medicinal properties are gaining interest for their
antimicrobial properties, however study on incorporation of the extracts into biodegradable films
as antimicrobial food packaging is very limited. The advantages of using biodegradable film with
antimicrobial agent plants for food products are in term of its safety and ability to extend the shelf
life. Besides, it can also reduce the conventional plastics packaging waste which contribute to the
environmental pollution.
Keywords: Antimicrobial, Malaysian plants, Plant extracts, Active Food packaging
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Abstract
This study was aimed to assess the effects of natural antimicrobial agent incorporation in
biodegradable polylactide (PLA) polymer. The natural antimicrobial agent, ginger oil was
extracted using supercritical fluid extraction with CO2 as solvent at 90oC, 4807 psi and the oil yield
obtained was 3.63 dry weight %. PLA films were prepared by solvent casting method and
incorporated with ginger oil at different concentrations (1, 2 and 3% v/w). The resulting films were
examined in term of thickness, opacity, colour, water vapour transmission rate (WVTR), tensile
strength, % elongation-at-break (%E) and antimicrobial activity. The results show that the physical
and mechanical properties of PLA films were affected significantly by the concentrations of ginger
oil added. Increase concentration of ginger oil caused an increase in WVTR, %E, opacity and +b*
(yellowness). However, it decreases the films tensile strength, L* (lightness) and –a* (greenness)
values. The result also shows that the thickness of PLA was not affected by the amount of ginger
oil added. The PLA/ginger oil films with 3% v/w concentration exhibited antimicrobial activity
against both E. coli and S. aureus food pathogens. These results suggest that the biodegradable
PLA/ginger oil film has potential as an antimicrobial active packaging system for maintaining food
safety hence extending the shelf-life of packaged food.
Keywords: Antimicrobial packaging; Biodegradable packaging; Ginger oil; PLA
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Abstract
Recently, food safety is a big issue and therefore finding the potential sources for new
antimicrobial agents is a growing interest in the food industry. In food packaging, antimicrobial
agents add up to the barrier properties of the materials to improve food safety and shelf life. The
antimicrobial properties of herbs are well known, however, their application in biodegradable films
is limited. In this study, antimicrobial activity of ethanolic crude extracts and essential oils of two
aromatic Malaysian herbs, namely Persicaria hydropiper (kesum leaves) and Murraya koenigii
(curry leaves) were determined against Staphylococcus aureus (ATCC 6538P) and Escherichia
coli (ATCC 12229) using disc diffusion and time-kill assays. Their potential as an antimicrobial
agent in poly (butylene succinate) (PBS) films which was prepared using solvent-casting method
was also determined. By disc diffusion assay, ethanolic crude extracts and essential oils of both
herbs showed antimicrobial activity against only Staphylococcus aureus with 6.5 – 21 mm and 7.0
– 11 mm inhibition zone, respectively, where ethanolic crude extracts showed better activity
compared to the essential oils. However, time-kill assay results showed that ethanolic crude
extracts of both herbs studied possessed bacteriostatic effect against Staphylococcus aureus.
Incorporation of ethanolic crude extract of curry leaves in the PBS film showed the most effective
antimicrobial activity against Staphylococcus aureus with 9 mm inhibition zone than those films
containing kesum crude extract, kesum essential oil and curry essential oil. The results of this study
suggested that the curry crude extract might be a potential candidate to be used as antimicrobial
agent in food packaging.
Keywords: Antimicrobial; Malaysian herbs; PBS film; Crude extracts; Essential oils
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Abstract
Carbohydrate polymers are abundant in the environment, and can be derived from various sources.
Chitin is one such example of a biodegradable polymer and it is the second most abundant
carbohydrate polymer in nature. Chitosan is the deacytelated form of chitin and has been explored
as an edible coating for fresh produce. It has demonstrated potent antimicrobial properties, when
applied as an edible coating. Another source of biodegradable polymers is gum arabic, which is
obtained from botanical sources, the Acacia tree of Africa. Gum arabic possesses good
emulsification and film-forming properties, which allows it to be applied as an edible coating on
the surface of fruits and vegetables. This creates a modified atmosphere around the fresh produce,
delaying the ripening of the produce. The combination of gum Arabic and chitosan in a formulation
as an edible coating can exploit the antimicrobial properties of chitosan as well as the ability of
gum Arabic to modify the atmosphere around the fruits and vegetables. It has been applied on a
variety of tropical fruits, such as papaya and banana, and effectively extended the postharvest shelf
life of these commodities. The coating delayed fruit ripening as well as resulted in decreased
disease incidence, such as the devastating tropical disease, anthracnose. Effective control of
anthracnose was achieved by application of chitosan at the concentration of 1.5%, in combination
with gum Arabic at a concentration of 10%. Gum Arabic has since been explored as a carrier for
natural antimicrobial compounds such as cinnamon essential oil and propolis. These combinations
successfully maintained the quality of the fruits it was applied on, and minimised disease
incidence. The versatility of these natural polymers and their successful applications in various
combinations as edible coatings provide a sustainable means of controlling food losses in an
environmentally friendly and economic manner. In this session, Asgar will discuss the potential
effect of chitosan coating on delaying ripening, extending postharvest life and reducing
anthracnose disease of papaya fruit during storage.
Keywords: oil palm empty fruit bunch, chemical pulping, mechanical pulping, pulp and paper
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Abstract
The objective of this work is to study the water absorption behaviour on the gamma irradiated
Kevlar/Oil Palm EFB hybrid composites. Hybrid composites were prepared using hand lay-up
method. Different layering sequence of hybrid composites were fabricated which is Oil Palm
EFB/Kevlar/ Oil Palm EFB (OP/K/OP) and Kevlar/Oil Palm EFB/Kevlar (K/OP/K). Then, the
samples were irradiated with gamma radiation with doses of 25 kGy, 50 kGy and 150 kGy. The
results showed that for both layering pattern the water absorption for non-irradiated hybrid
composites absorbed more water than irradiated hybrid composites. Water uptake for nonirradiated K/OP/K is 45% and with radiation is 18% at 50 kGy. Hybrid OP/K/OP that is not
irradiated absorbed less water which is 22% as compared to the same hybrid but with radiation
only 15%of water being absorbed at 50 kGy. The results showed that irradiated hybrid composites
absorb less water compared to non irradiated hybrid composites. This suggest that crosslinking
took place due to the radiation. This implies that with radiation of certain dose could improves the
water absorption properties of the Kevlar/ Oil Palm EFB hybird composites.
Keywords: Water absorption; Hybrid composites; Gamma radiation
_______________________________________________________________________________________________________________________

*Corresponding author.
E-mail address: madiha.golden.roses@gmail.com

54

Effects of Inclusion of Graphene on the Mechanical Properties of
Polymer Nanocomposites: A Review
Nur Aqilah Sairya*
a

Faculty of Engineering, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia

_____________________________________________________________________________________

Abstract
Graphene is a monolayer of sp2-hybridized carbon atoms arranged in a two-dimensional lattice.
Introduction of graphene-based nanomaterials has prompted the development of flexible
nanocomposites for emerging applications in need of superior mechanical, thermal, electrical,
optical, and chemical performance. Due to its various intriguing properties, it has gained
significance as filler in nanocomposites. In this review, we discuss about the effects of inclusion
of graphene nanofiller on the mechanical properties of nanocomposite.
Keywords: Algae; Graphene; Mechanical properties; Nanocomposites; Review
__________________________________________________________________________________________________________________________
*Corresponding author. Tel: +603 8946 7010; fax: +603 8947 1895
E-mail address: qilaasairy@gmail.com

55

The Effects of Different Length of PALF on Tensile Properties of
Random Oriented Composites
Ali Ahmad Mazlana
a

Faculty of Engineering, University Putra Malaysia, 43400 UPM Serdang, Selangor Darul Ehsan, Malaysia

_____________________________________________________________________________________

Abstract
Pineapple (Ananas Comosus), is one of the most essential tropical fruit in the world and abundantly
available as waste material in India. Until today, the use of pineapple leaf fibres (PALFs) is still
limited due to lack of information and facilities available to process the pineapple leaf into
potential materials in various applications. A detailed study on the mechanical, thermal, chemical
and other properties of PALFs is still on going in every part of the world to improve the PALFs
utilization in various applications. This paper covered the tensile properties of PALFs reinforced
vinyl ester composites. Three types of composites composed of different length of PALFs, which
were short, long and mix fibres, were fabricated using the moulding technique. These composites
were then evaluated on their tensile properties according to ASTM D3039. The results indicate
that PALF composites with long fibre have the highest tensile strength and modulus of 25.77 MPa
and 2.8 GPa, respectively. The short PALF composites show the lowest tensile strength and
modulus of 25.36 MPa and2.58 GPa respectively. Significant difference in the values of tensile
strength and modulus shows that the length of fibres is one of the important factors affects the
properties of composites. The results lead to a conclusion that longer fibres help to transfer stress
better in composites compare to short and mix fibres
Keywords: Pineapple leaf fibres; Tensile properties; Random oriented composites
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Abstract
Jackfruit waste such as straw and skin are normally disposed as waste by food industries and
vendors which may lead to serious environmental issue. The utilization of jackfruit waste
generated by jackfruit (Artocarpusheterophyllus) shows potential as a new low cost filler for
starch-based edible films and coatings in order to reduce the wastage and negative effects to
the environment. The objective of this study was to examine the mechanical and thermal
properties of the jackfruit waste powder (JWP)/starch films as a function of JWP and plasticizer
contents. Edible film-forming solutions were prepared and cast by mixing JWP with tapioca
starch at different ratios and loadings of plasticizer. The tensile strength as well as toughness
of JWP/starch films pronouncedly increased with increasing starch content, accompanied with
a slight decreasing in elongation at break. The results implied that JWP interacted with starch
synergistically, resulting in the formation of a new network to improve the mechanical
properties of JSP films. FTIR spectrum analyses demonstrated the presence of hydrogen
bonding in the JWP/starch film. The tensile strength of the plasticized JSP/starch films
decreased with increasing plasticizer content from 15% to 40%. Thermal analysis by
thermogravimetric showed an increment in the decomposition temperature with the addition of
plasticizers into JWP/starch films. The results suggest that films containing JWP and starch
have the potential for the development of edible food packaging materials.
Keywords: Jackfruit waste; Starch; Starch-based edible films; Mechanical properties
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Abstract
Zinc oxide was successfully biosynthesized via in situ method on bamboo bleached pulps.
Biosynthesis is known as green chemistry technique due to its acceptable cost and effectiveness
in synthesizing particles using lower pressure. Phenolic content is said to act as reducing agent
in biosynthesizing zinc oxide. Hence, a study was carried out by varying the volume and
concentration of extracts, and also temperature during biosynthesis the zinc oxide. The study
has fixed 4 hours as the duration to allow formation of particles. Firstly, the algae powder was
boiled and extracted prior to addition of precursor. In order to observe the morphology of pulps,
FESEM-EDX was used. Confirmation regarding chemical composition was done using XRD
while antimicrobial test was conducted to study the antimicrobial activities. Results of FESEMEDX exhibited that the sample contained zinc oxide which has 0.18% to 34.08% (by weight)
of zinc and from 17.45% to 44.31% (by weight) of oxygen. The chemical composition is
confirmed via results of XRD. The antimicrobial properties was shown by applying 3 types of
bacteria; Staphylococcus aureus (ATCC 43300), Salmonella choleraesuis (ATCC 10708) and
Escherichia coli (ATCC 25922). The findings proved that factors in terms of volume and
concentration of extracts, and also temperature during biosynthesis the zinc oxide affected
greatly the process of biosynthesis.
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Abstract
Oil palm empty fruit bunches (OPEFB); one of the natural lignocellulosic fiber has the potential
to be used as a raw material in papermaking industry. This paper determined the pre-treatment
effect of sodium hydroxide on the properties of OPEFB pulp and paper. OPEFB fibers were go
through mechanical pulping process after the alkaline pre-treatment with the concentration
ranged between 0.01 - 0.10, and soaked for 24 hours with no heat applied. The produced pulp
were formed into papers and the morphological properties, mechanical properties, physical
properties and optical properties were determined. Results shows that pre-treatment with
sodium hydroxide affect the folding endurance up to 9%. As result, the paper produced is align
in paper usage for light duty. This paper was intended to provide useful information on the
utilization of OPEFB by using chemi-mechanical pulping technique that carries a great
potential in paper and packaging industry.
Keywords: OPEFB; Pulp and Paper; Chemi-mechanical pulping; Alkaline pre-treatment
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Abstract
There are various ways to improve the properties of composites such as chemical treatment,
plasma treatment, rare earth treatment etc. Ionising radiation is also one of the methods that
can be used to improve the properties of the materials. The ionising radiation could be from
gamma radiation or Electron Beam Machine (EBM). However, this paper focused on the effect
of gamma radiation on the properties of composite materials. This paper provides a review on
physical changes of composites after being irradiated with gamma radiation. The physical
changes involved in this review including tensile, flexural and compression properties. From
the review, some advantages were identified after being irradiated to gamma radiation where
the exposure to gamma radiation helps to improve the properties of the composites.
Keywords: Gamma irradiation; Electron beam machine; Composites; Review
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Abstract
Nowadays, the commercial value of agro waste materials is widely studied and has been
utilised in many applications. Pineapple leaf is known for having good mechanical properties.
It has a comparable tensile strength with other fiber sources such as ramie, jute, hemp, and
sisal. In this present work, acid-hydrolysed cellulose was prepared from the pineapple leaf. The
obtained celluloses were characterised using SEM, XRD, TGA, and FTIR techniques. The
cellulose has diameter range between 111.6 to 500.7 nm. The highest value recorded for the
crystallinity index and thermal stability was 69.30% and 337°C, respectively. FTIR spectral
confirmed the acid hydrolysis treatment contributed to the removal of amorphous segments.
Based on these initial findings, the cellulose produced from pineapple leaf using acid
hydrolysis treatment has great potential applicability in future studies. Thus, acid hydrolysis
process parameters that have a significant impact on the characteristics of cellulose from
pineapple leaf need to be identified and investigated.
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Abstract
After the oil refining process, oil palm empty fruit bunch (EFB) with high distribution of short
fibre was left behind as abundant waste. Thus, supporting agent is needed to enhance the
mechanical strength of paper produced from EFB. The aim of this research was to investigate
the effect of incorporating different percentage of microcrystalline cellulose (MCC) (0, 3, 6
and 9%) with EFB fibres prior to different beating levels. The standard method in producing
hand-sheet was applied in this study. The optimum percentage of MCC with different level of
pulp beating was determined based on the strength the paper produced. Results shows that the
physical properties in terms of porosity was decreased while the opacity was increased for
papers from EFB with addition of MCC. In term of mechanical properties, the result indicated
that the paper produced with 6% addition of MCC for both beating level were improved
especially on the tensile strength. FE SEM image displayed the morphological arrangement of
paper surface that were beaten and added with MCC. As the result of refining, fibre shape was
changed from tubular to flat. In conclusion, all the properties of hand-sheets were improved
with less than 6% MCC addition.
Keywords: Microcrystalline cellulose; Oil palm empty fruit bunch, Paper strength, Kraft
paper, Beating
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Abstract
Nanocellulose is cellulosic material having one of its dimensions (length or diameter) in
nanoscale. Nanocellulose has been listed as focused nanomaterial in the 11th Malaysia Plan
under strategic research. Nanocellulose can be categorized into cellulose nanocrystalline (CNC)
and cellulose nanofiber (CNF). Cellulose nanofiber (CNF) shows outstanding properties such
as extraordinary strength, high stiffness, and high crystallinity. Many of the high-performance
characteristics of CNF are caused by its high surface area. All of these good properties impart
CNF to be used in several applications ranging from consumer products to high-tech industrial
applications. CNF are widely used in medicine and pharmaceuticals, electronics, composites,
membranes, porous materials, paper, and food because of their functionality, biocompatibility,
biodegradability, and sustainability. Oil palm biomass (OPB) which is abundant in Malaysia
has high potential to be converted into nanocellulose. Nevertheless, current production method
of CNF requires complex processes and uses harsh chemicals. Wet disk milling (WDM) is a
non-chemical method for CNF production, with the advantage of being simple and fast. We
have developed an appropriate and efficient method which involves the use of superheated
steam (SHS) and WDM for CNF production from OPB. Based on our current findings, the
CNF produced from OPB by this method has an average diameter size of 40nm. Reinforcement
of the CNF in polymeric materials such as polypropylene, polyethylene and polylactic acid
managed to improve the mechanical properties of composite materials substantially as
compared to neat polymer. In a nutshell, the ability to produce CNF from OPB will promote
the use of OPB for a new high-end product, with the potential of new industry creation and
eventually contributing to the economic growth.
Keywords: Oil palm biomass; Cellulose nanofiber; Wet disk milling; Cellulose
nanocrystalline
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Abstract
Particleboard fabricated from agricultural and plantation wastes are gaining favour as the
shortage of wood supply worsen over years. Oil palm trunk (OPT) as leftovers of the replanting
activities could be an ideal raw material for particleboard fabrication. However, the inherit
dimensional instability and poor biological of the OPT is a major drawback limits the
application of OPT particleboard. Oil heat treatment as a non-toxic and environmentally
friendly wood modification method might serve as an excellent treatment procedure in
enhancing the properties of OPT particleboard. Chemical, thermal properties, surface
characteristics, termite resistance and physico-mechanical properties of urea formaldehydebonded oil palm trunk particleboard after treated with combination of heat and palm oil were
assessed. Oven dried samples were soaked in palm oil for 24 h and exposed to temperature of
180, 200 and 220 °C in a laboratory oven for 2 h. Chemical changes and thermal properties
analysis of the OPT particleboard were investigated using Fourier transform infrared
spectroscopy (FTIR) analysis and Thermogravimetric (TG) analysis, respectively. Evaluation
on the surface characteristics, resistance against subterranean termite (Coptotermes
curvignathus) and physico-mechanical properties of the OPT particleboard were also
conducted. Oil-covered particles as shown in SEM give the particleboard lower water uptake.
Treated samples also possess better thermal stability and better resistance against termites as
the weight loss caused by termites reduced from 25.6% to 11.0%. Generally, improvement in
dimensional stability accompanied by severe reduction in mechanical strength were recorded
in the treated samples.
Keywords: Oil palm trunk; Palm Oil; Biological durability; Dimensional stability
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Abstract
The study aimed to investigate the effect of different styrene butadiene latex (SBR)
concentrations (0-25%) on the physical and water resistance properties of gelatin films. Styrene
butadiene latex/gelatin (SG) films were prepared by using solvent casting method and its
thickness, glossiness, water vapour permeability and solubility were analysed. Addition of SBR
significantly (p≤0.05) reduced film’s glossiness and water vapour permeability but caused no
significant (p>0.05) changes to its thickness. The solubility of SG films decreased, however,
the effects were only apparent (p≤0.05) at higher SBR concentration (15%). Fourier transform
infrared (FTIR) spectra showed a positive interaction between the gelatin matrix with the SBR
and the X-ray diffraction (XRD) analysis indicated that SBR of increasing concentration
improved the crystallinity of SG films. In conclusion, an addition of SBR affect the
physicochemical properties of gelatin films, but the SBR concentration did not influence the
differences.
Keywords: Styrene butadiene latex; Gelatin; Biocomposite films; Physicochemical properties
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Abstract
This research investigated the effect of Graphene nanoplatelets (GnP) on the interlaminar shear
behaviour of hybrid Kevlar/cocos nucifera sheath reinforced epoxy composites. Initially
different wt. % (0, 0.25, 0.50, and 0.75) of GnP were mixed into the epoxy resin through
sonication. Then the laminated composites were fabricated by hand layup method followed by
hot compression moulding with 105◦C temperature at 275 bar pressure for 1 hour. The ratio of
Kevlar(K) and cocous nucifera sheath(CS) varies in weight fraction of 100/0, 75/25, 50/50,
25/75, 0/100. Interlaminar shear strengths (ILSS) of different laminates were evaluated using
short beam interlaminar shear test. The results shows that at 0wt % of GnP the ILSS of hybrid
composites (K75/CS25) was higher among the laminates. At 0.25 wt. % of GnP content the
laminated composites has shown improvement in the interlaminar shear strength. Further
addition of GnP (0.50, and 0.75 wt. %) has declined the interlaminar shear strength. Failure
analysis of the samples indicated that the top layer is subjected to compression while the bottom
lamina is subjected to tensile mode of failure. The laminates were failed through a combination
of matrix cracking and fiber/matrix delamination. Statistical analysis of the results has been
conducted using one way-ANOVA (Analysis of variance) and it shows that there is a statically
significant difference between the obtained interlaminar shear strength of the laminated
composites
Keywords: Kevlar; Cocos nucifera sheath; grapheme nanoplatelets; interlaminar shear
strength;epoxy.
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Abstract
Food packaging is an essential part of modern society; for differentiating items and attracting
consumer attention. Packaging is now treated as one of the most influential factors concerning
consumer purchase decision at the point of purchase. One of the factors that may influence
purchase decisions is packaging material. Research indicates that consumers expect all
packaging to be environmentally friendly or packaging that can be recycled and reused more
easily. This paper presents the results of a survey to modern working women as consumers,
and their attitudes to food packaging and its importance. Two main concerns were evaluated
based on their purchasing decisions; environmental and functional characteristics of the
packaging. The objective of this paper is to assess their purchasing behaviour which influenced
the environmental issue caused by food packaging. This survey deals with; (i) consumers’
purchasing pattern, and (ii) food packaging preferences. Modern working women aged between
30 to 50 years old were targeted as they are the primary decision maker for the household items
and food choices. The paper concludes with a discussion of the implications of the results for
future policy and guidelines on food packaging in Malaysia specifically.The results of this
study also will provide important insights to marketers and food manufacturers in adopting an
appropriate packaging strategy for processed foods in the Malaysian market.
Keywords: Packaging; Purchase decision; Consumer; Food industry; Working women
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Abstract
Generally, cellulose II is more chemically reactive and thermally stable than cellulose I due to
its lattice rearrangement during conversion treatment. With these advantages, cellulose II offers
properties improvement when incorporated with matrix. The application of bio-based PU
enhanced with modified nanocellulose fiber will offer a new environmentally friendly
alternative raw material. A biopolyurethane nanocomposite film from different polymorphs
(cellulose I and II) of nanocrystalline cellulose (NCC) and Jathropa oil-based polyurethane
(JOPU) were prepared. Polymorph transformation via mercerization technique was conducted
on wood pulp-based microcrystalline cellulose prior acid hydrolyzed to produce NCC fibers.
NCC of different polymorps were then incorporated in Jathropha-oil polyol and 4,4’-diphenylmethane diisocyanate (MDI). Dimethylformamide (DMF) was used as an organic solvent to
disperse NCC fiber prior incorporated with JOPU at different ratios. Biopolyurethane
nanocomposite films were prepared by casting in Teflon petri dish and cured in vacuum oven.
The thermal properties of the films were determined using differential scanning calorimetry
(DSC), thermogravimetric analysis (TGA) and dynamical mechanical analysis (DMA)
respectively. The analysis showed that different polymorph of NCC had a significant effect on
most of thermal properties of film produced.
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Abstract
Rice husk is one of the main residues from paddy harvesting and milling processes. Recently,
much attention has been focused on the utilization of agricultural waste plant biomass such as
rice husk for composite materials. Apart of high amount produced worldwide, rice husk has a
dominant position among the agricultural wastes due to their great properties. The treatments
or modifications of fibre surface properties typically increase the adhesion properties of fibres
and polymers. Based on the previous studies, chemical treatments consider as one of most used
methods for the surface treatments of agricultural fibres. This paper provides an overview on
the effect of chemical treatment on the properties of rice husk reinforced polymer composites
(RHRPC). Rice husk polymer composites with different chemical treatments and polymers
were compiled and their basic properties were reported. Various types of chemical treatments
such as alkali, silane, benzylation, acetylation, isocyanate and peroxide that applied on rice
husk polymer composite and its effect on physical and mechanical properties were investigated
based on previous literatures.
Keywords: Rice husk; Chemical treatment; Reinforce polymer composite; Polymer matrix;
Physical and mechanical properties
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Abstract
Ash related operational problem is one of the most prominent issues in using lignocellulosic
biomass as solid biofuel. This study evaluates the effect of kaolin and calcite addition as fuel
additives on the ash melting characteristic and heating value of the oil palm biomass (empty
fruit bunch and oil palm trunk). Both additives significantly improved the ash melting
characteristic of the oil palm biomass. While the concentrations of additives act as a variable
to increase the sintering temperature, it also had strong impacts on higher heating value
reduction and ash content increment. Kaolin reduced the sintering degree of the ashes with the
formation of inorganic elements mixtures mostly detained in the ash sediments. In compare,
the presence of calcite helped to increase the ash melting temperature but at the same time
induce higher concentration of fly ash in the flue gas. Overall, kaolin is more efficient than
calcite to decrease the sintering degree of the ashes from molten to loose with the measure of
0.5 g/g ash while calcite require higher dose (at the dose higher than 0.7 g/g ash) when
combusted at 1000 °C.
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Abstract
Growing substantial demands for lightweight and cost-effective materials to improve
environmental friendly outcomes by reducing its costs and by using natural materials towards
environmental friendly production. Natural fibres develop many options to substitute synthetic
fibres in composite industry. However, due to the certain limitations of natural fibres such as
moisture absorption, low density and strength, it has been reinforced along with synthetic fibres
to transforms their limitations into advantages. Hybrid composites are reasonably high in
strength, low in weight and environmental friendly. Moreover, kenaf/glass fibre/epoxy hybrid
composites approached the quality performance and are hybrid composites approached the
quality performance and are gaining huge attraction by many researchers. Present, article
highlights the reported research focusing on kenaf fibre and glass fibre properties besides this
also provide valuable insight on their epoxy-based hybrid composites as advanced materials
for varied applications. It also reviewed physical and mechanical properties of kenaf/glass fibre
epoxy hybrid composites for product development in environmentally friendly technologies.
Keywords: Kenaf Fibre; Glass fibre; Epoxy polymer; Hybrid composites; Application of
hybrid composites
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Abstract
Bleached kenaf core pulps (BKC) were hydrolyzed in H2SO4 (0.5M) at different time (0 min
to 90 min) at room temperature. The hydrolysed BKC was then dissolved in NaOH:urea:water
and LiOH:urea:water mixed solvent at the ratio of 7:12:81 and 4.6:15:80.4, respectively. From
the results, the viscosity average molecular weight (Mŋ) for BKC sample was reduced from
14.5×104 to 2.55×104 after the hydrolysis process. The increased in hydrolysis time has
decreased Mŋc of cellulose leading to easy dissolution process. Regenerated membrane with
higher porosity and transparency with lower crystallinity index (CrI) was obtained with the
reduction of Mŋ. The properties of membrane were analysed using FE-SEM, UV-Vis
spectrophotometer and XRD. This study has proven that acid hydrolysis able to reduce the Mŋ
of cellulose, thus, enhanced the properties of regenerated membrane produced with the assist
of alkaline/urea soaking medium.
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Abstract
This paper described about the modeling, meshing and the analysis techniques for an FRP Spur
Gear. Effort has been taken to develop the tooth profile involute as well as the fillet region by
modeling software CATIA. These models were then imported to analysis software Ansys for
the proposed stress analysis. The main aim of this study was to model a standard and profile
corrected spur gear pair for Polyamide 6 plastic material reinforced with glass fiber. The gear
ratio was assumed as 1.5 with a module of 10 and correction factor of 0.43 and 0.5. S0 were
used. The dimensions of the models were developed from theoretical calculations. The further
objective was to make a low density spur gear component that are strong and stiff. Improvement
on the properties were evaluated in creep, wear, fracture, toughness, thermal stability etc.
Results were obtained for Material Steel, PA6 and PA6 + 30 % GF. Both the profile were
corrected and standard spur gear pair were modeled for the said materials with different number
of teeth. The variation of stresses were also studied. A satisfactory result was obtained for spur
gear addendum modified pair with PA6+ 30% GF. The directional deformations were also
found to be good for the addendum modified FRP material spur gear tooth on comparison with
PA6 material. Displacements were observed at the highest contact line. It was proved that FEA
can be one of the technique to be used for predicting static and dynamic loads acting on a gear
tooth.
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Abstract
A natural fiber composite is gaining high demand to replace existing synthetic fiber composites.
As compared to synthetic fiber, natural fiber has its advantages such as abundant, renewable,
cost effective, lightweight, and biodegradability. Therefore, natural fibers such as jute, kenaf,
sisal, hemp and flax have been used in the engineering production field. Kenaf is one of the
natural fiber that is easily grown and harvested. Many researches were conducted on kenaf with
different matrix or resin to investigate the performance of kenaf composite in terms of
mechanical, physical and thermal properties. The selection of resin is very crucial to properly
suit with the application. Besides that, additional treatment on the kenaf fiber is reported to
enhance the mechanical properties. In this review, fabrication technique in composite was
discussed in detail. These findings create new opportunities and challenges to apply the
research product in recent engineering application. In future, kenaf composite is expected to be
manufactured as fire retardant in aerospace engine compartment, food tray in airplane and wind
turbine blade.
Keywords: Biocomposite; Natural fibre; Kenaf fibre; Jute fibre; Composite materials;
Aerospace application; Automotive application
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Abstract
The application of wind energy is getting popular and progressively imposed in certain
countries as a renewable energy sources. The technology is kept updating and enhancement on
the power efficiency become vital focus. Besides that, the monitoring of structural integrity in
wind turbine system becoming new focus due to time and cost incurred during the operational
of wind turbine. The existing method required high cost in term of human resources and time
consuming especially when the system facing sudden catastrophic failure. The catastrophic
crash may occur when the process is failed to detect early microcrack in the turbine structure.
Therefore, the application of structural health monitoring (SHM) system which is operate in
real time monitoring and detecting microcrack is becoming crucial. The latest research and
finding on the SHM in wind turbine system is presented in this chapter. Besides that, a new
approach of micro energy harvester in SHM is reported as well. This approach may offer new
idea and technology which need further enhancement for the real application. Moreover, the
recent technology and research trend on Vertical Axis Wind Turbine (VAWT) is highlighted
due to it’s capability to operate in low wind velocity area.
Keywords: Vertical Axis Wind Turbine, Structural Health Monitoring, Structural Integrity,
energy harvester, natural fibre
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Abstract
In this present work, sugar palm nanofibrillated cellulose (SPNFCs) nanocomposites were
utilized as a biodegradable reinforcement material. SPNFCs with different size of
diameter/length based on number of passes (5, 10 and 15 passes denoted as SPS/SPNFCs-5,
SPS/SPNFCs-10, and SPS/SPNFCs-15), were incorporated into sugar palm starch (SPS)
plasticizes with glycerol and sorbitol using solution casting method. SPS and SPS/SPNFCs
bionanocomposites were submitted to biodegradation test by means of soil burial experiment.
The biodegradation test shows that SPS degrades faster than SPS/SPNFCs which lose 85.76%
of its weight at the end of 9 days compared to the SPS/SPNFCs-15 bionanocomposite with
69.89% weight loss. This is due to the high compatibility between SPNFCs and SPS matrices,
which was supported by the field emission scanning electron microscopy (FESEM).
Keywords: Sugar Palm; Nanofibrillated Cellulose; Nanocomposites; Soil burial degradation
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