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Malaysia is the second largest producer of palm oil in the world with more than 100 
million tonnes of oil palm fresh fruit bunches being processed annually. From this 
amount, only 24% is crude palm oil and the rest are mainly lignocellulosic biomass. 
Other than biomass, palm oil industry has a valuable untapped resource which is excess 
steam, generated from boiler fueled with oil palm biomass (OPB). These two resources 
are the key resource in cellulose nanofibrils (CNF) production as generally, the 
mechanically processed CNF requires high energy for its production. In this study, CNF 
from OPB was produced using a lab scale wet disk mill (WDM) and characterized for 
their morphological, thermal stability and crystallinity properties. The CNF produced 
had average width of less than 10 nm when observed using a TEM, crystallinity between 
50 – 60 % and thermally stable up to 350 C. Superheated steam (SHS) was used as a 
method of pretreatment prior to the WDM processing to improve the productivity. It 
was found that the productivity of the CNF improved by more than 100% after the 
cellulose was treated with SHS. Our results showed that SHS is an efficient pretreatment 
method to improve productivity of CNF. With the integration of resources available from 
the palm oil industry, it is foreseen that sustainable CNF production can be realized in 
Malaysia.       
 
Keywords: Cellulose nanofibrils, oil palm biomass, productivity, superheated steam, wet 
disk mill 
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Economic and environmental concerns lead the researchers to discover and develop 
sustainable and renewable materials derived from natural resources. The abundantly of 
natural fibre like sugar palm fibre have attracted the researcher to study the 
performance as reinforcements and feasibility for making structural components. 
Therefore, the aim of this research is to investigates the effect of fibre hybridisation for 
sugar palm yarn fibre with carbon fibre reinforced with epoxy composites. In this work, 
epoxy composites are reinforced with varying fibre loads of 5wt.%, 10wt.%, 15wt.% and 
20wt.% were prepared using a hand-layup process. For the hybrid composites, the ratio 
between the matrix and reinforcement was selected at 85/15wt.% and 80/20wt.%, 
respectively, while, the ratio between the sugar palm yarn and carbon fibre is 
50/50wt.% and 60/40wt.%, respectively. The mechanical properties of the composites 
were characterised in terms of flexural test and torsion test as according to ASTM D790 
and ASTM D5548, respectively. The experimental results revealed that the highest 
flexural properties and torsional properties of the composites were recorded from 
15wt.% of fibre reinforcement. The hybridisation of sugar palm yarn fibre with carbon 
fibre at 85/15wt.% reinforcement with 60/40wt.% of fibre ratio had increased the 
flexural strength about 36% while reduced the torsion properties. 
 
Keywords: Sugar palm fibre, yarn, hybrid, epoxy, flexural, torsion 
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Preliminary studies showed that the use of NFC as filler in UHMWPE could increase 
Young’s modulus of neat UHMWPE. However, melt processing of UHMWPE 
biocomposite is constrained by its extremely low melt flow index and high viscosity, 
causing incorporation of any type of filler to be greatly complicated. Without proper 
blending, poor dispersion and agglomeration can act as localized stress concentration 
site leading to cracks and rupture under stress. Therefore, the effect of temperature, 
rotational speed and duration on NFC dispersion and mechanical properties was 
investigated and optimized. UHMWPE/3%NFC/3% PEgMA was melt blended according 
to central composite design (CCD) of response surface model (RSM). SEM-EDX analysis 
shows that increased duration and speed improve dispersion of filler. Higher 
temperature leads to poor dispersion due to filler aggregation during drying despite 
improved strength, which is contributed by enhanced chain mobility and entanglement 
with NFC. Overall, it was found that the optimal processing condition of 150 °C, 60 rpm 
and 45 minutes exhibited good filler dispersion with more than 80% desirability of 
response constraints. 
 
Keywords: Ultra high molecular weight polyethylene, cellulose nanofiber, biocomposite, 
optimization, melt-blend processing 
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Palm oil industry in Malaysia has a valuable untapped resource which are excess steam, 
generated from steam boilers as well as oil palm empty fruit bunch that represent the 
largest fraction of waste material at Palm Oil Mills. These two components could give 
huge benefits in term of profit-making and productivity of cellulose nanofibrils (CNF). In 
the present work, superheated steam (SHS) was used as a simulation method of 
pretreatment in respect to steam boiler. Cellulose was pretreated with SHS at 150°C for 
1 and 2 h prior to the wet disc mill (WDM) processing for CNF production. A free-
standing nanocellulose films were produced from the untreated and SHS treated-CNF by 
using casting method. The physical and mechanical characteristics of CNF films were 
investigated. The CNF films produced exhibited excellent optical and wettability 
properties by levelled-off degree of polymerizations (DPs) from SHS treated. It was 
found that the mechanical properties of CNF film were demonstrated outstanding 
results for Young’s modulus and elongation at break where, much higher than CNF film 
previously reports from hardwood. These results revealed that SHS is an efficient 
pretreatment method to reduce cellulose DP while given different characteristic of CNF 
films. With the integration of both resources available from the palm oil mill, it is 
foreseen that sustainable CNF production can be implemented as a promising new 
industry in Malaysia including versatile applications that can be ventured thereof.       
 
Keywords: cellulose nanofibrils, superheated steam, degree of polymerization, wet disc 
mill, CNF film 
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The over-exploitation of synthetic adhesives in wood composite manufacturing 
industries has become a major threat to environment and consumers health due to its 
carcinogenic formaldehyde emissions. Hence the present study has been focused 
towards the development and application of bio-adhesive as an alternative to replace 
synthetic adhesives. Rice starch (RS) is used as fillers and incorporated into natural 
rubber latex (NRL) by blending technique. Prior to blending, RS was subjected to 
chemical modification using sodium hydroxide (NaOH). Alkaline hydrolysis of 2M NaOH 
for 60 minutes at 45°C produce modified RS with the best working shear strength of 
0.38MPa and 0.43MPa respectively. Alkali modified RS was blended with NRL in weight 
content of 0%,25%,50%,75% and 100% accordingly. Consequently, all formulations 
were applied for medium density fibreboard (MDF) manufacturing via hot pressing at 
180°C for 4 minutes and the samples were subjected to mechanical testing such as 
modulus of rupture (MOR), internal bonding (IB) and thickness swelling (TS). The 
thermal stability was analyzed through thermogravimetric analysis (TGA). Based on the 
mechanical testing it indicates that bio-adhesive formulation that contain the highest 
weight content of alkali modified RS shows outstanding MOR of 26.4 MPa and 36.7 MPa 
while IB of 0.39 MPa and 0.66 MPa which indicate alkali modified RS - NRL exhibit 
significant mechanical adhesive performances. Moreover, thermal analysis proved that 
RS content by weight of 75% bio-adhesive formulation has higher temperature of weight 
loss, indicating that incorporation of RS enhances the thermal oxidative stability of bio-
adhesive. The research proved that alkaline modified RS can be viable filler to reinforce 
the adhesion properties of natural rubber matrix. 
 
Keywords: Alkaline modified rice starch, natural rubber latex, bio-adhesive, mechanical 
strength, medium density fibreboard. 
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Carboxymethyl cellulose (CMC) is a water-soluble cellulose ether produced by the 
partial substitution of the cellulose hydroxyl groups with ionic hydrophilic moieties. Due 
to the excellent physicochemical and mechanical properties, CMC has attracted the 
attention of scientists and technologists in the development of plant-derived materials. 
This is because CMC offers a wide range of applications in the industries, including 
medical, food, textile, paper and packaging industries. However, the usage of CMC in 
these industries depends on its grades, where it is often utilized as an additive and 
thickening agent. This review outlines the potential of CMC synthesis from the 
agricultural waste, where it is a rapidly evolving research area, as the synthesized CMC 
is comparable with those of the commercial products. Further study of the CMC is 
believed to enhance its application in the development of various products.  
 
Keywords: Cellulose, agricultural waste, carboxymethyl cellulose 
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Polyurethane based coatings have an established place in the coatings industry due to 
the high level of quality such as outstanding chemical and corrosion resistance, excellent 
abrasion resistance, low temperature flexibility, and a wide range of mechanical 
strength. Nowadays, there is a significant trend of shift from solvent based polyurethane 
systems towards waterborne polyurethane dispersions due to governmental regulations 
requiring manufacturers to lower total volatile organic compounds, as well as consumer 
preference on more environmentally friendly products. In this work, a renewable 
vegetable oil-based polyol derived from jatropha oil were polymerized with isophrene 
diisocyanate and dimethylol propionic acid to produce anionic waterborne 
polyurethane dispersion. The chemical and thermo-mechanical properties of the 
jatropha oil-based waterborne polyurethane (JPU) films were characterized by 
crosslinking density measurement, Differential Scanning Calorimetry and Dynamic 
Mechanical Analysis. With increasing the OH numbers of polyol from 161 mgKOH/g to 
217 mgKOH/g, the crosslinking density of the JPU was significantly increases which lead 
to a better storage modulus. The JPU films are in a glassy state at a temperature below -
50 °C.  
 
Keywords: waterborne polyurethane dispersion, water-based coatings, jatropha oil, 
crosslinking density 
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Application of nanofibers as a support matrix for enzyme immobilization have been 
widely reported. However, the complex modification procedures, the formation of 
irregular fibers and poor enzyme-substrate interaction remain a challenge. To tackle 
these issues, in the present study, a combination of electrospraying and electrospinning 
was employed to immobilize enzyme nanoparticles on the electrospun nanofibrous 
membrane. Two immobilization strategies were tested: successive electrospraying 
deposition (SED) of enzyme on the prefabricated electrospun membrane and 
simultaneous electrospraying and electrospinning (SEE) of the oppositely charged 
enzyme and polymer solutions. Immobilization of enzyme on the nanofibrous 
membrane was confirmed by FTIR analysis. The enzyme secondary structure, as well as 
the nanofibers network structure, were preserved after immobilization as revealed by 
the FTIR and SEM analysis, respectively. Interestingly, both immobilization strategies 
show different deposition pattern whereby the enzyme deposited on the outer surface 
of the membrane for the SED, while for the SEE, the enzyme particles were distributed 
uniformly throughout the membrane. Higher enzyme loading and enzyme activity were 
observed in the SEE- immobilized enzyme. The immobilized enzyme shows good 
operational stability after subjected to the vapor phase glutaraldehyde cross-linking 
reaction. With the versatility and process simplicity, the findings of the present study 
suggest that the combination of electrospraying and electrospinning is a promising 
approach for enzyme immobilization and could be further exploited for the 
development of biosensors, water filtration system, wound healing, bone regeneration, 
and drug delivery. 
 
Keywords: Electrospraying, electrospinning, enzyme immobilization, nanofibers 
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Syntactic foam is a low density but high compressive strength material. Insertion of fiber 
reinforcements had increases density of syntactic foam. However, it has wider 
application limitation by tailoring the properties. Influence of fiber length, fiber content, 
types of fiber and slab orientation on properties has been reviewed in this paper. On the 
other hand, to reduce the dependence of high cost microsphere, fiber reinforced 
macrosphere has introduced recently. “Rolling ball” and “electrostatic fiber flocking” 
methods found effectively to lower density and latter method has better performance 
reserved. No further information can be revealed currently. Besides, few studies done on 
natural fibers reinforced syntactic foam. Uneven properties of natural fibers were 
unflavored from material selection. Nonetheless, it will be a “requirement” in future of 
composite materials innovation. This review paper served as a bird’s eye view for 
researchers to review the effect of fiber reinforcements in syntactic foams.  
 
Keywords: Syntactic foams, fiber reinforcement, microsphere, characterization 
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