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ABSTRACT

Nanocomposite consisting of natural fibre reinforced thermoset/vegetable
oil/montmorillonite (MMT) nanofiller resin is among the latest technologies in
nanocomposites production. It has contributed to better environment and increase the
sustainability of the composite materials. To tap the abundance of palm oil in
Malaysia, this study was conducted to produce a novel composite of kenaf fibre
reinforced unsaturated polyester (UPE)/epoxidized palm oil (EPO)/MMT by resin
transfer moulding (RTM) followed by oven curing. Benzoyl peroxide was used as an
initiator and the composition was kept constant at 1.5 phr. The compositions of
UPE/EPO resin were varied at 90/10, 80/20, 70/30 wt % and the MMT nanoclay
were varied at 1, 1.5 and 2 phr for each formulation. The effects of different loading
ratios of EPO and MMT in UPE/EPO/MMT and the different RTM mould angles in
kenaf fibre reinforced UPE/EPO/MMT composite were studied in particular
mechanical, morphology, thermal, and water absorption properties of the resin and
composite. Pre-characterisations of UPE/EPO resin were carried out using Fourier
transform infrared spectroscopy and differential scanning calorimetry. The results
revealed that the oxirane rings of EPO were successfully opened and the resin
successfully crosslinked at applied curing temperature. The addition of EPO has
caused a decrease in glass transition temperature, tensile, flexural properties and an
increase in elongation at break and impact strength, which indicated an increase in
mobility and toughness of UPE chain. UPE/EPO blends also exhibited higher
thermal stability than neat UPE. The addition of MMT nanoclay enhanced the
mechanical and thermal properties of the resin. The optimum balance properties were
obtained for UPE at 10 wt % EPO and 1.5 phr MMT nanoclay loadings. The best
formulation was then carried out at 0° 30° and 45° RTM mould angle with kenaf
fibre reinforcement. 30° RTM mould angle gave the highest mechanical and thermal
properties of the resulted kenaf fibre reinforced UPE/EPO/MMT composite.
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ABSTRAK

Nanokomposit yang terdiri daripada gentian semulajadi yang diperkukuhkan
dalam resin termoset/minyak sayuran (VO)/pengisi nano montmorilonit (MMT)
adalah antara teknologi terkini dalam penghasilan komposit. la telah menyumbang
kepada persekitaran yang lebih baik dan meningkatkan kemampanan bahan-bahan
komposit. Untuk memanfaatkan lambakan minyak sawit di Malaysia, kajian ini telah
dijalankan bagi menghasilkan satu komposit baru gentian kenaf bertetulang poliester
tak tepu (UPE)/minyak sawit terepoksi (EPO)/MMT oleh acuan pemindahan resin
(RTM) dan diikuti oleh pengawetan ketuhar. Benzoil peroksida telah digunakan
sebagai pemula dan komposisinya telah digunakan pada kadar tetap, 1.5 bahagian
peratus resin (phr). Komposisi adunan UPE/EPO telah diubah pada 90/10, 80/20,
70/30 % berat dan tanah liat nano MMT telah diubah pada 1, 1.5 dan 2 phr bagi
setiap formulasi. Kesan nisbah muatan EPO dan MMT vyang berbeza dalam
UPE/EPO/MMT dan sudut acuan RTM yang berbeza dalam gentian kenaf
bertetulang UPE/EPO/MMT komposit telah dikaji secara khusus dalam sifat-sifat
mekanikal, morfologi, penyerapan haba, dan air bagi resin dan komposit. Pra-
pencirian UPE/EPO resin telah dijalankan dengan menggunakan spektroskopi
inframerah transformasi Fourier dan kalorimeter pengimbasan pembezaan.
Keputusan telah menunjukkan bahawa cincin oxiran EPO telah berjaya dibuka dan
resin telah berjaya terpaut silang pada suhu pengawetan yang digunakan.
Penambahan EPO menyebabkan penurunan suhu peralihan kaca, tegangan, sifat
lenturan dan peningkatan dalam pemanjangan pada waktu rehat dan kekuatan impak,
yang menunjukkan peningkatan dalam kekuatan dan mobiliti rantaian UPE.
Penambahan EPO juga menghasilkan kestabilan haba yang lebih tinggi daripada
haba kemas UPE resin. Di samping itu, penambahan tanah liat nano MMT
menunjukkan peningkatan dalam sifat-sifat mekanikal dan haba resin. Sifat optimum
keseimbangan telah diperoleh bagi UPE pada 10 % berat EPO dan 1.5 phr muatan
tanah liat nano MMT. Formulasi resin yang terbaik ini kemudiannya diproses pada
sudut acuan RTM 0°, 30° dan 45° dengan tetulang gentian kenaf. Sudut acuan RTM
30° memberikan sifat-sifat mekanikal dan haba tertinggi di dalam gentian kenaf
bertetulang UPE/EPO/MMT komposit.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Composites are one of the wide spread areas that have been applied present
due to the high performance of composites compared to neat polymer. Both
thermoset and thermoplastic composites have widened the applications and improved
the performance of polymer industries. Many composite industries have generated
significant economic activity in many countries. Main industries that have applied
composites materials include automotive, construction, furniture, aircraft, boat,
chemical, electrical and sports industries (Richard, 2005). The manufacturers,
designers, and engineers recognized the ability of composite materials to produce
high quality and cost-effective products that are high strength, light weight, corrosion
resistant, flexible in design and durable. These advantages are reflected in the high

demand for composite products.

In order to increase the environmental concern of composite product, natural
fibres have been used rather than synthetic fibres. Replacing synthetic fibre (such as
glass fibre, carbon fibre and aramide fibre) with natural fibre has both environmental
and economic advantages (Williams and Wool, 2000). Among the common natural
fibre is kenaf. Kenaf, known by its scientific name as Hibiscus Cannabinus, L. has
been cultivated for use in ropes and animal consumption for the last 4,000 years.
Kenaf fibre has been produced mostly for textiles, gunny sacks and, to a certain
extent, paper. Recently, kenaf fibre is also being applied in composite field. Due



to the increase in application of kenaf fibre, the crop has begun to attract much
attention and interest of many countries. China, Indonesia, Myanmar, Thailand and
United States of America are the traditional growers of kenaf for the world market.
Malaysian Government is also heavily promoting the development of kenaf as the
next major industrial crop for the country in line with its policy of developing new
sources of economic growth. Up to February 2011, the Government had spent RM50
million under the purview of the Ministry of Plantation Industries and Commodities
to develop kenaf through research and development in upstream and downstream
areas (Khan, 2011). In 2012 and 2013, the federal government disbursed a total of 33
and 48 million RM respectively under the New Plant Kenaf Program (MPIC) which
was developed to manage and develop the kenaf plant in Malaysia (Annual Report,
2013).

In composite industries, natural fibres including kenaf fibre are used as an
alternative to form green composite, replacing the synthetic fibre commonly used
previously. Many researchers have reported on natural fibre reinforced petroleum-
based thermoplastic (Kozlowski et al., 2004; Tajvidi et al., 2006) and thermoset
(Mohamed Yusoff, 2009; Trujillo et al., 2010; Jawaid et al., 2012; Adriana et al.,
2013) polymer. Even though natural fibre contributed to a better environment,
natural fibre reinforced polymer resin composites are not sufficiently eco-friendly
because of the petroleum-based source and the non-biodegradable nature of the
polymer matrix (Mohanty et al., 2002a). This phenomenon indicates that the
development of natural fibre reinforced renewable source based resin is important.
Other than solving the environmental issues, the composite from natural fibre and
renewable source based resin is also increased the sustainability of the composite
materials (Zhu et al., 2004). Thus, developing the bioresin from renewable sources is

a clear future prospect.

Over the past decade, natural oils, as a feedstock for thermosetting resin has
gained a lot of attention due to their availability and low cost (Pfister and Larock,
2010). However, it was found that the use of plant oil based resin in composites has
been limited, due to their lower mechanical and thermo-physical properties compared

to synthetic resin. A promising compromise between environmental friendliness and



performance of bio-based resin was obtained by replacing part of a petroleum based
resin with natural plant oil (Dutta and Karak, 2005). The most reported starting
materials for bio-based thermoset resin are soybean oil (Haq et al., 2008; Nava and
Brooks, 2010; Tan and Chow, 2011a), linseed oil (Haq et al., 2011), rapeseed oil
and nahar oil (Dutta et al., 2004; Mahapatra and Karak, 2004; Dutta and Karak,
2005). In addition, corn, olive and canola oil are being used as the starting raw
material for bio-based resin (Williams and Wool, 2000). As reported by previous
studies, the additions of plant oil in petroleum based thermoset resin has improved
the toughness, barrier and thermal properties of the resulting bioresin system (Dutta
and Karak, 2005; Hag et al., 2008, 2009b, 2011). However, according to Hag et al.
(2009a, 2009b), increase in toughness performance generally against the stiffness
performance of the material. Thus, some filler needs to be added in order to have
proper balance on toughness-stiffness (Haq et al., 2008, 2009b) and improve certain

properties of the bioresin.

Layered silicate nanoclay has been discussed in past decades as
reinforcement filler in polymer nanocomposites industries. Polymers reinforced with
nanoclays have been shown to exhibit enhancements in mechanical, thermal and
barrier properties at low concentration. As reported in previous study, the MMT
addition in vegetable oil based bioresin has recovered the decrease in stiffness,
thermal and barrier properties of the bioresin due to addition of plant oil and it leads
to improved stiffness-toughness balance of the bioresin (Miyagawa et al., 2006b).
Thus, the addition of nanoclay has leads to improved the stiffness-toughness balance
of the resin and produced a polymer nanocomposite with similar or enhanced
properties compared to the neat polymer (Haq et al., 2008, 2009a, 2009b, 2011).
This condition holds a great promise for the resin to be used in wide composite

applications.

Palm oil is the world’s highest yielding oil crop, which is abundantly
available in South East Asian countries, especially in Indonesia and Malaysia (Biron,
2004). Malaysia is the second largest producer of palm oil in the world after
Indonesia. According to the report from United States Department of Agriculture
(USDA) (2015), 86 % of world production of palm oil in 2014/15 was dominated by



Malaysia and Indonesia. Palm oil is mostly used in food as cooking oil, shortening
and margarine, while in oleochemicals industry, functionalized palm oil are used in
manufacturing soaps, cosmetics, detergents, lubricants, glues, and also as raw
material for biodiesel. In the last few decades, palm oil applications in the
pharmaceutical, engineering and industrial areas have been explored by many
researchers. However, the use of epoxidized palm oil as resin in composite matrix
applications have not been explored and fully realized. Widening the applications of
palm oil will give a significant return to the agriculture sector together with the
environment. Due to the sustained availability of palm oil in Malaysia, development
of new products from palm oil derivatives such as epoxidized palm oil (EPO) has
been accorded priority in Malaysia. Consequently, it is beneficial to partly combine
the functionalized palm oil to petroleum based thermoset resin to form a new

biobased resin.

Unsaturated polyester resin (UPE) is one of the most important thermosetting
polymers, which are being used widely in Fibre Reinforced Plastic (FRP)
applications. UPE resin are more commonly used than other thermoset resin due to
their attractive price per properties ratio (Biron, 2004). In addition, unsaturated
polyester resin also possess some good properties such as good mechanical and
electrical properties, fairly good heat and creep behaviors, aesthetic, choice of
rigidities, resistance to a great number of chemicals, resistance to light, weathering
and water in spite of surface deteriorations. It is also easily used in the preparation
of composite materials due to the simplicity and flexibility to modify their chemical
structure that will allow changes in viscosities and curing time to be used in large
variety of applications (Nava and  Brooks, 2010) including house-wares,

transportation, sports equipment, electrical industries and many more.

This study was focused on developing a new resin by partially blended EPO
in UPE as a matrix in kenaf fibre reinforced composites. To improve the loss
stiffness of the resin matrix system due to the addition of EPO, MMT nanoclay filler
was also added. Kenaf fibre reinforced UPE/EPO/MMT resin was then processed by

using resin transfer moulding (RTM).



1.2 Problem Statement

Fibre reinforced unsaturated polyester resin (FRP) is highly preferred in
material industries including marine, automotive, sanitary-ware, furniture industries
and many more. It was due to its advantages i.e. light in weight, low cost, high
strength and elasticity, good thermal and electrical properties, rigid, fairly good heat
and creep behaviour and excellent resistance to corrosion. However, the major
concern of FRP is its disposal. FRP is very difficult to dispose since it consist of non-
biodegradable petroleum based polyester resin and synthetic fibre. Unlike
thermoplastic composite, FRP is not considered environmental friendly since it non-
biodegradable, cannot be reused and recycled. The only method to dispose FRP is by
cutting it into small fragments and sends to the landfill. This disposal method is
considered unsustainable for long run. In order to preserve the environment and to
reduce the solid waste volume in landfill, the production of bio-based composite is

reinforced.

Bio-based composites have received extra attention in recent years. For
example, there are many studies conducted to investigate the use of natural fibres to
replace synthetic fibres in polymer composites. It was proven that the natural fibres
reinforced unsaturated polyester (UPE) composites enhance better environmental
characteristics of the composites (Williams and Wool, 2000). However, the
composite does not sufficiently eco-friendly due to the non-biodegradable nature of
the synthetic UPE resin matrix (Mohanty et al., 2002a). Thus, the study of polyester
based on renewable resource resin to replace synthetic based resin is needed. The
synthetic UPE resin was synthesized from chemical reaction of diacid and diols,
which are both petroleum based. The depletion of petroleum resources coupled with
increasing environmental regulations are acting synergistically to provide the
impetus for new materials and products that are compatible with the environment and
independent of fossil fuels. However, synthesizing new UPE based resin directly
from the vegetable oil has some limitations. This is mainly because the vegetable oil
based UPE resin does not show properties of rigidity and performed low mechanical

strength which was not suitable for most composite applications especially for



structural applications (Miyagawa et al., 2006a; 2007). Therefore, partially blend

vegetable oil with the synthetic UPE resin is required.

Resin transfer moulding (RTM) is one of the common thermoset composite
processing method applied in industries. It was due to its advantages i.e. low pressure
involves, short production time, perform two sided finishing product, and low
processing cost as low skill level operator and less labour service needed. Even
though RTM is an advanced processing method, the main concern using RTM is
because of the resin flow properties. Poor resin flow properties may affect to the poor
fibre wetting which consequently will drop the performance of the resulted
composite materials. Thus, attaining a good resin flow with good fibre matrix
impregnation was the main focus in RTM processing. RTM mould angle position is
one of the factors that has a significant effect on the resin flow properties. However,
there are very limited study conducted on the effect of gravitational (RTM mould
angle) on the fibre wetting and properties of the resulted composite. In fact, there
was no study reported on the effect of mould angle on the natural fibre reinforced
modified thermoset/vegetable oil resin.

The production of new composite consists of natural fibre and UPE/vegetable
oil resin processed by RTM is a new venture that can be explore. Because of the
availability of palm oil in Malaysia, development of new products of eco-friendly
UPE resin composites from palm oil derivatives such as EPO has been of particular
interest in this project. Thus, the objective of this research is to explore the potential
of EPO to be replaced partially in UPE as a matrix in natural fibre reinforced
composite, in particular kenaf fibre. In order to improve the stiffness properties of the
new resin, MMT nanoclay filler was added. The best formulation of UPE/EPO/MMT
blend resin was reinforced with kenaf fibre and the composite prepared using RTM
at 0, 30 and 45° mould angle. Following are some of the questions that need to be

answered to expand this research area.

1) What are the effects of blend ratio of UPE/EPO/MMT resin on thermal
characteristic and curing behavior as well as its resistance to moisture

absorption?



2) What are the effects of blend ratio of UPE/EPO/MMT resin on the
mechanical and thermophysical properties of the polymer resin such as
tensile, flexural, impact strength, storage modulus and tangent delta?

3) What are the dispersion and morphology of EPO and MMT nanoclay
inclusion in UPE and the blend of EPO/UPE resin?

4) What are the mechanical, thermal and morphological properties of kenaf fibre

reinforced UPE/EPO/MMT composite prepared by using RTM process?

It was reported that previously that replacing some of an UPE with vegetable oil
has contributed to increase the toughness and altered the thermal properties of the
neat UPE resin (Xia and Larock, 2010). However, the increase in toughness seriously
lowers the stiffness properties of the new UPE resin. Therefore, the addition of MMT
nanoclays was important to improve the stiffness properties of the UPE/vegetable oil
resin (Haq et al., 2008, Tan and Chow, 2010). The addition of MMT may also
improve the barrier properties between the vegetable oils added and the UPE
(Rigoberto Burgueno et al., 2007). The modified UPE/EPO resin reinforced kenaf
fibre processed with higher RTM mould angle was provided better fibre wetting and

increase the properties of the resulted new composite.

1.3  Objectives of Study

This research aims at developing environmentally friendly composite using
UPE/EPO/MMT blend as matrix with the reinforcement of kenaf fibre. The

objectives of this study are as follows:

1) To investigate the effect of EPO blends on chemical structure and curing
behaviour of UPE resin.

2) To characterise the effects of EPO content on the mechanical, thermal,
thermophysical, morphology and water absorption properties of UPE/EPO

resin.



3) To characterise the effects of MMT content on the mechanical, thermal,
thermophysical, morphology and water absorption properties of
UPE/EPO/MMT resin.

4) To investigate the effects of different RTM mould angle on the mechanical,
thermophysical and morphology properties of kenaf fibre reinforced
UPE/EPO/MMT composite.

1.4 Scope of Study

In order to achieve the objectives of the research, the following activities were

carried out:

The first part of the study, the modified UPE/EPO resin were prepared with
various amounts of EPO (10, 20 and 30 wt %). In this step, the EPO was added into
UPE resin and cured in an oven at 100 °C (2 hours) and 160 °C (2 hours) as referred
to previous study (Miyagawa et al., 2006a; Miyagawa et al., 2007; Haq et al., 2009a,
Hag et al., 2011). The chemical structure of the cured UPE/EPO blend resin was then
characterised using Fourier transform infrared (FTIR). In order to understand the
curing behaviour of the UPE/EPO blend resin,the uncured UPE/EPO blend resin
sample was heated in the diffrential scanning calorimetry (DSC) and the enthalpy
was evaluated. Next, the effect of different EPO content in the UPE/EPO resin on the
physical and mechanical properties of the UPE/EPO resin were evaluated by water
absorption, tensile, flexural and impact test. The thermal and thermophysical
behaviour of the UPE/EPO were also evaluated by using thermogravimetric analysis
(TGA) and dynamic mechanical analysis (DMA) test. Lastly, the morphology of the

UPE/EPO blend was evaluated using scanning electron microscope (SEM) test.

The second part of the study, MMT filler was added into the UPE/EPO resin
system as reinforcement. The UPE/EPO/MMT resin were prepared with various
amounts of MMT (1, 1.5 and 2 phr). The physical and mechanical properties of the

UPE/EPO/MMT resin were evaluated by water absorption, tensile, flexural and



impact test. The thermal and thermophysical properties of the UPE/EPO/MMT resin
were characterised using thermogravimetric analysis (TGA) and dynamic mechanical
analysis (DMA\) test. The distribution of the MMT nanoclay filler in the system was
also being evaluated by using scanning electron microscope (SEM) and transmission
electron microscopy (TEM) test. The best UPE/EPO/MMT resin formulations was
chosen by selecting the best stiffness-toughness balanced properties of the new
fabricated UPE/EPO/MMT resin for further use in the preparation of kenaf fibre

reinforcement composite.

The third part of the study, the kenaf fibre reinforced UPE/EPO/MMT
composite was prepared by using resin transfer moulding (RTM) processing
technique at different mould angle (0°, 30° and 45°). The mechanical properties of the
kenaf fibre reinforced UPE/EPO/MMT composite at different RTM mould angles
were evaluated by determining tensile, flexural and impact properties. The
thermophysical and morphology properties of kenaf fibre reinforced
UPE/EPO/MMT composite at different RTM mould angles were also characterised
by using dynamic mechanical analysis (DMA) and scanning electron microscope
(SEM). Finally, the conclusion has been made on the best RTM mould angle for
kenaf fibre reinforced UPE/EPO/MMT composites.



REFERENCE

Abdullah, A. H., Khalina, A. and Ali, A. (2011). Effect of Fiber Volume Fraction on
Unidirectional Kenaf/Epoxy Composites: The Transition Region. Polymer
Plastics Technology and Engineering 50: 1362-1366.

Adriana, T., Thiru, A. and Francisco, C. (2013). A Review on The Characteristics Of
gomuti Fibre And Its Composites With Thermoset Resins. Journal Of
Reinforced Plastics and Composites. 32(2): 124-136.

Ahmad, M., Gharayebi, Y., Salit, M. S., Hussein, M. Z. and Shameli, K. (2011).
Comparison of In Situ Polymerization and Solution-Dispersion Techniques in
the Preparation of Polyimide/Montmorillonite (MMT) Nanocomposites.
International Journal of Polymer Science. 12: 6040-6050.

Ahmad, S., Ashraf, S. M., Naqgvi, F., Yadav, S. and Hasnat, A. (2003). A
polyesteramide from Pongamia glabra oil for biologically safe anticorrosive
coating. Progress in Organic Coatings. 47(2): 95-102.

Akil, H. M., Omar, M. F., Mazuki, A. A. M., Safiee, S., Ishak, Z. A. M. and Abu
Bakar, A. (2011). Kenaf fiber reinforced composites: A review. Materials &
Design. 32(8-9): 4107-4121.

Al-Bahadly, E. A. O. (2013). The Mechanical Properties of Natural Fiber
Composites. Doctor of Philosophy. Swinburn University of Technology.

Alavudeen, A., Thiruchitrambalam, M. and Athijayamani, A. (2011). Clutch plate
using woven hybrid composite materials. Materials Research Inovations.
15(4): 229-234.

Altuntas, E., Cayl, G., Kusefoglu, S. and Nugay, N. (2008). Renewable Polymeric
Nanocomposite Synthesis Using Renewable Functionalized Soybean-Oil-
Based Intercalant and Matrix. Designed Monomers and Polymers. 11: 371-
381.



153

Amico, S. and Lekakou, C. (2001). An experiment study of the permeability and
capillary pressure in resin-transfer moulding. Composites Science and
Technology. 61(2001): 1945--1959.

Annual Report (2013). Kementerian Perusahaan Perladangan dan Komoditi,
Lembaga Kenaf Dan Tembakau Negara.

Anuar, H., Zuraida, A., Kovacs, J. G. and Tabi, T. (2012). Improvement of
Mechanical Properties of Injection-Molded Polylactic Acid—Kenaf Fiber
Biocomposite. Journal of Thermoplastic Composite Materials. 25: 153-164.

Arsad, A. (2010). Compatibiliser Effects On Properties of Polyamid-6/Acrylonitrile-
Butadiene-Styrene and Polyamide-6/Acrylonitrile-Butadiene-Styrene/Short
Glass Fibre Thermoplastic Composites. Doctor of Philosophy. Universiti
Teknologi Malaysia.

Aziz, S. H., Ansell, M. P., Clarke, S. J. and Panteny, S. R. (2005). Modified
polyester resins for natural fibre composites. Composites Science and
Technology. 65(3-4): 525-535.

Banno, S., Oshibe, Y. and Nakagawa, Y. (1987). US4708982 A. Cured unsaturated
polyester resin or vinyl ester resin containing flourine-containing groups
oriented on its surface. US

Basiron, Y. (2005). Palm Oil. In: F. Shahidi. Bailey’s Industrial Oil and Fat
Products. (333-429). John Wiley & Sons, Inc.

Bavan, S. D. and Kumar, M. G. C. (2013). Maize-Natural Fiber as Reinforcement
with Polymers for Structural Applications. In: S. Thomas, M. Sebastian, A.
George and Y. Weimin. Natural Polymers, Biopolymers, Biomaterials, and
Their Composites, Blends and IPNs. United States of America: Apple
Academic Press Inc.

Belgacem, M. N. and Gandini, A. (2008). Materials fromVegetable Oils: Major
Sources, Properties and Applications. In: M. N. Belgacem and A. Gandini.
Monomers, Polymers and Composites from Renewable Resources. (39-66).
Amsterdam, Netherlands: Elsevier Ltd.

Bensadoun, F., Kchit, N., Billotte, C., Bickerton, S., Trochu, F. and Ruiz, E. (2011).
A Study of Nanoclay Reinforcement of Biocomposites Made by Liquid
Composite Molding. International Journal of Polymer Science: 1-10.



154

Bharadwaj, R. K., Mehrabi, A. R., Hamilton, C., Trujillo, C., Murga, M., Fan, R.,
Chavira, A. and Thompson, A. K. (2002). Structure—property relationships in
cross-linked polyester—clay nanocomposites. Polymer. 43(13): 3699-3705.

Bickerton, S. and Advani, S. G. (1997). Experimental Investigation and Flow
Visualization of the Resin-Transfer Mold-Filling Process in a Non-Planar
Geometry. Composites Science and Technology. 57(1997): 23-33.

Bio Tech Mills, I. (2009). Company Overview. Kenaf Plant Characteristic Retrieved
18 Jun 2015, from http://www.slideshare.net/akimkatsu/biotech-mills-

presentation.
Biron, M. (2004). Detailed accounts of thermoset resins for moulding and composite

matrices. In: Thermosets and Composites. New York: Elsvier Ltd.

Bismarck, A., Mishra, S. and Lampke, T. (2005). Plant Fibers as Reinforcement for
Green Composites. In: A. K. Mohanty, M. Misra and L. T. Drzal. Natural
Fibers, Biopolymers, and Biocomposites. United States: CRC Press.

Blank, W. J., He, Z. A. and Picci, M. (2001). Catalysis of The Epoxy-Carbonyl
Reaction.International Waterborne, High-Solids and Powder Coatings
Symposium. 21- 23 February. New Orleans, Los Angelas.

Bordes, P., Pollet, E. and Avérous, L. (2009). Nano-biocomposites: Biodegradable
polyester/nanoclay systems. Progress in Polymer Science. 34(2): 125-155.

Bottger, W., Lepelaar, M. and Hensen, L. (2008). From natural fibre reinforced
composites to fully bio based composites in RTM tehnology. 6th N-
FibreBased Congress: Naturfaserverstarkte Kunststoffe - within the AVK
Tagung/Composites Europe. A. V. Kunststoffe. Frankfurt, Germany,
Technisce Vereinigung.

Callaway, J. C. (2004). Hempseed as a nutritional resource: An overview. Euphytica.
140(1-2): 65-72.

Campbell, F. C. (2010). Matrix Resin System. In: Structural Composite Materials.
(63-99). United States: ASM International.

Can, E., Kiisefoglu, S. and Wool, R. P. (2002). Rigid thermosetting liquid molding
resins from renewable resources. Il. Copolymers of soybean oil
monoglyceride maleates with neopentyl glycol and bisphenol A maleates.
Journal of Applied Polymer Science. 83(5): 972-980.


http://www.slideshare.net/akimkatsu/biotech-mills-presentation
http://www.slideshare.net/akimkatsu/biotech-mills-presentation

155

Cagmpanella, A. and Baltanas, M. A. (2005). Degradation of the oxirane ring of
epoxidized vegetable oils in liquid-liquid systems: | Hydrolysis and attack by
H202. Latin American Applied Research. 35: 205-210.

Chandrashekhara, K., Sundararaman, S., Flanigan, V. and Kapila, S. (2005).
Affordable composites using renewable materials. Materials Science and
Engineering: A. 412(1-2): 2-6.

Charles, L. W. and Venita, K. B. (2002). Plant maturity and kenaf yield components.
Industrial Crops and Products. 16: 81-88.

Chawla, K. K. (2005). Fibrous Material. Cambridge: Cambridge University Press.

Chinn, H., Lochner, U. and Ishikawa, Y. (2009). Unsaturated Polyester Resins. CEH
Marketing Research Report Menlo Park, Califonia, SRI Consulting. 94025.

Chua, P. S. (1987). Dynamic mechanical analysis studies of the interphase. Polymer
Composites. 8(5): 308-313.

Da Silva Santos, R., de Souza, A. A., De Paoli, M.-A. and de Souza, C. M. L. (2010).
Cardanol-formaldehyde thermoset composites reinforced with buriti fibers:
Preparation and characterization. Composites Part A: Applied Science and
Manufacturing. 41(9): 1123-1129.

Dai, H., Yang, L., Lin, B., Wang, C. and Shi, G. (2009). Synthesis and
Characterization of the Different Soy-Based Polyols by Ring Opening of
Epoxidized Soybean Oil with Methanol, 1,2-Ethanediol and 1,2-Propanediol.
Journal of the American Oil Chemists' Society. 86(3): 261-267.

Dansiri, N., Yanumet, N. and Ellis, J. W. (2002). Resin Transfer Molding of Natural
Fiber Reinforced Polybenzoxazine Composites. Polymer Composites. 23(3):
352-360.

De la Caba, K., Guerrero, P., Mondragon, I. and Kenny, J. M. (1998). Comparative
study by DSC and FTIR techniques of an unsaturated polyester resin cured at
different temperatures. Polymer International. 45(4): 333-338.

Deffense, E. (1985). Fractionation of palm oil. Journal of the American Oil
Chemists’ Society. 62(2): 376-385.

Deghani, A. (2012). Mechanical and Thermal Properties of Montmorillonite Filled
Date Palm Leaf Fiber Reinforced Recycled Polyethylene Terephtalate
Nanocomposites. Master. Universiti Teknologi Malaysia.



156

Deka, H. and Karak, N. (2009). Vegetable Oil-Based Hyperbranched Thermosetting
Polyurethane/Clay Nanocomposites. Nanoscale Research Letter. 4(7): 758-
765.

Deka, H., Misra, M. and Mohanty, A. (2013). Renewable resource based “all green
composites” from kenaf biofiber and poly(furfuryl alcohol) bioresin.
Industrial Crops and Products. 41: 94-101.

Dutta, N., Karak, N. and Dolui, S. K. (2004). Synthesis and characterization of
polyester resins based on Nahar seed oil. Progress in Organic Coatings.
49(2): 146-152.

Dutta, S. and Karak, N. (2005). Synthesis, characterization of poly(urethane amide)
resins from Nahar seed oil for surface coating applications. Progress in
Organic Coatings. 53(2): 147-152.

Dweib, M. A., Hu, B., O’Donnell, A., Shenton, H. W. and Wool, R. P. (2004). All
natural composite sandwich beams for structural applications. Composite
Structures. 63(2): 147-157.

Edeerozey, A. M. M., Akil, H. M., Azhar, A. B. and Ariffin, M. I. Z. (2007).
Chemical modification of kenaf fibers. Materials Letters. 61(10): 2023-2025.

Elsaeed, S. M. and Farag, R. K. (2012). Mechanical, thermal and barrier properties of
unsaturated polyester Nanocomposite based on et-waste for polymer
concrete. Global Advanced Research Journal of Engineering, Technology
and Innovation. 1(1): 16-24.

Esfahani, J. M., Sabet, A. R. and Esfandeh, M. (2011). Assessment of
nanocomposites based on unsaturated polyester resin/nanoclay under impact
loading. Polymer for Advanced Technologies. 23(4): 817-824.

Ferland, P., Guittard, D. and Trochu, F. (1996). Cocurrent Methods for Permeability
Measurement in Resin Transfer Molding. Polymer Composites. 17(1): 149-
158.

Fink, J. K. (2005). Reactive Polymers: Fundamentals and Applications: a concise
guide to industrial polymers (1st ed). New York: William Andrew, Inc.
Frederick, R. P. J. (1997). Simulation of the Injection Process in Resin Transfer

Molding. Polymer Composites. 18(4): 460-476.



157

Fu, S.-Y., Feng, X.-Q., Lauke, B. and Mai, Y.-W. (2008). Effects of particle size,
particle/matrix interface adhesion and particle loading on mechanical
properties of particulate-polymer composites. Composite Part B:
Engineering. 39: 933-961.

Gibbons, W. S., Patel, H. M. and Kusy, R. P. (1997). Effects of plasticizers on the
mechanical properties of poly(vinyl chloride) membranes for electrodes and
biosensors. Polymer. 38(11): 2633-2642.

Giita Silverajah, V. S., Ibrahim, N. A., Zainuddin, N., Wan Yusuf, W. M. Z. and Abu
Hassan, H. (2012a). Mechanical, Thermal and Morphological Properties of
Poly(lactic acid)/Epoxidized Palm Olein Blend. Molecules. 17(10): 11729-
11747.

Giita Silverajah, V. S., lIbrahim, N. A. I., Wan Yunus, W. M. Z., Abu Hassan, H. and
Woei, C. B. (2012b). A Comparative Study on the Mechanical, Thermal and
Morphological Characterization of Poly(lactic acid)/Epoxidized Palm Oil
Blend. International Journal of Molecular Sciences. 13: 5878-5898.

Giitta Silverajah, V. S., lbrahim, N. A., Zainuddin, N., Yunus, W. M. Z. W. and
Hassan, H. A. (2012). Mechanical, Thermal and Morphological Properties of
Poly(lactic acid)/Epoxidized Palm Olein Blend. Molecules. 17(10): 11729-
11747.

Gillham, J. K., Benci, J. A. and Noshay, A. (1974). Isothermal transitions of a
thermosetting system. Journal of Polymer Science: Polymer Symposia. 46(1):
279-289.

Gonzalez, M. G., Cabanelas, J. C. and Baselga, J. (2012). Application of FTIR on
Epoxy Resin - ldentification, Monitoring the Curing Process, Phase
Spearation and Water Uptake. In T. Theophanides. Infrared Spectroscopy -
Materials Science, Engineering and Technology. (13-25). Shanghai: Intech.

Gou, J., Zhang, C., Liang, Z., Wang, B. and Simpson, J. (2003). Resin Transfer
Molding Process Optimization Using Numerical Simulation and Design of
Experiments Approach. Polymer Composites 24(1): 1-12.

Graupner, N., Herrmann, A. S. and Miussig, J. (2009). Natural and man-made
cellulose fibre-reinforced poly(lactic acid) (PLA) composites: An overview
about mechanical characteristics and application areas. Composites Part A:
Applied Science and Manufacturing. 40(6-7): 810-821.



158

Grimsley, B. W., Hubert, P., Song, X., Cano, R. J., Loos, A. C. and Pipes, R. B.
(2001). Flow and Compaction During the Vacuum Assisted Resin Transfer
Molding Process. National Aeronautics and Space Administration. United
States, Nasa technodoc. 20040086021.

Gunstone, F. (1993). The study of natural epoxy oils and epoxidized vegetable oils
byl3C nuclear magnetic resonance spectroscopy. Journal of the American
Oil Chemists Society. 70(11): 1139-1144.

Guo, B., Jia, D. and Cai, C. (2004). Effects of organo-montmorillonite dispersion on
thermal stability of epoxy resin nanocomposites. European Polymer Journal.
40(2004): 1743-1748.

Habib, F. and Bajpai, M. (2011). Synthesis and Characterization of Acrylated
Epoxidized Soybean Oil For UV Cured Coatings. Chemistry & Chemical
Technology. 5(3): 317-326.

Hall, H. L., Bhuta, M. and Zimmerman, J. M. (1998). Kenaf Fiber Reinforced
Composite Athletic Wheelchair.17th Southern Biomedical Engineering
Conference. 6-8 February. Omni San Antonio Hotel, San Antonio, Texas,
US.A, 5.

Hag, M., Burguefio, R., Mohanty, A. K. and Misra, M. (2008). Hybrid bio-based
composites from blends of unsaturated polyester and soybean oil reinforced
with nanoclay and natural fibers. Composites Science and Technology.
68(15-16): 3344-3351.

Hag, M., Burguefio, R., Mohanty, A. K. and Misra, M. (2009a). Bio-based
unsaturated polyester/layered silicate nanocomposites: Characterization and
thermo-physical properties. Composites Part A: Applied Science and
Manufacturing. 40(4): 540-547.

Hag, M., Burguefio, R., Mohanty, A. K. and Misra, M. (2009b). Processing
techniques for bio-based unsaturated-polyester/clay nanocomposites: Tensile
properties, efficiency, and limits. Composites Part A: Applied Science and
Manufacturing. 40(4): 394-403.

Hag, M., Burguefio, R., Mohanty, A. K. and Misra, M. (2011). Bio-based polymer
nanocomposites from UPE/EML blends and nanoclay: Development,
experimental characterization and limits to synergistic performance.

Composites Part A: Applied Science and Manufacturing. 42(1): 41-49.



159

Hedley, C. W. (1994). Mold Filling Parameters In Resin Transfer Molding Of
Composites. Master of Science. Montana State University.

Henz, B. J., Tamma, K. K., Kanapady, R., Ngo, N. D. and Chung, P. W. (2003).
Process Modeling of Composites by Resin Transfer Molding: Practical
Applications of Sensitivity Analysis for Isothermal Considerations.
International Journal of Numeric Methods for Heat & Fluid Flow. 13(4):
415-447.

Higgins, J. S. and Walsh, D. J. (1984). Interactions in polymer blends-relationship
between thermodynamic and scattering measurements. Polymer Engineering
& Science. 24(8): 555-562.

Hillermeier, R. W. and Seferis, J. C. (2000). Interlayer Toughening of Resin Transfer
Molding Composites. Composites: Part A. 32: 721-729.

Ho, C. C. and Chow, M. C. (2000). The effect of the refining process on the
interfacial properties of palm oil. Journal of the American Qil Chemists'
Society. 77(2): 191-1909.

Holbery, J. and Houston, D. (2006). Natural-fiber-reinforced polymer composites in
automotive applications. JOM. 58(11): 80-86.

Hong, C. K. and Wool, R. P. (2005). Development of a bio-based composite material
from soybean oil and keratin fibers. Journal of Applied Polymer Science.
95(6): 1524-1538.

Huber, T., Graupner, N. and Mussig, J. (2010). Natural Fibre Composite Processing:
A Technical Overiew. In: J. Mussig. Industrial Applications of Natural
Fibres Structure, Properties and Technical Applications. United Kingdom:
John Wiley & Sons, Ltd.

Hull, D. and Clyne, T. W. (1996). An Introduction to Composite Materials. (2nd ed).
Melbourne, Australia: Cambridge University Press.

Humbert, D. R. (1995). Modeling of Resin Transfer Molding of Composite Materials
with Oriented Unidirectional Plies. Masters of Science. Montana State
University

Ibrahim, A. N. (2013). Preparation and Characteriztion of Palm Fiber Reinforced
Poly(e-Carpolactone)/Poly(Lactic Acid) Composites. Doctor of Philosophy.
Universiti Teknologi Malaysia.



160

Idris, N., Abdullah, A. and Halim, A. H. (1992). Evaluation of palm oil quality:
Correlating sensory with chemical analyses. Journal of the American Oil
Chemists Society. 69(3): 272-275.

Inceoglu, A. B. and Yilmazer, U. (2002). Mechanical Properties of Unsaturated
Polyester / Montmorillonite Composites. Nanophase and Nanocomposite
Materials 1V Boston, Massachusetts, Materials Research Society. 703: 387-
392.

Indira, K. N., Parameswaranpillai, J. and Thomas, S. (2013). Mechanical Properties
and Failure Topography of Banana Fiber PF Macrocomposites Fabricated by
RTM and CM Techniques. International Scholarly Research Notices
2013(2013): 8.

Jawaid, M., Abdul Khalil, H., Abu Bakar, A., Azman Hassan and Dungani, R.
(2012). Effect of Jute Fibre Loading On The Mechanical And Thermal
Properties Of Palm-Epoxy. Journal of Composite Materials. 0(0): 1-9.

Jawaid, M., Abdul Khalil, H. P. S. and Abu Bakar, A. (2011). Woven hybrid
composites: Tensile and flexural properties of oil palm-woven jute fibres
based epoxy composites. Materials Science and Engineering: A. 528(15):
5190-5195.

Jekabsons, N. and Bystrom, J. (2002). On the effect of stacked fabric layers on the
stiffness of a woven composite. Composites Part B: Engineering. 33(8): 619-
629.

Jia, Q. M., Zheng, M., Chen, H. X. and Shen, R. J. (2005). Synthesis and
characterization ~ of  polyurethane/epoxy interpenetrating  network
nanocomposites with organoclays. Polymer Bulletin. 54(1-2): 65-73.

Jin, U. H. (2007). Functionalization of Nanoclays Through Exchange Reactions.
Master of Science in Chemical Engineering. New Jersey Instittute of
Technology.

Jo, B.-W,, Park, S.-K. and Kim, D.-K. (2008). Mechanical properties of nano-MMT
reinforced polymer composite and polymer concrete. Construction and
Building Materials. 22(1): 14-20.

John, M. J. and Thomas, S. (2008). Biofibres and biocomposites. Carbohydrate
Polymers. 71(3): 343-364.



161

Jr, H. L. O., Bolner, A. S., Fiorio, R., Zattera, A. J. and Amico, S. C. (2010).
Mechanical and Dynamic Mechanical Analysis of Hybrid Composites
Molded by Resin Transfer Molding. Journal of Applied Polymer Science.
118: 887-896.

Katoch, S. and Kundu, P. P. (2011). Thermal and Mechanical Behavior of
Unsaturated Polyester [Derived from Poly(ethylene terephthalate) Waste] and
Montmorillonite-Filled  Nanocomposites  Synthesized by In  Situ
Polymerization. Journal of Applied Polymer Science. 122: 2731-2740.

Katoch, S., Sharma, V. and Kundu, P. P. (2010). Swelling Kinetics of Unsaturated
Polyester-layered Silicate Nanocomposite Depending on the Fabrication
Method. diffusion-fundamentals.org. 13(2010): 1-31.

Kayode Adekunle, Dan Akesson and Skrifvars, M. (2010). Synthesis of reactive
soybean oils for use as a biobased thermoset resins in structural natural fiber
composites. Journal of Applied Polymer Science. 115(6): 3137-3145.

Keusch, S. and Haessler, R. (1999). Influence of surface treatment of glass fibers on
the dynamic mechanical properties of epoxy resin composites. Composite
Part A: Applied Science and Manufacturing. 30(8): 997-1002.

Khalil, H. A., Suraya, N., Atigah, N., Jawaid, M. and Hassan, A. (2012). Mechanical
and thermal properties of chemical treated kenaf fibres reinforced polyester
composites. Journal of Composite Materials. 0(0): 1-8.

Khalil, H. P. S. A,, Issam, A. M., Shakri, M. T. A., Suriani, R. and Awang, A. Y.
(2007). Conventional agro-composites from chemically modified fibres.
Industrial Crops and Products. 26: 315-323.

Khan, A. R. (2011). Kenaf, a fibre for the future: the Harusmas experience. . News,
JEC Composites Knowledge & Networking, Harusmas Agro Sdn Bhd.
Retrieved 27 February 2013, 2013, from
http://www.jeccomposites.com/content/harusmas-agro-sdn-bhd.

Khoo, S. (2010, 29 April ). Growing Demand for Kenaf. The Star, Retrieved June 15,
2014, from http://www.thestar.com.my/.

Khot, S. N., Lascala, J. J., Can, E., Morye, S. S., Williams, G. I., Palmese, G. R,,
Kusefoglu, S. H. and Wool, R. P. (2001). Development and application of

triglyceride-based polymers and composites. Journal of Applied Polymer
Science. 82(3): 703-723.


http://www.thestar.com.my/

162

Kozlowski, R., Wladyka-Przybylak, M., Helwig, M. and Kurzydtoski, K. (2004).
Composites Based on Lignocellulosic Raw Materials. Molecular Crystals and
Liquid Crystals. 418(1): 131-151.

Ku, H., Wang, H., Pattarachaiyakoop, N. and Trada, M. (2011). A review on the
tensile properties of natural fiber reinforced polymer composites. Composites
Part B: Engineering. 42(4): 856-873.

Kuila, T., Tripathy, T. and Hee Lee, J. (2012). 7 - Polyolefin-based polymer
nanocomposites. In: F. Gao. Advances in Polymer Nanocomposites. (181-
215). Woodhead Publishing.

Kumari, S., Mishra, A. K., Krishna, A. V. R. and Raju, K. V. S. N. (2007).
Organically modified montmorillonite hyperbranched polyurethane-urea
hybrid composites. Progress in Organic Coatings. 60: 54-62.

Kurt Demmler, Milan Velic and Zoller, K. (1974). US Patern No 3,840,617. US:
United States Patent and Trademark Office

Kushwaha, P. and Kumar, R. (2011). Reinforcing Effect of Nanoclay in Bamboo-
Reinforced Thermosetting Resin Composites. Polymer-Plastics Technology
and Engineering. 50: 127-135.

La Scala, J. and Wool, R. P. (2005). Property analysis of triglyceride-based
thermosets. Polymer. 46(1): 61-69.

Labuschagne, P. W., Moolman, S. and Maity, A. (2012). Intelligent Nanomaterials.
Canada: John Wiley & Sons, Inc.

Lai, W. L., Mariatti, M. and Jani S, M. (2008). The Properties of Woven Kenaf and
Betel Palm (Areca catechu) Reinforced Unsaturated Polyester Composites.
Polymer-Plastics Technology and Engineering. 47(12): 1193-11909.

Lakshmi, M. S., Narmadha, B. and Reddy, B. S. R. (2008). Enhanced thermal
stability and structural characteristics of different MMT-Clay/epoxy-
nanocomposite materials. Polymer Degradation and Stability. 93(1): 201-
213.

LaScala J.J., W. R. P. (2002). Effect of trigyceride structure on epoxidation. . J Am
Oil Chem Soc. . 79(4): 373-378.

Laurenzi, S. and Marchetti, M. (2012). Advanced Composite Materials by Resin
Transfer Molding for Aerospace Applications. In: N. Hu. Composites and
Their Properties. United States: InTech.



163

Li, F. and Larock, R. C. (2001). New soybean oil-styrene-divinylbenzene
thermosetting copolymers. 1ll. Tensile stress—strain behavior. Journal of
Polymer Science Part B: Polymer Physics. 39(1): 60-77.

Liu, W., Drzal, L. T., Mohanty, A. K. and Misra, M. (2007a). Influence of processing
methods and fiber length on physical properties of kenaf fiber reinforced soy
based biocomposites. Composites Part B: Engineering. 38(3): 352-359.

Liu, W., Misra, M., Drzal, L. T. and Mohanty, A. K. (2005a). Influence of processing
methods and fiber length on physical properties of kenaf fiber reinforced soy
based biocomposites.20th Technical Conference of the American Society for
Composites 2005. 2111-2121.

Liu, Z. and Erhan, S. Z. (2008). “Green” composites and nanocomposites from
soybean oil. Materials Science and Engineering: A. 483-484(0): 708-711.

Liu, Z.,, Erhan, S. Z. and Xu, J. (2005b). Preparation, characterization and
mechanical properties of epoxidized soybean oil/clay nanocomposites.
Polymer. 46(23): 10119-10127.

Liu, Z. S., Erhan, S. Z. and Calvert, P. D. (2007b). Solid freeform fabrication of
epoxidized soybean oil/epoxy composite with bis or polyalkyleneamine
curing agents. Composites Part A: Applied Science and Manufacturing.
38(1): 87-93.

Lu, J.,, Hong, C. K. and Wool, R. P. (2004). Bio-based nanocomposites from
functionalized plant oils and layered silicate. Journal of Polymer Science Part
B: Polymer Physics. 42(8): 1441-1450.

Lu, J., Khot, S. and Wool, R. P. (2005). New sheet molding compound resins from
soybean oil. I. Synthesis and characterization. Polymer. 46(1): 71-80.

Lu, J. and Wool, R. P. (2008). Additive toughening effects on new bio-based
thermosetting resins from plant oils. Composites Science and Technology.
68(3-4): 1025-1033.

Ma, J., Xu, J., Ren, J.-H., Yu, Z.-Z. and Mai, Y.-W. (2003). A new approach to
polymer/montmorillonite nanocomposites. Polymer. 44(16): 4619-4624.

Mahapatra, S. S. and Karak, N. (2004). Synthesis and characterization of
polyesteramide resins from Nahar seed oil for surface coating applications.
Progress in Organic Coatings. 51(2): 103-108.



164

Manfredi, L. B., Santis, H. D. and Vazquez, A. (2008). Influence of the addition of
montmorillonite to the matrix of unidirectional glass fibre/epoxy composites
on their mechanical and water absorption properties. Composite Part A. 39:
1726-1731.

Manoharan, S., Suresha, B., Ramadoss, G. and Bharath, B. (2014). Effect of Short
Fiber Reinforcement on Mechanical Properties of Hybrid Phenolic
Composites. Journal of Materials. 2014: 1-9.

Manthey, N. W. (2013). Development of Hemp Oil Based Bioresins for
Biocomposites. Doctor of Philosophy. University of Southern Queensland.

Markus Henne, Paolo Ermanni, Myl ene Del eglise and Krawczak, P. (2004). Heat
transfer of fibre beds in resin transfer moulding: an experimental approach.
Composites Science and Technology. 64: 1191-1202.

Mazuki, A. A. M., Akil, H. M., Safiee, S., Ishak, Z. A. M. and Bakar, A. A. (2011).
Degradation of dynamic mechanical properties of pultruded kenaf fiber
reinforced composites after immersion in various solutions. Composites Part
B: Engineering. 42(1): 71-76.

Mazumdar, S. (2001). Composites Manufacturing: Materials, Product, and
Processing Engineering. United States of America: CRC Press

McAlpine, M. and Bennett, C. (2010). EP2250030A1. Improvements in thermal
transfer printing.

McAlpine, M. and Bennett, C. (2011). US 20110000028 Al. Thermal transfer
printing.

Mehdi Poorabdollah, Mohammad Hosain Beheshty and Vafayan, M. (2011). The
effect of nanoclay on curing unsaturated polyester resin. Society of Plastics
Engineers (SPE). Spepro.003854: 1-2.

Mehta, G., Mohanty, A. K., Misra, M. and Drzal, L. T. (2004). Biobased resin as a
toughening agent for biocomposites. Green Chemistry. 6(5): 254-258.
Michael, A. R. M., Jurgen, O. M. and Ulrich, S. S. (2007). Plant oil renewable
resources as green alternatives in polymer science. The Royal Society of

Chemistry. 36: 1788-1802.

Mittal, A., Katahira, R., Himmel, M. E. and Johnson, D. K. (2011). Effect of alkaline

or liquid ammonia treatment on crystalline cellulose in crystalline structure

and effects on enzymatic digestibility. Biotechnol Biofuels. 4(41).



165

Miyagawa, H., Misra, M., Drzal, L. T. and Mohanty, A. K. (2005). Fracture
toughness and impact strength of anhydride-cured biobased epoxy. Polymer
Engineering & Science. 45(4): 487-495.

Miyagawa, H., Mohanty, A. K., Burgueno, R., Drzal, L. T. and Misra, M. (2006a).
Development of Biobased Unsaturated Polyester Containing Functionalized
Linseed Oil. Industrial & Engineering Chemistry Research. 45: 1014-1018.

Miyagawa, H., Mohanty, A. K., Burguefio, R., Drzal, L. T. and Misra, M. (2006b).
Characterization and Thermophysical Properties of Unsaturated Polyester-
Layered Silicate Nanocomposites. Journal of Nanoscience and
Nanotechnology. 6(2): 464-471.

Miyagawa, H., Mohanty, A. K., Burguefio, R., Drzal, L. T. and Misra, M. (2007).
Novel biobased resins from blends of functionalized soybean oil and
unsaturated polyester resin. Journal of Polymer Science Part B: Polymer
Physics. 45(6): 698-704.

Mohamed Yusoff, M. Z. (2009). Mechanical Properties of Oil Palm Fibre-
Thermoset Composites. Master. Universiti Putra Malaysia.

Mohanty, A. K., Misra, M. and Drzal, L. T. (2002a). Sustainable Bio-Composites
from Renewable Resources: Opportunities and Challenges in the Green
Materials World. Journal of Polymers and the Environment. 10(1): 19-26.

Mohanty, A. K., Misra, M. and Drzal, L. T. (2002b). Sustainable Bio-Composites
from Renewable Resources: Opportunities and Challenges in the Green
Materials World. Journal of Polymers and the Environment. 10(1-2): 19-26.

Mohanty, A. K., Misra, M. and Hinrichsen, G. (2000). Biofibres, biodegradable
polymers and biocomposites: An overview. Macromolecular Materials and
Engineering. 276-277(1): 1-24.

Molajavadi, V. and Garmabi, H. (2011). Predicting the Young's modulus of
intercalated and exfoliated polymer/clay nanocomposites. e-Polymers. 20: 1-
12.

Mosiewicki, M. A. and Aranguren, M. I. (2013). A short review on novel
biocomposites based on plant oil precursors. European Polymer Journal. 49:
1243-1256.

Mukherjee, T. and Kao, N. (2011). PLA Based Biopolymer Reinforced with Natural
Fibre: A Review. Journal Polymer Environment. 19: 714-725.



166

Nam, S. and Netravali, A. (2006). Green composites. Il. Environment-friendly,
biodegradable composites using ramie fibers and soy protein concentrate
(SPC) resin. Fibers and Polymers. 7(4): 380-388.

Narteh, A. T., Hosur, M. V., Triggs, E. and Jelaani, S. (2013). Effects of Surface
Treatments of Montmorillonite Nanoclay on Cure Behavior of Diglycidyl
Ether of Bisphenol A Epoxy Resin. Journal of Nanoscience 2013: 1-12.

Nava, H. and Brooks, S. (2010). Soybean Based Hybrid Unsaturated Polyester Resin
System. . Technical Paper at Composites 2010 exhibition: Reichhold.

Ngo, N. D., Mohan, R. V., Chung, P. W. and Tamma, K. K. (1998). Recent
Developments Encompassing Non-Isothermal Liquid Composite Molding
Process Modeling/Analysis: Physically Accurate, Computationally Effective,
and Affordable Simulations and Validations. Journal of Thermoplastic
Composite Materials. 11: 493-532.

Nishino, T., Hirao, K., Kotera, M., Nakamae, K. and Inagaki, H. (2003). Kenaf
reinforced biodegradable composite. Composites Science and Technology.
63(9): 1281-1286.

Noh, M. W. and Lee, D. C. (1999). Synthesis and characteriztion of PS-clay
nanocompocite by emulsion polymerization. Polymer Bulletin. 42: 619-626.

Nuhiji, B., Attard, D., Thorogood, G., Hanley, T., Magniez, K., Bungur, J. and Fox,
B. (2013). The Effect of a Rapid Heating Rate, Mechanical Vibration and
Surfactant Chemistry on the Structure-Property Relationships of Epoxy/Clay
Nanocomposites. Materials 6: 3624-3640.

O'Dell, J. L. (1997). Natural Fibers in Resin Transfer Molded Composites.The
Fourth International Conference on Woodfiber-Plastic Composites. Madison,
USA, 280-285.

O'Donnell, A., Dweib, M. A. and Wool, R. P. (2004). Natural fiber composites with
plant oil-based resin. Composites Science and Technology. 64(9): 1135-1145.

Oksman, K. (2001). High Quality Flax Fibre Composites Manufactured by the Resin
Transfer Moulding Process. Journal of Reinforced Plastics and Composites.
20(7): 621-627.

Olad, A. (2011). Polymer/Clay Nanocomposite. In B. Reddy. Diverse Industrial
Applications of Nanocomposites. Croatia: InTech.



167

Padmanabhan, S. K. and Pitchumani, R. (1999). Stochastic modeling of
nonisothermal flow during resin transfer molding. International Journal of
Heat and Mass Transfer. 42: 3057-3070.

Padmasiri, K. G., Micheal, O. B. and Karunanayake, L. (2009). Epoxidation of some
vegetable oils and their hydrolysed products with peroxyformic acid -
optimised to industrial scale. J.Natn.Sci.Foundation Sri Lanka. 37(4): 229-
240.

Paiva, L. B., Morales, A. R., Branciforti, M. C. and Bretas, R. E. S. (2012).
Organophilic bentonites based on Argentinean and Brazilian bentonites. Part
2: potential evaluation to obtain nanocomposites. Brazilian Journal of
Chemical Engineering. 29(4): 751-762.

Pan, P., Zhu, B., Dong, T., Serizawa, S., lji, M. and Inoue, Y. (2008). Kenaf
fiber/poly(e-caprolactone) biocomposite with enhanced crystallization rate
and mechanical properties. Journal of Applied Polymer Science. 107(6):
3512-3519.

Park, J., Ye, Q., Topp, E., Lee, C., Kostoryz, E., Misra, A. and Spencer, P. (2009).
Dyamic mechanical analysis and esterase degradation of dentin adhesives
containing a branched methacrylate. Journal of Biomediacal Materials
Research Part B. 1: 61-70.

Park, S.-J., Jin, F.-L. and Lee, J.-R. (2004). Thermal and mechanical properties of
tetrafunctional epoxy resin toughened with epoxidized soybean oil. Materials
Science and Engineering: A. 374(1-2): 109-114.

Patel, H. S. and Naji, A. M. (2011). Studies on [(tetrahydrophthalated
cyclohexanone-formaldehyde resin)-(epoxy resin)] condensates. Pelagia
Research Library. 2(2): 98-117.

Paul, D. M. and Smith, C. A. (2002). Kenaf seed storage duration on germination,
emergence, and yield. Industrial Crops and Products. 17: 9-14.

Paul, S. A., Joseph, K., Mathew, G. D. G., Pothen, L. A. and Thomas, S. (2010).
Influence of polarity parameters on the mechanical properties of composites
from polypropylene fiber and short banana fiber. Composites Part A: Applied
Science and Manufacturing. 41(10): 1380-1387.

Pfister, D. P. and Larock, R. C. (2010). Green composites from a conjugated linseed
oil-based resin and wheat straw. Composites Part A: Applied Science and
Manufacturing. 41(9): 1279-1288.



168

Pfister, D. P., Xia, Y. and Larock, R. C. (2011). Recent Advances in Vegetable Qil-
Based Polyurethanes. ChemSusChem. 4(6): 703-717.

Pickering, S. J. (2005). Recycling technologies for thermoset composite materials—
current status. Composites: Part A. 37: 1206-1215.

Pothan, L. A., Oommen, Z. and Thomas, S. (2003). Dynamic mechanical analysis of
banana fiber reinforced polyester composites. Composites Science and
Technology. 63(2): 283-293.

Preghenella, M., Pegoretti, A. and Migliaresi, C. (2005). Thermo-mechanical
characterization of fumed silica-epoxy nanocomposites. Polymer. 46: 12065-
12072.

Pua, F.-L., Sapuan, S. M., Zainudin, E. S. and Adib, M. Z. (2013). Effect of Fibre
Surface Modification on Properties of Kenaf/Poly(vinyl alcohol) Composite
Film. Journal of Biobased Materials and Bioenergy. 7: 95-101.

Puing, G. L. I. (2006). Biobased Thermosets fom Vegetable Oils. Synthesis,
Characterization, and Properties. Doctor of Philosophy. University Rovira |
Virgili.

Rahmat, A. R. (2002). Microwave Assisted Resin Transfer Moulding. Doctor of
Phylosophy.University of Manchaster Institute of Science and Technology
(UMIST).

Ramarad, S. (2008). Preparation And Properties Of Kenaf Bast Fiber Filled
(Plasticized) Poly(Lactic Acid) Composites. Master. Universiti Sains
Malaysia.

Rashdi, A. A. A,, Salit, M. S., Abdan, K. and Megat, M. M. H. (2010). Water
Absorption Behaviour of Kenaf Reinforced Unsaturated Polyester
Composites and Its Influence on Their Mechanical Properties. Pertanika
Journal Science & Technology. 18(2): 433-440.

Rashdi, A. A. A., Sapuan, S. M., Ahmad, M. M. H. and Abdan, K. (2009). Review of
kenaf fibre reinforced polymer composite. Polymer. 54(777-780).

Razak, M. Z. A., Arsad, A., Rahmat, A. R. and Hassan, A. (2012). Influence of
MMT as reinforcement on rheological behaviour, mechanical and
morphological  properties of recycled PET/ABS thermoplastic
nanocomposites. Journal of Polymer Engineering. 32: 177-183.

Reinchold, 1. (2009) An Engineer's Guide to FRP Technology. FRP Material

Selection Guide.



169

Rejab, M. R. M., Theng, C. W., Rahman, M. M., Noor, M. M. and Rose, A. N. M.
(2008). An Investigation into the Effects ofFibre Volume Fraction on GFRP
Plate.Malaysian Technical Universitites Conference on Engineering and
Technoogy. March, 8-10. Putra Palace, Perlis, Malaysia.

Ren, X., Qiu, R., Fifield, L. S., Simmons, K. L. and Li, K. (2012). Effects of Surface
Treatments on Mechanical Properties and Water Resistance of Kenaf Fiber-
Reinforced Unsaturated Polyester Composites. Journal of Adhesion Science
and Technology 26(2012): 2277-2289.

Richard, P. W. (2005). Polymers and Composite Resins from Plant Qil. In Richard P.
Wool and X. S. Sun. Bio-Based Polymers and Composites. (6-113). USA:
Elsvier Academic Press.

Richard Wool, S. K., Giuseppe Palmese, Shrikant Khot, Ralph Zhao (2000). High
modulus polymers and composites from plant oil (CO9F 100; C08F12210;
CO08F22210; A61F 200). US

Richardson, M. O. W. and Zhang, Z. Y. (2000). Experimental investigation and flow
visualisation of the resin transfer mould filling process for non-woven hemp
reinforced phenolic composites. Composites Part A: Applied Science and
Manufacturing. 31(12): 1303-1310.

Rigas, E. J., Mulkern, T. J., Walsh, S. M. and Nguyen, S. P. (2001). Effects of
Processing Conditions on Vacuum Assisted Resin Transfer Molding Process
(VARTM). Army Research Laboratory. C. Klug, E. Fine and M. Poot. US,
Weapons and Materials Research Directorate, ARL. ARL-TR-2480.

Rigoberto Burgueno, Mahmoodul Hag, Amar K. Mohanty and Misra, M. (2007).
Hybrid Bio-Based Composites From Nano-Reinforced Bio-Petro Polymer
Blends And Natural Fibers. SPE ACCE Conference-SPE Automotive
Division, 53-64.

Robinson, F. E. (1998). Kenaf: a new fiber crop for paper production. California
Agriculture. September-October: 31-32.

Roopesh, M., Bruce, K. F. and Suresh, G. A. (1999). Use of Genetic Algorithms to
Optimize Gate and Vent Locations for the Resin Transfer Molding Process.
Polymer Composites. 20(2): 167-178.

Rouison, D., Sain, M. and Couturier, M. (2004). Resin transfer molding of natural
fiber reinforced composites: cure simulation. Composites Science and
Technology. 64(5): 629-644.



170

Rowell, R. M. (1998). The State Of Art And Future Development Of Bio-based
Composite Science And Technology Towards The 21st Century.The fourth
Pacific Rim bio-based composites symposium. November 2-5. Indonesia, 1-
18.

Rupilius, W. and Ahmad, S. (2005). The Changing World of Oleochemicals. Palm
Oil Developments. 44: 15-28.

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

Sacristan, M., ROnda, J. C., Galia, M. and Cadiz, V. (2010). Synthesis and properties
of boron-containing soybean oil based thermosetting copolymers. Polymer.
51: 6099-6106.

Saijun, D., Nakason, C., Kaesaman, A. and Klinpituksa, P. (2009). Water absorption
and mechanical properties of water-swellable natural rubber. Songklanakarin
Journal of Science and Tehnology. 31: 561-565.

Sakarya, M. and Deniz, S. (2014). Polyurethane Networks From Different Soy-Based
Polyols by The Ring Opening of Epoxidized Soybean Oil With Poly(ethylene
glycol)s.2nd International Symposium On Innovative Technologies In
Engineering And Science. Karabuk University, Turkey, 1394-1402.

Samsudin, S. A. (2010). The Thermal Behaviour And Isothermal Crystallisation Of
Cyclic Poly (Butylene Terephthalate) And Its Blends. Doctor of Philosophy.
University of Birmingham.

Sanchez, L., Garcia, D., Balart, R. and Parres, F. (2005). Aging of Polyester Matrix
In Saline Water. In G. E. Zaiov and A. Jimenez. New Developments in
Polymer Analysis, Stabilization and Degradation. (101-114). New York:
Nova Science, Inc.

Scrimgeour, C. (2005). Chemistry of Fatty Acids. In F. Shahidi. Bailey’s Industrial
Oil and Fat Products Scotland: John Wiley &Sons, Inc.

Sebe, G., Cetin, N., Hill, C. S. and Hughes, M. (2000). RTM Hemp Fibre-Reinforced
Polyester Composites. Applied Composite Materials. 7(5-6): 341-349.
Selvakumar, V., Palanikumar, K. and Palanivelu, K. (2010a). Studies on Mechanical
Characterization of Polypropylene/Na’™-MMT Nanocomposites. Journal of

Minerals & Materials Characterization & Engineering. 9(8): 671-681.



171

Selvakumar, V., Palanikumar, K. and Palanivelu, K. (2010b). Studies on Mechanical
Characterization of Polypropylene/Na+-MMT Nanocomposites. Journal of
Minerals & Materials Characterization & Enginering. 9(8): 671-681.

Sen, S., Gundem, H. B. and Ortac, B. (2013). Property Enhancement in Unsaturated
Polyester Nanocomposites by Using a Reactive Intercalant for Clay
Modification. Journal of Applied Polymer Science: 3247-3254.

Shaharuddin, S. I. S., Salit, M. S. and Zainudin, E. S. (2006). A Review of the Effect
of Moulding Parameters on the Performance of Polymeric Composite
Injection Moulding. Turkish J. Eng. Env. Sci. 30(2006): 23-34.

Sharma, V. and Kundu, P. P. (2006). Addition polymers from natural oils—A
review. Progress in Polymer Science. 31(11): 983-1008.

Sharma, V. and Kundu, P. P. (2008). Condensation polymers from natural oils.
Progress in Polymer Science. 33(12): 1199-1215.

Shen, C.-H. and Springer, G. S. (1976). Moisture Absorption and Desorption of
Composite Materials. Journal of Composite Materials. 10: 2-20.

Shia, D., Hui, C. Y., Burnside, S. D. and Giannelis, E. P. (1998). An interface model
for the prediction of Young's modulus of layered silicate-elastomer
nanocomposites. Polymer Composites. 19(5): 608-617.

Sichina, W. J. (2000). Characterization of Epoxy Resins Using DSC. Thermal
Analysis. Norwalk, U.S.A, Perkin Elmer Instruments: 1-4.

Sigh, R., Erickson, B. and Winters, P. (2009). Bio-Based Strategy: Food and Non-
Food Markets. In W. Smitthipong, R. Chollakup and M. Nardin. Bio-Based
Composites For High-Performance Materials From Strategy to Industrial
Application. United States: Taylor & Francis Group.

Singla, P., Mehta, R. and Upadhyay, S. N. (2012). Clay Modification by the Use of
Organic Cations. Green and Sustainable Chemistry. 2: 21-25.

Sinha Ray, S. and Okamoto, M. (2003). Polymer/layered silicate nanocomposites: a
review from preparation to processing. Progress in Polymer Science. 28(11):
1539-1641.

Sirapanichart, S., Monvisade, P., Siriphannon, P. and Nukeaw, J. (2011).
Poly(methyl methacrylate-co-butyl acrylate)/ Organophosphate-modified
Montmorillonite Composites. Iranian Polymer Journal. 20(10): 803-811.



172

Sithique, M. A. and Alagar, M. (2010). Preparation And Properties Of Bio-Based
Nanocomposites From Epoxidized Soy Bean Oil And Layered Silicate.
Malaysian Polymer Journal. 5(2): 151-161.

Skrifvars, M. (2000). Synthetic Modification And Characterisation Of Unsaturated
Polyesters. Academic Dissertation. Laboratory of Polymer Chemistry,
Faculty of Science, University of Helsinki.

Solomons, T. W. G. and Fryhle, C. B. (2008). Organic Chemistry. Hoboken: John
Wiley & Sons, Inc.

Sreekumar, P. A., Joseph, K., Unnikrishnan, G. and Thomas, S. (2007). A
comparative study on mechanical properties of sisal-leaf fibre-reinforced
polyester composites prepared by resin transfer and compression moulding
techniques. Composites Science and Technology. 67(3—4): 453-461.

Sreekumar, P. A., Thomas, S. P., Saiter, J. m., Joseph, K., Unnikrishnan, G. and
Thomas, S. (2009). Effect of fiber surface modification on the mechanical
and water absorption characteristics of sisal/polyester composites fabricated
by resin transfer molding. Composite: Part A. 40(2009): 1777-1784.

Sridhar, R. (2013). Development and Characterization of Nanoclay Dispersed
Polymer Composites for Naval Applications. Doctor of Philosophy. Kuvempu
University.

Srivastava, A. and Prasad, R. (1999). Triglycerides-based diesel fuels. Renewable
and Sustainable Energy Reviews. 4: 111-133.

Suh, D. J., Lim, Y. T. and Park, O. O. (2000). The Property and Formation
Mechanism of Unsaturated Polyester-Layered Silicate Nanocomposite
Depending on the Fabrication Method. Polymer. 41: 8557-8563.

Suresh, S. N. and Kong, X. (2005). Vegetable oils in Production of Polymers and
Plastics. In: F. Shahidi. Bailey’s Industrial Oil and Fat Products. (279-306).
Canada: John Wiley & Sons, Inc.

Sybil, P. P. (1992). McGraw-Hill encyclopedia of science & technology, McGraw-
Hill, Inc.

Tajvidi, M., Najafi, S. K. and Moteei, N. (2006). Long-term water uptake behavior of
natural fiber/polypropylene composites. Journal of Applied Polymer Science.
99(5): 2199-2203.



173

Takashi Nishinoa, Koichi Hiraoa, Masaru Koteraa, Katsuhiko Nakamaea and
Inagakib., H. (2003). Kenaf reinforced biodegradable composite. Composites
Science and Technology. 63: 1281-1286.

Tan, S. G. and Chow, W. S. (2010). Thermal Properties, Fracture Toughness and
Water Absorption of Epoxy-Palm Oil Blends. Polymer-Plastics Technology
and Engineering. 49(9): 900-907.

Tan, S. G. and Chow, W. S. (2011a). Curing Characteristics and Thermal Properties
of Epoxidized Soybean Oil Based Thermosetting Resin. Journal of the
American Oil Chemists' Society. 88(7): 915-923.

Tan, S. G. and Chow, W. S. (2011b). Thermal Properties, curing characteristicsand
water absorption of soybean oil-based thermoset. Express Polymer Letter.
5(6): 480-492.

Tantatherdtam, R., Chollakup, R. and Smitthipong, W. (2015). Mechanical
Properties of Natural Fiber-Reinforced Composites. In W. Smitthipong, R.
Cholakup and M. Nardin. Bio-Based Composites for High-Performance
Materials From Strategy to Industrial Application. US: Taylor & Francis
Group.

Tarte, N. H., Cui, L. and Woo, S. (2013). Polyolefin/Layere Silicate Nanocomposites
Prepare by In SituPolymerization. Advance Polymer Science. 258(2013):
311-340.

Thielemans, W., McAninch, 1. M., Barron, V., Blau, W. J. and Wool, R. P. (2005).
Impure Carbon Nanotubes as Reinforcements for Acrylated Epoxidized Soy
Oil Composites. Journal of Applied Polymer Science. 98: 1325-1338.

Thiruchitrambalam, M., Alavudeen, A. and Venkateshwaran, N. (2012). Review on
Kenaf Fiber Composites. Reveiw Material Science. 32(2012): 106-112.

Trochu, F., Gauvin, R. and Gao, D. M. (1993). Numerical Analysis of the Resin
Transfer Molding Process by the Finite Element Method. Advances in
Polymer Technoogy. 12(4): 329-342.

Trujillo, E., Osorio, L., Van Vuure, A. W., lvens, J. and Verpoest, 1. (2010).
Characterization Of Polymer Composite Materials Based On Bamboo
Fibres.14th European Conference On Composite Materials. 7-10 June 2010.
Budapest, Hungary.

Uddin, F. (2008). Clays, Nanoclays, and Montmorillonite Minerals. Metallurgical
and Materials Transactions A. 39(12): 2804-2814.



174

Udoeyo, F. F. and Adetifa, A. (2012). Characteristics of Kenaf Fiber-Reinforced
Mortar Composites. IJRRAS. 1121(1): 18-26.

United States Department of Agriculture (USDA) (2015). Oilseeds: World Markets
and Trade. W. A. O. Board. United States, Department of Agriculture,
Foreign Agricultural Service.

Uyama, H., Kuwabara, M., Tsujimoto, T., Nakano, M., Ususki, A. and Kobayashi, S.
(2003). Green Nanocomposites from Renewable Resources: Plant Oil-Clay
Hybrid Materials. Chemistry of Materials. 15: 2492-2494.

Vargiu, S. (1975). US Patern No 3,917,522. United States: United States Patent and
Trademark Office.

Vilay, V., Mariatti, M., MatTaib, R. and Todo, M. (2008). Effect of fiber surface
treatment and fiber loading on the properties of bagasse fiber-reinforced
unsaturated polyester composites. Composite Science Technology. 68: 631-
638.

Wan Rosli, W. D., Kumar, R. N., Mek Zah, S. and Hilmi, M. M. (2003). UV
radiation curing of epoxidized palm oil-cycloaliphatic diepoxide system
induced by cationic photoinitiators for surface coatings. European Polymer
Journal. 39(3): 593-600.

Weisstein, E. W. (2014). Gaussian Function. Mathworld, 2014, from
http://mathworld.wolfram.com/Gaussian Function.html.

Williams, G. 1. and Wool, R. P. (2000). Composites from Natural Fibers and Soy Oil
Resins. Applied Composite Materials. 7(5): 421-432.

Wypych, G. (2004). Effect of Plasticizer On Properties Plasticized Materials. In: W.

George. Handbook of Plasticizer. Toronto, Canada: ChemTec Publishing.

Xia, Y. and Larock, R. C. (2010). Critical review: Vegetable oil-based polymeric
materials: synthesis, properties, and applications. Green Chemistry. 12: 1893-
19009.

Xidas, P. I. and Triantafyllidis, K. S. (2010). Effect of the type of alkylammonium
ion clay modifier on the structure and thermal/mechanical properties of
glassy and rubbery epoxy—clay nanocomposites. European Polymer Journal.
46(3): 404-417.

Yang, Y. S. and Lee, L. J. (1988). Microstructure formation in the cure of
unsaturated polyester resins. Polymer. 29(10): 1793-1800.


http://mathworld.wolfram.com/Gaussian

175

Yoon, M.-K., Baidoo, J., Gillespie, J. W. and Heider, D. (2005). Vacuum Assisted
Resin Transfer Molding (VARTM) Process Incorporating Gravitational
Effects: A Closed-form Solution. Journal of Composite Materials. 39(24):
2227-2242.

Yu, Z, Yin, J., Yan, S., Xie, Y., Ma, J. and Chen, X. (2007). Biodegradable poly(l-
lactide)/poly(e-caprolactone)-modified  montmorillonite  nanocomposites:
Preparation and characterization. Polymer. 48(21): 6439-6447.

Zampaloni, M., Pourboghrat, F., Yankovich, S. A., Rodgers, B. N., Moore, J., Drzal,
L. T., Mohanty, A. K. and Misra, M. (2007). Kenaf natural fiber reinforced
polypropylene composites: A discussion on manufacturing problems and
solutions. Composites Part A: Applied Science and Manufacturing. 38: 1569—
1580.

Zhu, J., Chandrashekhara, K., Flanigan, V. and Kapila, S. (2004). Manufacturing and
mechanical properties of soy-based composites using pultrusion. Composites
Part A: Applied Science and Manufacturing. 35(1): 95-101.

Zlatani¢, A., Lava, C., Zhang, W. and Petrovi¢, Z. S. (2004). Effect of structure on
properties of polyols and polyurethanes based on different vegetable oils.

Journal of Polymer Science Part B: Polymer Physics. 42(5): 809-819.





