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ABSTRACT

This research is intended to develop a new potential reuse of recovered
nonmetallic materials of printed circuit boards (PCBs) and plastic waste. Recycling
of these wastes are being attempted in order to reduce its harmful effects on the
environment. In fact, due to ever increasing environmental concerns and disposal
costs, reuse and recycling of nonmetallic fractions from PCB wastes are considered
as the best treatment practices. The study includes a process for encapsulation by
combining dry nonmetallic PCB powder and recycled High Density Polyethylene
(rHDPE) in an extruder to form a homogenous matrix and subsequently,
compression molded into specimens in order to examine leachability, mechanical,
morphological, thermal and weathering properties of the composites. The optimum
nonmetallic PCB particle size with balanced mechanical properties was 0.07-0.09
mm. The leachability of raw nonmetallic PCB was tested by performing Toxicity
Characteristics Leaching Procedure (TCLP) and Total Threshold Limit
Concentration (TTLC). Subsequently, for rHDPE/PCB composites, the loadings of
nonmetallic PCBs were varied from 10-50 wt%. Composites with 40 wt%
nonmetallic PCB content showed the best balance of stiffness, strength and
toughness with flexural modulus of 17.0 and 16.3 GPa and impact strength of 42.3
and 41.9 J/m for sample A and B, respectively. It was observed that, the addition of 6
phr maleated polyethylene (MAPE) has improved the flexural modulus and impact
strength by 69% and 25%, respectively. Scanning electron microscopy (SEM)
revealed that addition of compatibilizer improved the interfacial adhesion of the
nonmetallic PCB material and polymer matrix. Encapsulation process has
successfully entrapped and immobilized the residual metals from leaching out to the
surrounding environment. After the nonmetallic PCB was filled in rHDPE
composites with composition of 50 wt%, the concentration of Cu leached was far
below the regulatory limit with 93.4% and 96% reduction for sample A and B,
respectively, compared to raw nonmetallic PCB waste prior encapsulation process.
Incorporation of nonmetallic PCB fillers in rHDPE reduced the thermal stability as
the decomposition occured at lower temperature and melting temperature (Tm) also
occured at lower temperature compared to the neat unfilled rHDPE. By adding 6 phr
MAPE, Tm shifted to even lower temperature. The degree of degradation due to
weathering increases with the time of exposure. Prolong exposure caused loss of
mechanical properties of all the composites with and without compatibilizer.
However, the rHDPE/PCB composites are more resistable to weathering attacks as
compared to unfilled neat rHDPE. Water absorption of all the rHDPE/PCB
composites reduced with addition of nonmetallic PCB material.
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ABSTRAK

Kajian ini bertujuan untuk mengkaji potensi penggunaan semula bahan-bahan bukan
logam yang terkandung di dalam papan litar bercetak (PCB) dan sisa plastik. Kitar semula
sisa bertujuan untuk mengurangkan impak negatif terhadap alam sekitar. Disebabkan oleh
peningkatan kesedaran alam sekitar dan kos pelupusan, pengunaan dan kitar semula
bahagian bukan logam merupakan kaedah rawatan yang terbaik. Kajian ini merangkumi
proses pengkapsulan dengan menggabungkan serbuk kering bahan bukan logam PCB
dengan bahan buangan plastik polietilena berketumpatan tinggi (rHDPE) ke dalam
penyemperit skru berkembar untuk membentuk matriks homogen dan seterusnya dibentuk
kepada saiz spesimen ujikaji melalui proses pengacuan mampatan untuk mengkaji sifat
kelarutresapan, mekanikal, morfologi, terma dan kesan cuaca terhadap bahan komposit. Saiz
bukan logam PCB yang optimum dengan sifat-sifat mekanik yang seimbang adalah di antara
0.07-0.09 mm. Kelarutresapan bahan bukan logam PCB telah diuji dengan menggunakan
ujian larut resap (TCLP) dan Total Threshold Limit Concentration (TTLC). Seterusnya, bagi
komposit rHDPE/PCB, bahan bukan logam PCB telah diganti ke dalam komposit dalam
komposisi 10 hingga 50%. Didapati bahawa komposit dengan 40% berat kandungan bahan
bukan logam PCB menunjukkan kekuatan mekanikal yang baik dengan kekuatan modulus
17.0 dan 16.3 GPa dan kekuatan hentaman lzod 42.3 dan 41.9 J/m untuk sampel A dan B.
Didapati bahawa, penambahan sebanyak 6 bahagian per ratus (phr) polietilena maleat
(MAPE) berjaya meningkatkan ketahanan, kekuatan dan kekakuan bagi komposit
berbanding komposit yang tidak mangandungi MAPE dengan peningkatan sebanyak 69%
dan 25% bagi kekuatan modulus dan hentaman Izod. Mikroskop imbasan elektron (SEM)
menunjukkan bahawa penambahan MAPE menambahbaik keserasian antara permukaan
bahan PCB dan polimer matriks. Proses pengkapsulan berjaya memerangkap sisa logam
daripada terlarut lesap ke alam sekitar. Setelah bahan bukan logam PCB digantikan ke dalam
komposit rHDPE dengan komposisi 50 wt%, konsentrasi Cu yang terlarut resap berada jauh
di bawah had peraturan yang ditetapkan dengan pengurangan sebanyak 93.4% dan 96%
untuk sampel A dan B berbanding sampel sebelum proses pengkapsulan. Penambahan bahan
ganti bukan logam PCB ke dalam rHDPE mengurangkan kestabilan terma kerana penguraian
berlaku pada suhu yang lebih rendah dan suhu lebur (Tm) juga berlaku pada suhu yang lebih
rendah berbanding dengan rHDPE. Manakala, dengan penambahan 6 phr MAPE, Tm
beralih kepada suhu yang lebih rendah. Tahap hakisan akibat daripada kesan pendedahan
kepada cuaca juga meningkat dengan peningkatan masa pendedahan. Pendedahan
berlanjutan menyebabkan kemerosotan sifat mekanikal kesemua komposit dengan dan tanpa
bahan penyerasi. Walau bagaimanapun, komposit rHDPE/PCB adalah lebih tahan terhadap
serangan cuaca berbanding rHDPE tanpa bahan pengganti. Didapati kadar penyerapan air
bagi komposit juga berkurangan dengan menggunakan bahan-bahan bukan logam PCB.
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CHAPTER 1

INTRODUCTION

1.1  Background

Solid waste disposal has become a serious issue for country and municipal
governments throughout the nation. As available landfill space decreases and the cost
of siting and building new landfills increases, local authorities are struggling to
develop alternative means of meeting the waste disposal challenge. Currently,
Malaysia is facing urban solid waste management issues as landfills are rapidly
filling up, increasing amount of waste are generated, shortage of disposal land,
resulting of serious environmental and human health impacts (Saeed et al., 2009).
These circumstances happened due to the growing amount and the variety types of
waste generated in relation with the rapid population and industrial growth, and also
due to the rising in the standard of living of the people. Landfilling is the most
widely used method for solid waste disposal, because it is the most economical and
environmentally acceptable method throughout the world (Samsudin and Mashitah,
2013).



Recycling is one way to turn the waste products into different, yet usable
products, keeping more waste out of the landfills. Plastics are one such product that
can be recycled. With a big push for green products and to be environmentally
friendly, plastic recycling is becoming big business. Recycling not only reduces the
amount of waste material that enters landfills, but it also reduces carbon dioxide

emissions and reduces oil usage.

Plastic manufacturing not only produces waste materials but also produces
gases, such as carbon monoxide, nitrogen oxide, chlorine dioxide and sulfur
hexafluoride, all of which ends up in our atmosphere and our water. By recycling
also, we are using less energy than the energy needed in producing new plastic and
the goods are just durable and useful. Post industrial plastics that are often sold for
recycling are high density polyethylene (HDPE), polypropylene (PP), and
acrylonitrile butadiene styrene (ABS). For instance, for every tonne of plastic, that is
recycled, 2 metric tons of petroleum is saved, 30 yard of landfill space and over 650
gallons of oil will be saved. Over 7 metric tons of petroleum will be saved per every
one tonne of HDPE that is recycled (PACIA, 2008).

Having this in mind, an Integrated Waste Management (IWM) strategy has to
be implemented for conservation of natural resources as well as for protecting the
environment in order to approach sustainable development. In order to achieve IWM
strategy, Cradle to Cradle concept has caught the attention in many developing
countries. Cradle to Cradle focuses on designing industrial systems so that materials
flow in closed loop cycles, meaning that waste is minimized and waste products can
be recycled and reused. All waste materials are productively re-incorporated into

new production and use phase (Braungart and McDonough, 2002).

Although over the last decade, there has been a continuing effort by the
plastic industry to recycle their products. One of the main issues with recycled

plastics is how to achieve properties approaching virgin plastics. Frequently, waste



streams contain dissimilar plastics which are incompatible and complicate the

generation of useful materials.

For instance, according to PACIA (2008), the total amount of plastic recycled
in Australia in 2007 were merely 261,109 tonnes, this value has not significantly
increased despite the increases in consumption because poor mechanical properties
and short life span limit the usage of products made from recycled plastic (Bertin and
Robin, 2002). However, materials can be incorporated into the polymer matrix of
recycled plastics to restore their mechanical properties and extend the life spans of
the composites; these materials are often called fillers. Fillers are solid additives that
are incorporated into the polymer matrix in order to improve its mechanical
properties. The two most widely used types of fillers in these applications are
extender and reinforcing fillers. The extender are generally used to increase polymer
bulk and reduce the cost of final products, while reinforcing fillers, on the other

hand, have the ability to improve mechanical and physical properties of polymer.

Reinforcing fillers, being much stiffer and stronger than the polymer, usually
increases its modulus and strength. They are usually rigid materials, immiscible with
the matrix in both molden and solid states, and as such, form distinct dispersed
morphologies.

As for this study, nonmetallic fractions from printed circuit boards recycling
waste have been utilized as filler material in recycled HDPE composites. The
nonmetallic printed circuit board (PCB) waste was an industrial solid-waste
byproduct from PCB recovery process obtained from two different local PCB
recycling industries in Johor, Malaysia. This was in the form of powder and without
electronic elements. In Malaysia, E-waste is categorized as scheduled wastes under
the code of SW 110 of First schedule of the Environmental Quality (Scheduled
Waste) Regulation 2005 (Appendix A). Under this regulation, the SW 110 waste are
defined as wastes from the electrical and electronic assemblies containing

components such as accumulators, mercury, glass from cathode-ray tube and other



activated glass or polychlorinated biphenyl-capacitors, or contaminated with

cadmium, lead, nickel, chromium, copper, manganese or silver.

E-waste contributed 52,978.13 metric tons which was 3.82% of the total
quantity of scheduled waste generated by category in the year 2013. It is also being
predicted by Department of Environmental (2009) in their inventory report that the
amount of E-waste will increase by an average of 14% annually and by year of 2020,
a total 1.17 billion units or 21.38 million tons of E-waste will be generated. By
considering PCBs waste form about 3% by weight of the total amount of electronic
waste, it can be concluded that approximately, 1589 metric tons of PCB waste was

generated in the year 2013.

PCBs are essential electronic components. A PCB is used to connect
electronic components without the need for conventional cables. The large amount of
material used in circuit boards and the presence of high levels of pollutants make
their recycling and disposal very problematic (Janz and Bilitewski, 2008). PCBs are
in fact the generalized term representing the platform upon which microelectronic
components such as semiconductor chips and capasitors are mounted. They are used
to support the electronic components as well as to connect them using conductive
pathways, tracks or signal traces etched from copper sheets laminated onto them. The
components of waste PCBs can be divided into metallic fractions (MFs) and non-
metallic fractions (NMFs) or non-conducting substrate or laminate, conductive

circuits printed on or inside the substrate, and mounted components.

Muo et al (2004) had studied the characteristics of nonmetallic PCBs and
concluded that the nonmetallic PCB powder mainly consists of resin and glass fibers,
and their combined characteristics are very useful (Mou et al., 2004). To date, very
limited research has been conducted to study the properties of nonmetallic PCB
waste for the utilization as a filler material in thermoplastic products. A research
done by Zheng et al. (2009) to study the nonmetallic PCB fraction as reinforcing
fillers in polypropylene (PP) has proven to be an effective way to enhance strength



and rigidity: particles 0.178 - 0.104mm, modified by a silane coupling agents, could
be successfully added in PP composites as a substitute of traditional fillers.

The nonmetallic fraction of PCB can also be used with some effectiveness as
a partial replacement of inorganic aggregates in concrete applications to decrease the
dead weight of structures (Niu and Li, 2007). The glass fibers and resins powder
contained in the nonmetallic fraction can also be used to strengthen the asphalt.

Despite the fact that nonmetallic PCB waste could be utilized as filler
material in some practical thermoplastic products, it should be borne in mind that, the
nonmetallic fractions from PCB wastes are still considered hazardous in certain
countries and including Malaysia, because it contains a small amount of residual
heavy metals such as Cu, Sn, Zn, Ni, Pb and etc (Cui and Forssberg, 2003). These
nonmetallic materials are normally disposed of by combustion and disposal in
landfill as the main method for treating, and it may cause secondary pollution and
resource wasting too (Guo et al., 2010). However, according to EPA’s guidelines,
before disposal at approved disposal sites, hazardous waste must first be treated to
immobilize the hazardous constituents. It is known that many attempts have been
made in the past to render hazardous wastes harmless by immobilizing the waste
against dispersion by ecological forces. One of the techniques to immobilize the

waste against dispersion to environment is through solidification.

In this study, solidification using thermoplastics encapsulation technique has
been employed. Generally, any type of thermoplastics can be used to create a coating
or jacket over the nonmetallic PCB waste. However, in this study, recycled grade of
High Density Polyethylene (rHDPE) waste is used. The rHDPE used was supplied by
Metahub Industries Sdn Bhd, Johor and from post-industrial HDPE pipe waste. The
HDPE pipe was recovered and shredded into small flakes with 8-10 mm sizes. It is
well known that, polyethylene has been used as a binder for encapsulation of a wide
range of waste types. In contrast to hydraulic cement and thermosetting polymer

processes, the present HDPE encapsulation method does not require chemical



reactions for solidification. The waste-binder interactions are also minimized.
Previous studies have revealed that encapsulation would provide a high degree of
control over release to the environment of unwanted quantity of hazardous wastes
(Batstone et al., 1989). The polymer acts as barrier to prevent contaminants leaching
into environment. A study done by Kalb et al. (1998) on encapsulation and
stabilization of radioactive, hazardous and mixed wastes, had stated that in contrast
to conventional binding agents, such as hydraulic cement the use of polyethylene as a
binder has several distinct advantages. Solidification is assured on cooling because
no curing chemicals reactions are required. A wide range of waste types are
compatible with polyethylene because constituents present in the waste will neither
inhibit nor accelerate solidification. It is also said that, polyethylene encapsulation
results in higher loading efficiencies and better waste form performance when

compared with hydraulic cements.

Wang et al. (2010) had studied the functional groups of nonmetallic PCB
fractions. He stated that the polarity of the waste was due to the presence of
hydroxide groups, carbonyl groups, acetal groups and silanol groups on the particle
surface. It is well known that blending of non-polar polymer such as recycled HDPE
with polar components like nonmetallic PCB creates materials with poor mechanical
properties, unstable morphology and lack of surface adherence, making it necessary
their compatibilization.

A research done by Guo et al. (2010) revealed that increasing amount of glass
fibers in nonmetallic PCBs also can decreased the flow ability of composites and
reduced the dipersion of ingredients which may lead to poor interfacial adhesion. In
order to improve the interfacial adhesion between rHDPE matrix and nonmetallic
PCB, maleated PE (MAPE) compatibilizer has been introduced to the blend system,
which can significantly improve the performances of the composites.
Compatibilizers can be used to improve properties to the point where recycled

polymers more closely resemble the virgin material.



It is therefore, the main concern of this study is to recycle the nonmetallic
PCB waste in a safe and environmentally sound manner by applying encapsulation
technique in preparing composites made from nonmetallic PCB and recycled HDPE
(rHDPE). Previously, several studies were conducted to study methods to reuse the
nonmetallic waste as a filling material in some practical products, such as bricks,
composite boards and modified polypropylene filled with nonmetallic PCBs (Mou et
al., 2007; Zheng et al., 2009). However, based on literature search, there is no
research has been conducted to study the HDPE encapsulation technique using

nonmetallic PCB waste modified with MAPE compatibilizer.

1.2 Problem Statement

In recent years through out the world including Malaysia, there has been
increasing concern about the growing volume of end of life electronics and the fact
that much of it is consigned to landfill without any attempt being made to recycle the
nonmetallic materials it contains. A large amount of nonmetallic materials in PCBs
are disposed of by combustion and disposal in landfill as the main method for
treating nonmetals in PCBs, but it may cause secondary pollution and resource
wasting. The problem is generally focused on the non metallic materials since it is
being noted by Department of Environment as hazardous and being listed under SW
501/ SW 110 of the Environmental Quality (Scheduled Waste) Regulations 2005.
Since it contains chemical hazards (Cui and Forssberg, 2003), hence it needs to be
disposed at licensed scheduled waste disposal site which is Kualiti Alam Sdn. Bhd.
The problems arise as the cost of disposal of these hazardous residues is so
expensive. Kualiti Alam Sdn. Bhd charge RM150 / tonne of PCB together with other
charges including cost of packaging, segregation, transportation and others.
Moreover, these residues are capable to give risk to the human health and
surrounding environment if it is not being properly managed (Cui and Forssberg,
2003). Menad et.al. (1998) cited that once PCBs are being filled, it will poses



significant contamination problems at which the landfills will leach the toxins into
the groundwater.

Because of the expensive cost of disposal, some industries tend to dipose the
nonmetallic PCB illegally without permission from DOE. There are also industries
that just keep nonmetallic PCBs waste in premises without any initiative to recycle
them. This situation is directly causing the increasing of the storage problem to
industries. Based on Cui and Forssberg (2003), if not managed properly, the disposal
of nonmetallic PCBs will give the negative effect and cause other problems such as

resource wasting, risks to human health and environmental pollution.

On the other hand, economic growth and changing consumption and
production patterns are resulting into rapid increase in generation of waste plastics
worlwide. The world’s annual consumption of plastic materials has increased from
around 5 million tonnes in the 1950s to nearly 100 million tonnes; thus, 20 times
more plastic is produced today than 50 years ago (Ebenezer et al., 2013). This
implies that, more resources are being used to meet the increased demand of plastic,
at the same time more plastic waste is being generated. In Asia and the Pacific, as
well as many other developing regions, plastic consumption has increased much
more than the world average due to rapid urbanization and economic development
(Kreith, 1994). Waste plastics are becoming a major stream in solid waste due to the
increase in generation. After food waste and paper waste, plastic waste is the third
major contribution at municipal and industrial waste in cities (UNEP, 2009). Even
the cities with low economic growth have started producing more plastic waste due
to increased use of plastic packaging, plastic shopping bags, PET bottles and other
goods/appliances using plastic as the major component. The increase has caused
major challenge for local authorities, responsible for solid waste management and
sanitation. Due to lack of integrated solid waste management, most of the plastic
waste is neither collected properly nor disposed of in appropriate manner to avoid its
negative impacts on environment and public health and waste plastics are causing
littering and choking of sewerage system. Due to extremely long periods required for

natural decomposition, waste plastic is often the most visible component in waste



dumps and open landfills. Plastic waste recycling can provide an opportunity to
collect and dispose of plastic waste in the most environmental friendly way and it
can be converted into a resource. In most of the situations, plastic waste recycling
could also be economically viable, as it generates resources, which are in high
demand. Plastic waste recycling also has a great potential for resource conservation
and grenn houses gases emissions reduction, such as producing fuel from plastic

waste.

There is an urgency to resolve the environmental pollution associated with the
waste materials and the need to adopt a more sustainable approach to the problems
associated with end of waste life. Thus, this research is intended to develop a new
potential reuse of recovered nonmetallic materials of PCBs and plastic waste. From
environmental point of view, recycling of these wastes are being attempted in order
to reduce its harmful effects on the environment. In fact, due to ever increasing
environmental concerns and disposal costs, reuse and recycling the nonmetallic
fractions from PCB wastes are considered as the best treatment practices and can
generate economy too by commercializing the products made from the rHDPE and

PCB composites.

1.3 Objectives of the study

One of the most important aspects of materials development in thermoplastics
engineering is to achieve a good combination of mechanical properties and
processability at low or moderate cost. As far as mechanical properties are
concerned, the main target is to strike a balance of stiffness, strength and toughness
without violating the environment. No study on recycled HDPE and nonmetallic
PCB composites modified with MAPE compatibilizer has been reported yet. Thus,

the aim of the research is to develop an environmentally friendly polymer composite
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with enhanced properties. The main aim of this research is to study the effectiveness

of encapsulation technique using recycled HDPE as binder material to encapsulate

nonmetallic PCB waste. The main objective can further be divided as the followings:

14

To determine chemical composition and toxicity of nonmetallic PCB
materials through X-ray Fluorescence Spectrometry (XRF), Fourier
Transform Infrared Spectroscopy (FTIR), Total Threshold Limit
Concentration (TTLC) and Toxicity Characteristics Leaching Procedure
(TCLP).

To determine the optimum size of nonmetallic PCB particles to be used as
filler material in recycled high density polyethylene (rHDPE) with best
mechanical properties.

To determine the effect of various nonmetallic PCB contents on the
mechanical, thermal, water absorption and morphological properties of
rHDPE/PCB blends.

To investigate the effects of compatibilizer (MAPE) on the mechanical,
thermal, water absorption and morphological properties of rHDPE/PCB
composites with and without compatibilizer.

To evaluate weathering properties of rHDPE/PCB composites in terms of
mechanical properties, water absorption, color measurement and carbonyl

index.

Scope of Research

The focused of this study was mainly on the toxic nonmetallic fractions

obtained from PCB recovery and recycling process, that can be treated by

encapsulation process with recycled HDPE for composite material production.

Chemical composition and toxicity analysis of the nonmetallic PCB waste and its

composites were determined. Physical, mechanical and thermal properties of

rHDPE/PCB composites were also determined in this research project. Lastly,

weathering properties of the composites were studied to investigate the UV
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resistance of composites made of nonmetallic PCB materials. The tests were
conducted in two different environments namely, outdoor natural weathering and

accelerated xenon arc-lamp weathering.

1.5 Significance of Research

The main concern of this study is to recycle the nonmetallic PCB waste in a safe and
environmentally sound manner by applying encapsulation technique in preparing
composites made from nonmetallic PCB and recycled HDPE (rHDPE). The research
expects to develop a toughened composite with balanced mechanical properties
without violating the environment. The success of this research will contribute to
many potential specific application in the future. As for this research, the composite
made from nonmetallic PCB waste and recycled HDPE can best be used in plastic
lumber applications. While, from economic point of view, the use of waste materials
can significantly reduce waste disposal cost and resource wasting by making full use
of the waste material from being dump into landfill. Moreover, since nonmetallic
PCBs are considered as waste and has no value, hence this research is seen important

to save the production cost of composites by using it as filler material.



303

REFERENCES

Abu Bakar, A., Hassan, A. and Mohd Yusof, A. F. (2005). Effect of Accelerated
Weathering on the Mechanical Properties of Oil Palm Empty Fruit Bunch Filled
UPVC Composites. Iranian Polymer Journal. 14 (7), 627-635.

Abdul Khalil, H. P. S., Rozman, H. D., Ahmad, M. N. and Ismail, H. (2000).
Acetylated Plant- Fiber-Reinforced Polyester Composites: A Study of
Mechanical, Hygrothermal and Aging Characteristics. Polymer and Plastic
Technology Engineering. 39, 757-781.

Abdul Khalil, H. P. S., Issam, A. M., Ahmad Shakri, M. T., Suriani, R. and Awang,
A. Y. (2007). Conventional Agro-Composites from Chemically Modified Fibers.
Industrial Crops and Products. 26, 315-323.

Adams, J. W., Lageraaen, P. R., Kalb, P. D., Patel, B. R. (2002). Polyethylene
Encapsulation of Depleted Uranium Trioxide. Emerging Technologies in
Hazardous Waste Management. 177-186.

Adhikary, K. B., Peng, S. and Staiger, M. P. (2007). Dimensional Stability and
Mechanical Behavior of Wood-plastic Composites Based on Recycled and
Virgin High Density Polyethylene. Journal of Composite, Part B: Engineering.
39(5). 807-815.

Adhikary, K. B., Pang, S., Staiger, M. P. (2008). Dimensional Stability and
Mechanical Behaviour of Wood-plastic Composites Based on Recycled and
Virgin High-Density Polyethylene (HDPE). Composites Part B. 39, 807 — 815.

Adler, E. (1977). Lignin Chemistry-Past, Present, and Future. Wood Science and
Technology. 11(3), 169-218.

Agamuthu, P. and Fauziah, S.H. (2006). MSW disposal in Malaysia: landfill
management. Proceedings of the 2nd Expert Meeting on Solid Waste
Management in Asia and the Pacific Islands, Kitakyushu.



304

Agles, M. N., Salvado, J. and Dufresne, A. (1999). Steam-Exploded Residual
Softwood-Filled Polypropylene Composites. Journal of Applied Polymer
Science. 74, 1962-1977.

Al-Madfa, H., Mohamed, Z. and Kassem, M. E. (1997). Weather Ageing
Characterization of The Mechanical Properties of The Low Density
Polyethylene. Polymer Degradation and Stability. 62, 105-109.

ASTM D256. (2000). Standard Practice for Xenon-Arc Exposure of Plastics
Intended for Outdoor Applications, in Annual Book of ASTM Standards.
American Society for Testing and Materials.

ASTM D790. (2000). Standard Test Method for Flexural Properties of Unreinforced
and Reinforced Plastics and Electrical Insulating Materials,” in Annual Book of
ASTM Standard. American Society for Testing and Materials.

Anderson, G. K. (1993). Collection and Treatment of Hazardous Waste. Short
Course on Solid and Hazardous Waste Management. Department of
Environmental Engineering, Faculty of Civil Engineering, Johor Bahru:
University Technology Malaysia.

Araujo, J. R., Waldman, W.R. and de Paoli, M.A. (2008). Thermal Properties of
High Density Polyethylene Composites With Natural Fibers; Coupling Agent
Effect. Polymer Degradation and Stability. I, 170-1175.

Arends, C. B. (1996). Polymer toughening. New York. USA. Marcel Dekker Inc.

Arbeliaz, A., Fernandez, B., Ramos, J.A., Retegi, A., Liano-Ponte, R. and
Mondragon, 1. (2005). Mechanical Properties of Short Flax Fiber
Bundle/Polypropylene Composites: Influence of Matrix/Fiber Modification,
Fiber Content, Water Uptake and Recycling. Composites Science and
Technology. 65, 1582 — 1592.

ATLAS. (2001). Material Testing Guidebook. Atlas Materials Testing Technology.
Atlas Electric Devices Co, Chicago. 47.

Attwood, J., Philip, M., Hulme, A., Williams, G. and Shipton, P. (2006). The Effects
of Ageing By Ultraviolet Degradation of Recycled Polyolefin Blends. Polymer
degradation and stability. 91, 3407-3415.

Avila, A. F. and Duarte, M. V. (2003). A Mechanical Analysis on Recycled
PET/HDPE Composites. Polymer Degradation and Stability. 80 (2), 373-382.

Azapagic A., Emsley A. and Hamerton 1., 2003, Polymers: The Environmental and

Sustainable Development. John Wiley and Sons, UK. 219.



305

Bafna, A. A. (2004). Polyethylene-clay Nanocomposites: Processing-Structure-
Property Relationship. PhD thesis, University of Cincinnati.

Ban, B. C., Song, J. Y., Lim, J. Y. (2005). Studies on The Reuse of Waste Printed
Circuit Board As An Additive for Cement Mortar. Journal of Environmental
Science and Health. 40(3), 645-656.

Barontini, F., Marsanich, K., Petarca, L. and Cozzono, V. (2005). Thermal
Degradation and Decomposition Products of Electronic Boards Containing
BFRs. Industrial & Engineering Chemistry Research. 44, 4186-4199.

Batstone, R., Smith, J. E. and Wilson, D. (1989). The Safe Disposal of Hazardous
Wastes: The Special Needs and Problems of Developing Countries. World Bank
Technical paper, No. 93.

Berkhout, F. and Hertin, J. (2004). De-materialising and Re-materialising: Digital
Technologies and The Environment. Futures. 8, 903-920.

Bertin, S. and Robin, J.J. (2002). Study and Characterization of Virgin and Recycled
LDPE/PP Blends. European polymer journal. 38, 2255-2264.

Bhattacharya, M., Vaidya, U. R., Zhang, D. and Narayan, R. (1995). Properties of
Blends of Starch and Synthetic Polymers Containing Anhydride Groups. II.
Effect of Amylopectin To Amylose Ratio In Starch. Journal of Applied Polymer
Science. 57, 539-554.

Bigg, D. M., Hiscock, D. F., Peterson, J. R. and Bradbury, E. J. (1998). High
Performance of Thermoplastic Matrix Composites. Journal of Thermoplastic
Composite Materials. 1, 146-160.

Bikirias, D. and Karayannidis, G. (1995). Chain of Polymeresters PET and PBT with
N.N — bis(glycidyl ester) pyromellitimides, Journal Polymers Science. 33, 1705
- 1714,

Blazso’, M., Cze'ge'ny, Z. S. and Csoma, C. S. (2002). Pyrolysis and Debromination
of Flame Retarded Polymers of Electronic Scrap Studied By Analytical
Pyrolysis. Journal of Analytical Applied Pyrolysis. 64, 249.

Bledzki, A. K. and Gassan, J. (1999). Composites Reinforced With Cellulose Based
Fibers. Progress in Polymer Science. 24, 221-274.

Bolaane, B. and Ali, M. (2004). Sampling Household Waste at Source: Lessons
Learnt in Gaborone. Waste Management and Research. 142-148.

Bonen. (1994). The Present State of the Art of Immobilization of Hazardous Heavy

Metal in Cement-Based Material. Advance in Cement and Concrete.



306

Bonelli, C. M. C., Martins, A. F., Mano, E. B. and Beatty, E. B. (2001). Effect of
Recycled Polypropylene on Polypropylene/high-density Polyethylene Blends.
Journal of Applied Polymer Science. 80, 1305-1311.

Botev, M., Betchev, H., Bikiaris, D. and Panayiotou, C. (1999). Mechanical
Properties and Viscoelastic Behavior of Basalt Fiber-reinforced Polypropylene.
Journal of Applied Polymer Science. 74, 523-531.

Borchardt, J. K. (2006). Recycling, Plastics, in Kirk-Othmer Encyclopedia of
Chemical Technology. John Wiley & Sons, Inc.

Boyle, W. C., Ham, R. K., Pastene, J. and Stanforth, F. (1983). Leach Testing of
Foundry Process Waste. In: Conway, R.A., Gulledge, W.P, editors. Proceedings
Hazardous and Industrial Solid Waste Testing: Second Symposium, ASTM STP
805. Philadelphia: American Society for Testing and Materials. 67.

Braungart, M. and McDonough, W. (2002). Cradle to Cradle: Remaking the Way We
Make Things. North Point Pr. ISBN 978-0-86547-587-8.

Breslin, V. and Tisdell, S. (1994). Thermoplastic Stabilization of MSW Combustor
Ash. Journal of Environmental Engineering. 120(1), 154-168.

Brian, W. B., Eric, I. P. and Aarne, P. V. (1989). Planning Hazardous Waste
Reduction and Treatment Strategies: An Optimization Approach. Waste
Management and Research. 7, 153-163.

Brodersen, K. D., Tartler, B. and Danzer. (1994). Scrap of Electronics — A Challenge
to Recycling Activities. Proceedings of the International Symposium on
Electronics and the Environment, IEEE, San Francisco, CA. 174 — 178.

Budhiarta, I., Siwar, C. and Basri, H. (2012). Current Status of Municipal Solid
Waste Generation in Malaysia. International Journal on Advanced Science
Engineering Information Technology. 2(2), 16-21.

Burbank, D. A. and Weingardt, K. M. (1996). Mixed Waste Solidification Testing on
Polymer and Cement-based Waste Forms in Support of Hanford’s WRAP 2A
facility. T. Michael Gilliam, C. Wiles Carlton (Eds.)

Butylina, S., Martikka, O. and Karki. T. (2011). Physical and Mechanical Properties
of Wood Polypropylene Composites Made with Virgin and/or Recycled
Polypropylene. Polymer-Plastics Technology and Engineering. 50 (10), 1040-
1046.



307

Calais, J. G, Soderholm, K. J. M. (1998). Influence of Filler Type and Water
Exposure on Flexural Strength of Experimental Composite Resin. Journal of
Dental Research. 67, 836-840.

Callister, W. D. (2003). Materials Science and Engineering: An Introduction. New
York, NY: John Wiley and Sons.

Campbell, F.C. (2010). Introduction to Composite Materials Chapter 1. Structural
Composite Materials. ASM International.

Carlsson, D. J. and Wiles, D. M. (1976). The Photooxidative Degradation of
Polypropylene Part I. Photooxidation and Photoinitiation Process. Journal of
Macromolcular Science C. 14, 65-106.

Carlson, D., Nie, L., Narayan, R. and Dubois, P. (1999). Maleation of Polylactide
(PLA) By Reactive Extrusion. Journal of Applied Polymer Science. 72,477-485.

Carter, M., Baker, N. and Burford, R. (1995). Polymer Encapsulation of Arsenic
Containing Waste. Journal of Applied Polymer Science. 58, 2039-2046.

Carvalho, L. H. (1997). Chemical Modification of Fibers for Plastics Reinforcement
in Composites. Lignocellulosic-Plastics Composites. A. L. Leao, F. X. Carvalho,
and E. Frollini (eds.), USP and UNESP, Brazil.

Chandra, R. and Rustgi, R. (1997). Biodegradation of Maleated Linear Low-density
Polyethylene and Starch Blends. Polymer Degradation Stability. 56, 185-202.
Chen, K. S., Chen, H. C. and Chou, Y. M., 1999. Kinetic of Thermal and Oxidative
Decomposition of Printed Circuit Boards. Journal of Environmental

Engineering. 125, 277-283.

Chen, H. C., Chen, T. Y., Hsu, C. H. (2006). Effects of Wood Particle Size and
Mixing Ratios of HDPE on the Properties of the Composites. Holzals Roh-und
Werkstoff. 64(3), 172-7.

Chiang, H. L., Lin, K. H., Lai, M. H., Chen, T. C. and Ma, S. Y. Pyrolysis
Characteristics of Integrated Circuit Boards At Various Particle Sizes and
Temperatures. Journal of Hazardous Materials. 2007, 149, 151-159.

Cho, J. W. and Paul, D. R. (2001). Glass Fiber-Reinforced Polyamide Composites
Toughened with ABS and EPR-g-MA. Journal of Applied Polymer Science. 11,
484-497.

Chow, C. P. L., Xing, X. S. and Li, R. K. Y. (2007). Moisture Absorption Studies of
Sisal Fiber Reinforced Polypropylene Composites. Composite Science and
Technology. 67: 306-313.



308

Christensen, T. H., Cossu, R. and Stegmann, R. (1992). Landfill Leachate: An
Introduction in Landfilling of Waste: Leachate. Elsevier Applied Science. 3-14.

Clemens, C. (1995). Exploratory Microscopic Investigation of Impacted Paper Fiber
Reinforced Polypropylene Composite. Proceedings of Wood Fiber-Plastic
Composites, Madison, Wisconsin. 7293, 173-179.

Clemons, C., and Ibach, R.E. (2004). Effects of Processing Method and Moisture
History on Laboratory Fungal Resistance of Wood-HDPE Composites. Forrest
Products Journal. 54, 50-57.

Colom, X., Carrasco, F., Pages, P. and Cafavate, J. (2003). Effects of Different
Treatments on The Interface of HDPE/lignocellulosic Fiber Composites.
Composites Science and Technology. 63, 161-169

Connor, J. R. (1990). Chemical Fixation and Solidification of Hazardous Wastes.
New York: Van Nostrand Reinhold. Chemical Waste Management Inc.

Coombs, C. (2001). Printed circuit handbook, McGraw Hill, fifth edition.
Coordination Chemistry Reviews. 125, 219-230.

Corbiére-Nicollier, T., Gfeller, L. B., Lundquist, L., Leterrier, Y., Manson, J. A. E.
and Jolliet, O. (2001). Life Cycle Assessment of Biofibres Replacing Glass
Fibres As Reinforcement in Plastics. Resources Conservation and Recycling .33,
267-87.

Cote, P.L., Bridle, T.R. and Andrew, B. (1986). An Approach for Evaluating Long
Term Leachability From Measurement of Intrinsic Waste Properties. Hazardous
and Industrial Solid Waste Testing and Disposal: Sixth Volume, ASTM STP
993. American Society for Testing and Materials, Philadelphia. 63-78.

Craig, I. H. and White, J. R. (2005). Crystallization and Chemi-crystallization of
Recycled Photodegradation Polyethylenes. Polymer Engineering and Science.
588-595.

Cruz, S. A. and Zanin, M. (2003). Evaluation and Identification of Degradative
Processes in Post-Consumer Recycled High-density Polyethylene. Polymer
Degradation and Stability. 80, 31-37.

Cui, J. and Forssberg, E. (2003). Mechanical Recycling of Waste Electric and
Electronic Equipment: A Review. Journal of Hazardous Materials. 99, 243-
263.



309

Czigany, T. (2006). Special Manufacturing and Characteristics of Basalt Fiber
Reinforced Hybrid Polypropylene Composites: Mechanical properties and
acoustic Emission Study. Composites Science and Technology. 66, 3210-3220.

Dalrymple, 1., Wright, N., Kellner, R., Bains, N., Geraghty, K., Goosey, M. and
Lightfoot, L. (2007). An Integrated Approach to Electronic Waste (WEEE)
Recycling. Circuit World. Emerald Group Publishing Limited. 33(2), 52-58.

Dang, W., Kubouchi, M., Yamamoto, S., Sembokuya, H. and Tsuda, K. (2002). An
Approach to Chemical Recycling of Epoxy Resin Cured With Amine Using
Nitric aZcid. Polymer. 43, 2953-2958.

Darby, L. and Obara, L. (2005). Household Recycling Behaviour and Attitudes
Towards The Disposal of Small Electrical and Electronic Equipment. Resources
Conservation and Recycling. 1, 17-35.

Dash, B. N., Rana, A. K., Mishra, H. K., Nayak, S. K. and Tripathy, S. S. (2000).
Novel Low-Cost Jute—Polyester Composites. Ill. Weathering and Thermal
Behavior. Journal of Applied Polymer Science. 78, 1671-1679.

Davis, A. and Sims, D. (1983). Weathering of Polymers. Ultraviolet radiation
London: Applied science publishers. 21.

Darren, K. (2009). Recycling and Recovery. Issues in Environmental Science and
Technology. Electronic Waste Management. 27, 91-110.

Dearmitt, C. and Rothen, R. (2002). Filler and Surface Treatment. Plastic additives
and compounding. 23, 232-239.

Demir, H., Atikler, U., Balkose, D. and Tihminlioglu. F. (2006). The Effect of Fiber
Surface Treatments on The Tensile and Water Sorption Properties of
Polypropylene-luffa Fiber Composites. Composites Part A. 37, 447-456.

Deng, W. J. and Louie, P. K. (2006). Atmospheric Levels and Cytotoxicity of PAHs
and Heavy Metals in TSP and PM2.5 At An Electronic Waste Recycling Site in
Southeast China. Atmospheric Environment. 40, 6945-6955.

Deng, J. J., Wen, X. F. and Zhao, Y. M. (2008). Evaluating the Treatment of E-
waste- A Case Study of Discarded Refrigerators. Journal of China University of
Mining and Technology. 18, 454-458.

DOE. (2005a). The E-waste Inventory Report in Malaysia. Department of

Environment.



310

DOE. (2005b). Guidelines For The Application of Special Management of Scheduled
Waste. Regulation 7 (1), Environmental Quality (Scheduled Waste) Regulation
2005.

DOE. (2007). The E-waste Inventory Report in Malaysia. Department of
Environment.

DOE. (2009). The E-waste Inventory Report in Malaysia. Department of
Environment.

DOE. (2012). The E-waste Inventory Report in Malaysia. Department of
Environment.

DOE. (2013). The E-waste Inventory Report in Malaysia. Department of
Environment

DeWilde. and P.W., Frolkovic, P., (1994). The Modelling of Moisture Absorption in
Epoxies: Effects at the Boundaries. Composites. 25(2), 119-127.

Dhakal, H. N., Zhang, Z. Y. and Richardson, M. O. W. (2006). Effect of Water
Absorption on the Mechanical Properties of Hemp Fiber Reinforced Unsaturated
Polyester Composites. Composite Science and Technology. 67, 1674-1683.

Doan, T. T. L., Gao, S. L. and Méder, E. (2006). Jute/polypropylene Composites 1.
Effect of Matrix Modification. Composites Science and Technology. 66, 952—
963.

Dontulwar, J. R., Borikar, D. K. and Gogte, B. B. (2006). Synthesis and
Characterization of Biodegradable Polymer From Mixed Carbohydrate and
Maleic Anhydride As Precursor. Carbohydrate Polymers. 63, 375-378.

Duan, C., Wen, X., Shi, C., Zhao, Y., Wen, B. and He, Y. (2011). Recovery of
Metals From Waste Printed Circuit Boards by a Mechanical Method Using a
Water Medium. Journal of Hazardous Materials. 166 (1), 478-482.

Ebenezer, O. S., Osumanu, I. K. and Yahaya, A. K. (2013). An Analysis of the
Plastic Waste Collection and Wealth Linkages in Ghana. International Journal
of Current Research. 5 (1), 205-209.

Ehrig, R. J. (1992). Plastics recycling: Products and process. Hanser, New York.

EPA. (1990). Environmental Protection Act, Part Il. Waste on Land. Environmental
Agency. England and Wales, Scotland.

EPU. (2006). Ninth Malaysia Plan 2006-2010. Economic Planning Unit Malaysia.
PNMB, Kuala Lumpur.



311

Espert, A., Vilaplana, F. and Karlsson, S. (2004). Comparison of Water Absorption
in Natural Cellulosic Fibers from Wood and One-Year Crops in Polypropylene
Composites and Its Influence on Their Mechanical Properties. Composites Part
A. 35, 1267-1276.

Fabiyi, J. S., McDonald, A. G. and Wolcott, M. P. (2006). Accelerated weathering of
modified wood flour plastic composites. In: Proc. of the 4th International Conf.
of Advance Material and Processing. Dec. 10-13, Hamilton, New Zealand.

Fallman, A. M. and Hartlen, J. (1996). Utilization of EAF Slag in Road Construction.
Enviromental Geotechnics. Rotterdam: Balkena. 703-708

Finnveden, G., Albertsson, A. C., Berendson, J., Eriksson, E., Hoglund, L. O.,
Karlsson, S. and Sundqvist, J.O. (1995). Solid Waste Treatment Within the
Framework of Life-Cycle Assessment. Journal of Cleaner Production. 3, 189-
199.

Franz, E. M., Heiser, J. H. and Colombo, P. (1987). Immobilization of Sodium
Nitrate Waste With Polymers, Topical Report, BNL52081, Brookhaven National
Laboratory, Upton, NY.

Faucette, A. M., Logsdon, B. W., Lucerna, J. J. and Yudnich, R. J. (1994). Polymer
Solidification of Mixed Wastes at The Rocky Flats Plant. Proceedings of the
Symposium on Waste Management. Tucson, AZ.

Felix, J. M., Gatenholm, P. (1991). The Nature of Adhesion in Composites of
Modified Cellulose Fibers and Polypropylene. Journal of Applied Polymer
Science. 42(3), 609-620.

Gandy, M. (1994). Recycling and Politics of Urban Waste. Earthscan. London.

Gachter, R. and Muller, H. (1993). Plastic Additives Handbook. Ohio:
Hanger/Gardner Publications Inc. 539-541.

Gary, C., Stevens., Martin, G. (2009). Materials Used in Manufacturing Electrical
and Electronic Products: Issues in Environmental Science and Technology.
Electronic Waste Management. 27, 40-73.

Gatenholm, P. and Felix, J. (1993). Methods for Improvement of Properties of
Cellulose Polymer Composite in Wood Fiber/Polymer Composites: Fundamental
Concepts, Process, and Material Options. Forest Product Society, Madison.

Gauthier, R., Joly, C., Coupas, A. C., Gauthier, H. and Escoubes, M. (1998).

Interfaces in Polyolefin/Cellulosic Fiber Composites: Chemical Coupling,



312

Morphology, Correlation with Adhesion and Aging in Moisture. Polymer
Composites. 19(3), 287-300.

Gaylord, N. G. and Mehta, M. (1982). Role of Homopolymerization in The
Peroxidecatalyzed Reaction of Maleic Anhydride and Polyethylene in the
Absence of Solvent. Journal of Polymer Science: Polymer Letters Edition. 20,
481-486.

Geng, Y. K., Li., Simonsen, J. (2001). Effect of a New Compatibilizer System on
The Flexural Properties of Wood Polyethylene Composites. Journal of Applied
Polymer Science. 9, 3667- 3672.

George, B., Suttie, E., Merlin, A. and Deglise, X. (2005). Photodegradation and
Photostabilisation of Wood - The State of The Art. Polymer Degradation and
Stability. 88, 268-274.

Gijsman, P. and Dozeman, A. (1996). Comparison of the UV-Degradation Chemistry
of Unstabilized and HALS-Stabilized Polyethylene and Polypropylene. Polymer
Degradation and Stability. 53(1), 45-50.

Gilliam, T. M. and Wiles, C. C. (1992). Stabilization and Solidification of Hazardous
Radioactive and Mixed Wastes. ASTM. Philadelphia, United State. 2, 250.

Gonzaéles, M. (2014). Green Project Management — A Case Study in Sustainability
Management of Chemical Containers for Social Good: Child Health and
Nutrition. PM World Journal. 3 (7).

Goosey, M. and Kellner, R. (2003). Recycling Technologies for the Treatment of
End of Life Printed Circuit Boards (PCB). Circuit World. 29, 33-37.

Gopakumar, T. G., Ponrathnama, S., Lele, A., Rajan, C. R. and Fradet, A. (1999).
In-situ Compatibilisation of Poly(phenylene sulphide)/wholly Aromatic
Thermotropic Liquid Crystalline Polymer Blends by Reactive Extrusion
Morphology, Thermal and Mechanical Properties. Polymer. 40, 357-364.

Grause, G., Furusawa, M., Okuwaki, A. and Yoshioka, T. (2008). Pyrolysis of
tetrabromobisphenol-A Containing Paper Laminated Printed Circuit Boards.
Chemosphere. 71, 872-878.

Gray, A. P. (1970). Polymer Crystallinity Determination by DSC. Thermochimia
Acta. 1, 563-579.

Gulmine, J. V. and Akcelrud, L. (2006). FTIR Characterization of Aged XLPE.
Polymer testing. 25, 932-942.



313

Guo, J., Rao, Q. and Xu, Z. (2008). Application of Glass Non-metals of Waste
Printed Circuit Boards To Produce Phenolic Moulding Compound. Journal of
Hazardous Materials. 153, 728-734.

Guo, J., Jie, G. and Zhenming, X. (2009). Recycling of Non-metallic Fractions From
Waste Printed Circuit Boards: A Review. Journal of Hazardous Materials. 168,
567-590.

Guo, J., Tang, Y. and Xu, X. (2010). Wood Plastic Composite Produced by
Nonmetals From Pulverized Waste Printed Circuit Boards. Environmental
Science and Technology. 11, 463 — 468.

Hadi, P., Gao, P., Barford, John, P., McKay., Gordon. (2013). Novel application of
the nonmetallic fraction of the recycled printed circuit boards as a toxic heavy
metal adsorbent. Journal of hazardous materials. 15, 252-253.

Hadi, P., Ning, C., Ouyang, W., Lin, C. S. K. Hui, C. W. McKay. G. (2014).
Conversion of An Aluminosilicate-based Waste Material to High-value Efficient
Adsorbent. Chemical Engineering Journal. 256, 415-420.

Hageluken, I. C. (2008). Recycling of E-scrap in a Global Environment opportunities
and Challenges: E-waste, Implications, Regulations, and Management in India
and Current Global Best Practices. The Energy and Resources Institute. 217-231

Hall, W. J. and Williams, P. T. (2007). Separation and Recovery of Materials From
Scrap Printed Circuit Board. Resources, Conservation and Recycling. 51, 691-
700.

Hamid, H. S., Amin, M. B. and Maadhah, A. G. (1992). Handbook of polymer
degradation. Maecel dekker Inc., New York.

Hamid, S. H. and Amin, M.B. (1995). Lifetime Prediction of Polymers. Journal of
Applied Polymer Science. 55(10), 1385-1394.

Harper, D. and Wolcott, M. (2004). Interaction Between Coupling Agent and
Lubricants in Wood--Polypropylene Composites. Composites Part A. 35, 385.

Hatakeyema, H., Tanamachi, N., Matsumura, H., Hirose, S. and Hatakeyama. T.
(2005). Biobased Polyurethane Composite Foams With Inorganic Fillers Studied
by Thermogravimetry. Thermmochim. Acta. 431, 155 — 160.

Havlik, T., Orac, D., Petranikova, M. and Miskufova, A. (2011). Hydrometallurgical
Treatment of Used Printed Circuit Boards After Thermal Treatment. Waste
Management. 31, 1542-1546.



314

Hedenberg, P. and Gatenholm, P. (1995). Conversion of Plastic/Cellulose Waste into
Composites. I. Model of the Interphase. Journal of Applied Polymer Science. 56,
641-651.

Herrera, M., Matuscheck, G. and Kettrup, A. (2003). Fast Identification of Polymer
Additives by Pyrolysis-gas Chromatography/mass Spectrometry. Journal of
Analytical and Applied Pyrolysis. 70, 35-42.

Hino, T., Agawa, R., Moriya, Y., Nishida, N., Tsugita, Y. and Araki, T. (2009).
Techniques to Separate Metal From Waste Printed Circuit Boards From
Discarded Personal Computers. Journal of Materials Cycles and Waste
Management. 11, 42-54.

Hoekstra, H. D., Spoormaker, J. L. and Breent, J. (1997). Mechanical and
Morphological Properties of Stabilized and Non-stabilized HDPE Films Versus
Exposure Time. Die Angewandte Makromolekulare Chemie. 247 (1), 91-110,

Holmes, 1. (2009). Dumping, Burning and Landfill. : Issues in Environmental
Science and Technology. Electronic Waste Management. 27, 75-89.

Hon, D. N. S. (2001). Weathering and Photochemistry of Wood in Wood and
Cellulosic Chemistry, Chapter 11, 513-546, Hon, D. N. S. and Shiraishi, N.
(Eds). Marcel Dekker, Inc., New York.

Hon, D. N. S. and Minemura, N. (2011). Color and Discoloration, in Wood and
Cellulosic Chemistry. Chapter 9, 385-442, D.N.S. Hon and N. Shiraishi (Eds).
Marcel Dekker, Inc., New York.

Huang, C. Y., Roan, M. L., Kuo, M. C., Lu, W. L. (2005). Effect of Compatibilizer
on the Biodegradation and Mechanical Properties of High Content Starch/Low
Density Polyethylene Blends. Polymer Degradation and Stability. 90(1), 95-105.

Hull, D. (1981). An Introduction to Composite Materials. Cambridge University
Press, Cambridge.

IDEM . (2000). Indiana Water Quality Report.

Jabarin, S. A. and Lofgren, E. A. (1994). Photo-oxidative Effects on Properties and
Structure of High Density Polyethylene. Journal of Applied Polymer Science.
53(4), 411-423.

Jacob, M., Varughese, K. T. and Thomas, S. (2005). Water Sorption Studies on
Hybrid Bio-fiber Reinforced Natural Rubber Biocomposite. Biomacromolecules.
6(6), 2969-2979.



315

Jana, C. J. and Prieto, A. (2002). Natural fibre Composites of high temperature
thermoplastics Polymer Effect of coupling agents. Journal of Applied Polymer
Science. 86, 2173.

Jang, Y. and Townsend, T. (2003). Leaching of Lead From Computer Printed Wire
Boards and Cathode Ray Tubes by Municipal Solid Waste Landfill Leachate.
Environmental Science and Technology. 37. 4718-4784.

Janz, A. and Bilitewski, B. (2008). E-Waste: Implications, Regulations, and
Management in India and Current Global Best Practices. The Energy and
Resources Institute, New Delhi, India. 99.

Jawaid, M. and Abdul Khalil, H. P. S. (2011). Cellulosic/synthetic Fibre Reinforced
Polymer Hybrid Composites: A review. Carbohydrate Polymer. 86, 1-18.

Jayaraman, K. and Bhattacharya, D. (2004). Mechanical performance of wood fibre—
waste plastic composite materials. Resources Conservation and Recycling.
41(4), 307-19.

Johan, M. F. and Paul, G. (1991). The Nature of Adhesion in Composites of
Modified Cellulose Fibers and Polypropylene. Journal of Applied Polymer
Science. 42, 609-620.

Joseph, P.V., Mattoso, L.H.C., Joseph, K. and Thomas, S. (2002). Environmental
Effects on the Degradation Behaviour of Sisal Fibre Reinforced Polypropylene
Composites. Composites Science and Technology. 62, 1357-1372.

Joseph, L. (2006). Printed Circuit Board Industry. International Journal of Hygiene
and Environmental Health. 209, 211-219.

Julian, J. M., Anderson, D. G., Brandau, A. H., McGinn, J. R. and Millon, A. M.
(1991) An Infrared Spectroscopy Atlas for the Coatings Industry. Federation of
Societies for Coatings Technology, Blue Bell, PA, USA. 4(1).

Kahar, A.W., Ismail, H., and Othman, N. (2012). Effects of Polyethylene-grafted
Maleic Anydride As A Compatibilizer on the Morphology and Tensile
Properties of (Thermoplastic Tapioca Starch)/(High-density Polyethylene)/
Natural Rubber) Blend. Journal of Vinyl and Additive Technology . 18(1), 65-70.

Kalambur, S. and Rizvi, S. S. H. (2006). An Overview of Starch-Based Plastic
Blends From Reactive Extrusion. Journal of Plastic and Film Sheet. 22, 39-58.

Kalb, P. D. and Colombo, P. (1984). Polyethylene Solidification of Low-Level
Wastes. Topical Report, BNL-51867. Brookhaven National Laboratory, Upton,
NY.



316

Kalb, P. D., Heiser, J.H. and Colombo, P. (1991). Polyethylene Encapsulation of
Nitrate Salt Wastes: Waste Form Stability, Process Scale-up, and Economics.
BNL- 52293. Brookhaven National Laboratory, Upton NY.

Kalb, P. D., Adams, J. W., Meyer, M. and Holmes, H. B. (1996). Thermoplastic
Encapsulation Treatability Study for a Mixed Waste Incinerator Off-Gas
Scrubbing Solution. Stabilization and Solidification of Hazardous, Radioactive
and Mixed Wastes, 3rd Vol. ASTM STP-1240, American Society for Testing
and Materials, W. Conshohocken, PA.

Kalb, P. D. and P. Colombo. (1998). Composition and Process for The Encapsulation
and Stabilization of Radioactive, Hazardous and Mixed Wastes. United States
Patent No. 5,732,364.

Kamdem, D. P. J. H., Cui, W., Freed, J., Matuana, L. M. (2004). Properties of wood
plastic composites made of recycled HDPE and wood flour from CCA-treated
wood removed from service. Compos Part A: Applied Science and
Manufacturing. 35, 347-55.

Kannan, K., and Misra, A. (1994). Short Glass Fiber Reinforced PA 6 and ABS
Blends. International Polymer Processing. 9(2),184-192.

Kang, H. Y. and Schoenung, J. M. (2005). Electronic Waste recycling: A review of
US infrastructure and technology options. Resources Conservation and
Recycling. 4, 368-400.

Karimi, A.N., Tajvidi, M. and Pourabbasi, S. (2007). Effects of Compatibilization of
Natural Durability of Wood Flour/High Density Polyethylene Composites
Against Rainbow Fungus (Coridus Versicolor). Polymer Composites. 28(3),
273-277.

Karmenker, A. C. and Youngquest, J. A. (1996). Injection Molding of Polypropylene
Reinforced with Short Jute Fibers. Journal of Applied Polymer Science. 62,
1147-1151.

Kartalis, C. N., Papaspyrides, C. D. and Pfaendner, R. (2000). Recycling of Post-
used PE Packaging Film Using the Restabilization Technique. Polymer
Degradation Stability. 70, 189-197.

Kasper, A. C., Bernardes, A. M. and Veit, H. M. (2011). Characterization and
Recovery of Polymers From Mobile Phone Scrap. Waste Management
Resources. 29 (7), 715-726



317

Kauly, T., Keren, B. and Siegmann, A. (1996). Highly Filled Thermoplastic
Composites. II: Effects of Particle Size Distribution on Some Properties.
Polymer composites. 17, 806-815.

Kazayawoko, M., Balatinecz, J. J. and Woodhams, R. T. (1997). Diffuse Reflectance
Fourier Transform Infrared Spectra of Wood Fibers Treated With Maleated
Polypropylenes. Journal of Applied Polymer Science. 66, 1163-1173.

Kazayawoko, M., Balatinecz, J. J. and Matuana, L. M. (1994). Surface Modification
and Adhesion Mechanisms in Wood Fiber-polypropylene Composites. Journal
of Material Science. 34, 6189-6199.

Keener, T.J., Stuart, R.K., Brown, T.K. (2004). Maleated Coupling Agents for
Natural Fibre Composites. Composites Part A: Applied Science and
Manufacturing. 35(3), 357-362.

Keener, T. J., Stuart, R. K., Brown, T. K. (2004). Maleated Coupling Agents for
Natural Fibre Composites. Composites Part A: Applied Science and
Manufacturing. 35(3), 357-362.

Keledi, G., Sudar, A., Burgstaller, C. H., Renner, K., Moczo, J., Pukanszky, B.
(2012). Tensile and impact properties of three-component PP/wood/elastomer
composites. Express Polymer Letter. 6, 224-236.

Kellner, R. (2009). Integrated Approach to E-waste Recycling: Issues in
Environmental Science and Technology. Electronic Waste Management. 27,
111-160.

Khan, J. H., and Ahmed, N. (2003). Photo-oxidative Degradation of Recycled,
Reprocessed Hdpe: Changes in Chemical, Thermal and Mechanical Properties.
Bulgarian Journal of Physics. 30, 158-169

Kim, H. S., Kim, S., Kim, H. J., Yang, H. S. (2006). Thermal Properties of Bio-flour-
Filled Polyolefin Composites With Different Compatibilizing Agent Type and
Content. Thermochimia Acta. 451, 181-188.

Kim, H. S, Yang, H. S, Kim, H. J, Park, H. J. (2004). Thermogravimetric Analysis of
Rice Husk Flour Filled Thermoplastic Polymer Composites. Journal of Thermal
Analysis and Calorimetry. 76(2), 395-404.

Kim, A. G. (2002). CCB Leaching Summary: Survey of Methods and Results, in
Vories, K.C., Throgmarton (Eds). Proceedings of Coal Combustion By-Products

and Western Coal Mines: A Technical Interactive Forum. Alton IL.



318

Klundert, Arnold van der, Muller, Maria, Scheinberg, Anne, Dulac, Nadine,
Anschutz, Justince and Hoffman, Lane (2001), Integrated Sustainable Waste
Management: A Set of Five Tools for Decision-makers, WASTE, Gouda.

Kong, Y. and Hay, J. N. (2002). The Measurement of the Crystallinity of Polymers
by DSC. Polymer. 43, 3873-3878.

Kord, B. and Hosseini, S.M.K. (2011). Effect of Nanoclay Dispersion on Physical
and Mechanical Properties of Wood Flour/Polypropylene/glass Fiber Hybrid
Composites. Hybrid Nanocomposites. Bio Resources. 6(2), 1741-1751.

Kreith F. (1994). A Handbook of Solid Waste. McGraw-Hill, New York.

Ku Marsilla, K. I. and Verbeek. C. J. R. (2013). Properties of Bloodmeal/Linear
Low-density Polyethylene Blends Compatibilized with Maleic Anhydride
Grafted Polyethylene. Journal of Applied Polymer Science. DOI:
10.1002/APP.39323.

Kurian, J., Kku, S.E., Lanivelu, K.P. and Vam, A.S. (2003). Studies on Landfill
Mining at Solid Waste Dumpsites in India. In: Proceeding of Ninth International
Waste Management and Landfill Symposium, Cagliari, Italy.

Kusmono. (2008). Effects of Clay Modification and Compatibilizers on the
Mechanical, Morphological, and Thermal Troperties of
Tolyamide/Polypropylene Tanocomposites. Ph.D. Thesis. Universiti Sains
Malaysia, Penang.

Labunska, 1., Santillo, D., Johnston, P., Stringer, R. and Stephenson, A. (2000).
Heavy Metal and Organic Contaminants in the Vicinity of The Teshima Island
lllegal Dumpsite, Kagawa Prefecture, Japan. Technical Note, Greenpeace
Research Laboratories.

Lageraaen, P. R., Patel, B. R., Kalb, P. D. and Adams, J. W. (1995). Treatability
Studies for Polyethylene Encapsulation of INEL Low-Level mixed Wastes.
BNL-62620, Brookhaven National Laboratory, Upton, NY.

LaGrega, M. D., Buckingham, P. L. and Evans, J. C. (1994). Stabilization and
Solidification. Hazardous Waste Management. McGraw-Hill. 641-704.

Lai, S. M., Yeh, F.C., Wang, Y., Chan, H. C. and Shen, H. F. (2003). Comparative
Study of Maleated Polyolefins as Compatibilizers for Polyethylene/Wood Flour
Composites. Journal of Applied Polymer Science. 87, 487-96.

La Mantia, F. (2002). Handbook of Plastics Recycling, first ed., Rapra Technology



319

LaMantia, F. P. and Morreale, M. (2008). Accelerated Weathering on
Polypropylene/Woof Flour Composites. Polymer Degradation and Stabiliy. 93,
1252-1258.

Law of Malaysia. (2007). Act 672, Solid Waste and Public Cleansing Management
Act 2007. Malaysia: Government of Malaysia.

Lee, S. Y, Yang, H. S., Kim, H. J., Jeong, C. S., Lim, B. S. and Lee, J. N. (2004).
Creep Behavior and Manufacturing Parameters of Wood Flour Filled
Polypropylene Composites. Composites Structure. 65(3), 459-609.

Leong, Y. W., Bakar, M. B., Ishak, Z. A. M., Arifin, A. and Pukanszky, B. (2003).
Comparison of the Mechanical Properties and Interfacial Interactions Between
Talc, Kaolin, and Calcium Carbonate Filled Polypropylene Composites. Applied
polymer science. 91, 3315-3326.

Li, Q. and Matuana, L.M. (2003). Surface of Cellulosic Materials Modified With
Functionalized Polyethylene Coupling Agents. Journal of Applied Polymer
Science. 88, 278-86.

Li, Q. (2002). Extrusion Foaming of Polyolefin/Wood — Flour Composites, Ph.D.
Thesis, Michigan Technological University.

Li, J., Duan, H. Yu., Liu, K., Wang, S. (2010). Characteristic of Low-temperature
Pyrolysis of Printed Circuit Boards Subjected to Various Atmosphere.
Resources, Conservation and Recycling. (54), 810-815.

Liang, H., Sun, S., Long, L. and Li, S. (2011). Study on Polypropylene Matrix
Composites Filled With Glass Fiber Recycled from Waste Printed Circuit
Board. International Conference on Computer Distributed Control and
Intelligent Environmental Monitioring. 11, 1764-1768.

Lim, S. R., Kang, D., Ogunseitan, O. A. and Schoenung, J. M. (2011). Potential
Environmental Impacts of Light-emitting Diodes (LEDs): Metallic Resources,
Toxicity, and Hazardous Waste Classification. Environmental Science and
Technology. 45, 320-327.

Lin, Q., Zhou, X. and Dai, G. (2002). Effect of Hydrothermal Environment on
Moisture Absorption and Mechanical Properties of Wood Flour-Filled
Polypropylene Composites. Journal of Applied Polymer Science. 85, 2824-2832.

Lincoln, J. D. and Ogunseitan, O. A. (2005). Advanced Packaging Materials:

Processes, Properties and Interfaces: Environmentally benign materials for



320

electronics: a review of current developments and emerging technologies.
Proceedings International Symposium on. Portland: IEEE.

Lincoln, J. D., Ogunseitan, O. A., Shapiro, A. A. and Saphores, J. D. M. (2007).
Leaching Assessments of Hazardous Materials in Cellular Telephones.
Environmental Science and Technology. 41(7), 2572—-2578.

Liu, W., Wang, X., Lei, W., Shang, T. and Zhou, Q. (2011). Progress in the
Preparation of Composites Based on the Nonmetallic Fractions Recycled from
Waste Printed Circuit Boards. Advanced Materials Research. 160-162, 518-523

Lopes, P. E. and J. A. Sousa. (2005). Influence of PP-g-MAH Compatibilizer
Characteristics on Interphase and Mechanical Properties of Glass Fiber
Reinforced Polypropylene Composites. Proc. 14th Brazilian Congress on
Materials Engng. & Sci. 23501-23512.

Lu. J. Z. and Wu Q. (2005). Wood Fibre/ High Density Polyethylene Composites:
Coupling Agent Performance. Journal of Applied Polymer Science. 96, 93-102.

Lundin, T., Steven, M., Cramer; Robert, H., Falk. and Felton, C. (2004). Accelerated
Weathering of Natural Fiber-Filled Polyethylene Composites. Journal of
Materials in Civil Engineering. 547 — 555.

Maldas, D. and Kokta, B. V. (1989). Improving Adhesion of Wood Fiber with
Polystyrene by Chemical Treatment of Wood Fiber with a Coupling Agent and
the Influence on the Mechanical Properties of Composites. Journal of Adhesion
Science Technology. 3, 529-5309.

Mani, R., Bhattacharya, M. and Tang, J. (1999) Functionalization of Polyesters With
Maleic Anhydride by Reactive Extrusion. Journal of Polymer Science Part A-
Polymer Chemistry. 37, 1693-1702.

Mani, R., Currier, J. and Bhattacharya, M. (2000) Polymerization of
Epsiloncaprolactone With Maleic Anhydride: Synthesis andAharacterization.
Journal of Applied Polymer Science. 77, 3189-3194.

Mankhand, T.R., Singh, K.K., Gupta, S.K. and Das, S. (2012). Pyrolysis of Printed
Circuit Boards. International Journal of Metallurgical Engineering. 1(6), 102-
107.

Marom, G. (1985). The Role of Water Transport in Composites Materials. In Comyn,
J. (ed.) Polymer Permeability. New York : Elsevier Applied Science Publishers.
368-374.



321

Martin, W. J. (1997). Printed Circuit Board Materials Handbook. McGraw-Hill,
Chatsworth California.

Martin, J. W., Chin, W. E., Byrd, E., Embree. and Kraft, K. M. (1999). An
Integrating Sphere-Based Ultraviolet Exposure Chamber Design for the
Photodegradation of Polymeric Materials. Polymer Degradation and Stability.
63(2), 297-304.

Mat Taib, R., Mohd Ishak, Z. A., Rozman, H. D. and Glasser, W. G. (2006). Effect
of Moisture Absorption on the Tensile Properties of Steam-Exploded Acacia
mangium Fiber—Polypropylene Composites. Journal of Thermoplastic and
Composite Material. 19, 475-489.

Mashitah, M. D., Vel, M. V. and Bakar, A. M. D. (2000). Stabilization of Industrial
Hazardous Wastes by Oil Palm Mill Incinerator Ash. Prosiding Seminar
Persekitaran 2000. Perak. Universiti Sains Malaysia. 195-200.

Matsufuji, Y. and Sinha, K. (1990). Landfill Site and Improvement in Design For
Sanitary Landfill in Malaysia. In: S. L. Tong [Ed.] Hazardous Waste Regulation
and Management. ENSEARCH Publisher, Kuala Lumpur. 175-199.

Matuana, L. M. (1997). Wood Fiber/Polyvinyl Chloride Composites and Their
Microcellular Foams, Ph.D. Thesis, University of Toronto.

Mazumdar, S. K. (2002). Composites Manufacturing: Materials, Product, and
Process Engineering, CRC Press.

Mazzocchia, C., Kaddouri, A., Modica, G., Nannicini, R., Audisio, G., Barbieri, C.
and Bertini, F. (2003). Hardware Components Wastes Pyrolysis: Energy
Recovery and Liquid Fraction Valorisation. Journal of Analytical and Applied
Pyrolysis.70, 263.

Meakin, S. (1992). Hazardous Waste Management: Canadian Directions.
Government of Canada. Depository Services Program.

Mehrabzadeh, M., Kamal, M. R. and Quintanar, G. (2009). Maleic Anhydride
Grafting onto HDPE by In situ Reactive Extrusion and its Effect on Intercalation
and Mechanical Properties of HDPE/Clay Nanocomposites. Iranian Polymer
Journal. 18 (10), 833-842.

Menad, N., Bjorkman, B. and Allain, E. G. (1998). Combustion of Plastics Contained
in Electric and Electronic Scrap. Resource, Conservation and Recycling. 24, 65-
85.



322

Mendes, M. R. and Imura. H. (2004). From End of Pipe Approach to the Creation of
A Sound Material Cycle Society: Asian cases. ISWA World Conference, Rome,
Italy.

Mengeloglu, F., Matuana, L. M. and King, J. (2000). Effects of Impact Modifiers on
the Properties of Rigid PVC/Wood-Fibre Composites. Journal of Vinyl
Additives. Technology. 6(3), 153-157.

Mengeloglu, F. and Karakus.K. (2012). Mechanical Properties of Injection-molded
Foamed Wheat Straw Filled HDPE Biocomposites: The Effects of Filler
Loading and Coupling Agent Contents. Foamed Composites, BioResources.
7(3), 3293-3305.

Michaeli, W. and Breyer, K. (1998). Polymer Recycling, Status and Perspectives.
Macromolecular Symposia. 135, 83-96.

Mohanty, S., Verma, S.K. and Nayak, S.K. (2006). Dynamic Mechanical and
Thermal Properties of MAPE Treated Jute/HDPE Composites. Composites
Science and Technology. 66, 538-547.

Mou, P., Wa, L., Xiang, D., Gao, J. and Duan, G. (2004). A Physical Process for
Recycling and Reusing Waste Printed Circuit Boards. In: IEEE Conference
Record, International Symposium on Electronic and the Environment. 237-242.

Mou, P., Dong, X. and Guanghong, D. (2007). Products Made From Nonmetallic
Materials. Reclaimed From Waste Printed Circuit Boards. Tsinghua Science and
Technology. 12, 276-283.

Mukherjee, P. S. and Satyanarayana, K. G. (1986). Structure and Properties of Some
Vegetable Fibers. Journal of Materials Science. 21, 51-56.

Muniyandi, S.K., Sohaili, J., Hassan, A. (2013a). Mechanical, thermal,
morphological and leaching properties of nonmetallic printed circuit board waste
in recycled HDPE composites. Journal of Cleaner Production. 57, 327-334.

Muniyandi, S.K., Sohaili, J., Hassan, A. (2013b). Converting non-metallic printed
circuit boards waste into a value added product. Journal of Environmental
Health Science and Engineering.11 (2), 1-8.

Muniyandi, S.K., Sohaili, J., Hassan, A. (2014). Encapsulation of nonmetallic
fractions recovered from printed circuit boards waste with thermoplastic.
Journal of the Air & Waste Management Association. 64(9), 1085-1092.



323

Muniyandi, S.K., Sohaili, J., Hassan, A. (2015). Effect of weathering on the
properties of recycled high density polyethylene based nonmetallic printed
circuit boards waste composite. Malaysian Journal of Civil Engineering, MJCE.
27 (1) 2015.

Najafi, S. K. Tajridi, M and Chaharmahli, M. (2006). Long- term Water absorption
behaviour of lignocellulosic- high density poltethylene composites. Journal of
Applied Polymer Science. 102, 3907-3911.

Naik, J.B., and Mishra, S. (2007). Esterification Effect of Maleic Anhydride on
Swelling Properties of Natural Fiber/High Density Polyethylene Composites.
Journal of Applied Polymer Science. 106(4), 2571-2574.

Nando, G. B. and Gupta, B. R. (1996). Short Fiber-Thermoplastic Elastomer
Composites in Short Fiber-Polymer Composites, J. R. White and S. K. De (eds.).
Woodhead Publishing, Cambridge.

Naurah, M. I. (2006). Injection Moulding Parameters and Performance of Rice Husk-
High Density Polyethylene Composites. University Teknologi Malaysia.

Ndiaye, D., Fanton, E., Morlat-Therias, S., Vidal, L., Tidjani, A. and Gardette, J. L.
(2008). Durability of Wood Polymer Composites: Part 1. Influence of Wood on
The Photochemical Properties. Composites Science and Technology. 68(3), 2779
-2784.

Niu X. and Li Y. (2007). Treatment of Waste Printed Wire Boards in Electronic
Waste for Safe Disposal. Journal of Hazardous Materials. 145(3), 410-416.

Nkwachukwu, O. I., Chima, C. H., Ikenna, A. O and Albert, L. (2013). Focus on
Potential Environmental Issues on Plastic World Towards A Sustainable Plastic
Recycling in Developing Countries. International Journal of Industrial
Chemistry. 4(34), 1-13.

Nnorom, I. C. and Osibanjo, O. (2008). Overview of Electronic Waste (e-waste)
Management Practices and Legislations, and Their Poor Applications in the
Developing Countries. Resources, Conservation and Recycling. 52 (6), 843-858.

Oksman, K. and Lindberg, H. (1998). Influence of Thermoplastic Elastomers on
Adhesion in Polyethylene-Wood Flour Composites. Journal of Applied Polymer
Science. 68, 1845-55.

Oner, M. (2000). A Study of Intergrinding and Separate Grinding of Blast Furnace
Slag Cement. Cement and Concrete Research. 30, 473-480.



324

Onggo, H. and Pujiastuti, S. (2010). Effect of Weathering on Functional Group and
Mechanical Properties of Polypropylene-kenaf Composites. Indonesian Journal
of Materials Science. 11(2), 1-6.

Osswald, T. A. and Menges, G. (1995). Materials Science of Polymers for
Engineers. Hanser Publisher, New York.

Oza, S., Wang, R., Lu, N. (2011). Thermal and Mechanical Properties of Recycled
High Density Polyethylene/hemp Fiber Composites. International Journal of
Applied Science and Technology. 1(5).

Ozkoc, G., Bayram, G. and Byramli, E. (2005). Short Glass Fiber Reinforced ABS
and ABS/PA6 Composites. Polymer Composite. 26(6), 745-755.

PACIA. (2008). National Plastics Recycling Survey. Main Survey Report. Hyder
Consulting, Melbourne.

Panyakapo, P. and Panyakapo, M. (2008). Reuse of thermosetting plastic waste for
lightweight concrete. Waste Management. 28, 1581-1588.

Peacock, A .J. (2000). Hand Book of Polyethylene. New York, Marcel Dekker Inc.

Pedroso, A.G., Mei, L.H.I., Agnelli, J.A.M. and Rosa, D.S. (1999). Properties That
Characterize the Propagation of Cracks of Recycled Glass Fiber Reinforced
Polyamide 6. Polymer Testing. 18, 211-215.

Peng, S. H., Chen, L., Gan, G. and Cai, M. (2006). Vacuum Pyrolysis of Waste
Printed Circuit Board. Journal of Chemical Industry and Engineering (China).
57, 2720-27217.

Perrin, D., Clerc, L., Leroy, E., Lopez, C. M. and Bergeret, A. (2008). Optimizing a
Recycle Process of SMC Composite Waste. Waste Management. 28, 541-548.

Pesetskii, S. S., Jurkowski, B. and Makarenko, O. A. (2002). Free Radical Grafting
of Itaconic Acid and Glycidyl Methacrylate onto PP Initiated by Organic
Peroxides. Journal of Applied Polymer Science, 86, 64-72.

Philip, M., Attwood, J., Hulme, A., Williams, G. and Shipton, P. (2004). Evaluation
of Weathering in Mixed Polyethylene and Polypropylene Products. Published by
The Waste and Resources Action Program. 113 -116.

Pilarski, J. M. and Matuana, L.M. (2005). Durability of Wood Flour-plastic
Composites Exposed to Accelerated Freeze—thaw Cycling. Part I. Rigid PVC
matrix. Journal of Vinyl Additive Technology. 11 (1), 1-8.



325

Poonam, K. and Arvind, K. N. (2008). Optimal Planning for Computer Waste: E-
waste, Implications, Regulations, and Management in India and Current Global
Best Practices. The Energy and Resources Institute. 203-215.

Powell, J. (1999). Plastics recycling update: resource recycling, Portland, OR.

Pracella, M., Pazzagli, F. and Galeski, A. (2002). Reactive Compatibilization and
Properties of Recycled Poly(ethylene terephthalate)/Polyethylene Blends.
Polymer Bulletin. 48, 67—74.

Pritchard, G. (1998). Quick Reference Guide. Page 12 in Plastics additives: An A-Z
reference. G. Pritchard, ed. Chapman and Hall, New York, NY.

Prudent, P., Domeizel, M. and Massiani, C. (1996). Chemical Sequential Extraction
as Decision-making Tool: Application To Municipal Solid Waste and Its
Individual Constituents. The Science of the Total Environment. 178, 55-61.

Rabitah, H. (2000). Portland Cement-Based Solidification/Stabilization for the
Treatment of Industrial Waste. Universiti Teknologi Malaysia: Tesis Sarjana.

Rader, C.P. and Stockel, R.F. (1995). Polymer Recycling: An Overview. In Plastics,
Rubber and Paper Recycling. American Chemical Society, Washington, DC.
Chapter 1, 2-10.

Raghi, S. E., Zahran, R. R. and Gebril, B. E. (2000). Effect of Weathering on Some
Properties of Polyvinyl Chloride/Lignin Blends. Materials Letter. 46, 332-342,

Raj, R. G. and Kokta, B. V. (1991). Improving the Mechanical Properties of HDPE
Wood Fiber Composite with Additives/Coupling Agents. Proceedings of the
49th Annual Technical Conference. Montreal, Canada, Society of Plastic
Engineers, 1883-1885.

Rajakumar, K ., Sarasvathy, V., Thamarai Chelvan, A., Chitra, R. and Vijayakumar,
C. T. (2009). Natural Weathering Studies of Polypropylene. Journal of Polymer
and Environment. 17, 191-202

Rajeshwari, K. V. (2008). Technologies for Recovery of Resources From Electronic
Waste: E-waste, Implications, Regulations, and Management in India and
Current Global Best Practices. The Energy and Resources Institute. 233-252.

Raji, R. and Kanmani, J.S. (2008). A Study on Polyethylene Microencapsulation of
Textile Sludge. Journal of Scientific an Industrial Research. 67 (4), 319-323

Rakesh, J. (2008). E-waste: Implications, Regulations and Management in India and
Current Global Best Practices. The Energy and Resources Institute. New Delhi

India.



326

Ramkumar, D., Vaidya, U. R., Bhattacharya, M., Hakkarainen, M., Albertsson, A. C.
and Karlsson, S. (1996) Properties of Injection Moulded Starch/Synthetic
Polymer Blends--1. Effect of Processing Parameters on Physical Properties.
European Polymer Journal. 32, 999-1010.

Rana, A. K., Mandal, B. C., Jacobson, M. R., Rowell, R. M. and Banerjee, A. N.
(1998). Short Jute fiber-Reinforced Polypropylene Composite: Effect of
Compatibilizer. Journal of Applied Polymer Science. 69, 329-338.

Randall, P and Chattopadhyay, S. (2004). Advances in Encapsulation Technologies
for The Management of Mercury-contaminated Hazardous Wastes. Journal of
Hazardous Materials. 11 (4), 211-223.

Ratim, S., Ahmad, S. and Rasid, R. (2004). Effect of the Silane Coupling Agent on
the Hybrid Thermoplastic Natural Rubber Composites Filled Rice Husk and Oil
Palm Empty Fruit Bunch. The 4th Annual Seminar of National Science
Fellowship. 334-339.

Ray, D. Sarkar, B. K., Das, S. and Rana, A. K. (2002). Dynamic Mechanical and
Thermal Analysis of Vinylester-resin-matrix Composites Reinforced With
Untreated and Alkali-Treated Jute Fibers. Composites Science and Technology.
62(9), 11-17.

Raymond, B. S. and Charles, E. C. (1981). Polymer Chemistry: An
Introduction. New York: Marcel Dekker.

Realff, M. J. and Raymond, M. (2004). E-waste: An opportunity. Materials Today. 1,
40-45.

Reis, J.M. and Brookes, A. H. (1999). Investigation of Lime Stabilized Contaminated
Material. Engineering Geology. 52, 217-231.

Rongzhi, L., Lin, Y., Wing, Y. (1997). Effect of Polyethylene Particle Geometry on
Mechanical Properties of Compression Moulded Wood—polyethylene
Composites. Plastics Rubber Composites Process and Application. 26(8), 368—
371.

Roger, D., Spence., Caijun, S. (2004). Stabilization and Solidification of Hazardous,
Radioactive and Mixed Wastes, CRC Press, Boca Raton, FL. ISBN 1-56670-
444-8. 390.

Rowell, R. M., Caulfield, D. F., Chen, G. W., Ellis, D., Jacobson, R. E., Lange, S. E.
and Schumann, R. (1998). Recent Advances in Agro-fiber/Thermo Plastic



327

Composites. Proceedings of the 2nd International Symposium on Natural
Polymers and Composites, Atibaia, SP, Brazil. 11-98.

Rushton, L. (2003). Health Hazards and Waste Management. British Medical
Bulletin. 68, 83-197.

Saeed, M. O., M. N. Hassan, and M. A. Mujeebu. (2009). Assessment of Municipal
Solid Waste Generation and Recyclable Materials Potential in Kuala Lumpur,
Malaysia. Waste Management. 29, 2209-2213.

Saheb, D. N. and Jog, J. P. (1999). Natural Fiber Polymer Composites: A Review.
Advances in Polymer Technology. 18(4), 351-363.

Salmah, H and Azieyanti, A. N. (2011). Properties of Recycled
Polyethylene/Chitosan Composites: The Effect Polyethylene Graft Maleic
Anhydride (MAPE). Journal of Reinforcing and Plastic Composites. 30(3), 195—
202

Salmiati, M. Y. (2002). Analisis Kimia dan Penggunaan Jermang Keluli Relau Arka
Elektrik (EAF) Sebagai Agregat Dalam Mortar. Universiti Teknologi Malaysia:
Thesis Degree of Master of Engineering (Environmental).

Samsudin, M.D.M and Mashitah, M.D. (2013).Municipal Solid Waste Management
in Malaysia: Current Practices, Challenges and Prospect. Jurnal Teknologi
(Sciences & Engineering). 62(1), 95-101.

Sanadi, R. A., Caulfield, D. F. and Jacobson, R. E. (1997). Agro-Fiber—
Thermoplastic Composites. CRCPress, New York.

Sathe, S. N., Rao, G. S. S. and Devi, S. (1994) Grafting of Maleic Anhydride onto
Polypropylene: Synthesis and Characterization. Journal of Applied Polymer
Science. 53, 239-245.

Scarlett, J. A. (1984). An Introduction to Printed Circuit Board Technology.
Electrochemical Publications Limited, Scotland.

Schoolenberg, G. E. and Vink, P. (1991). Ultra violet Degradation of Polypropylene.
Polymer. 32(3), 432-437.

Schwarzer, S. and De Ono, A. (2005). E-waste, the Hidden Side of IT Equipment’s
Manufacturing and Use. UNEP Early Warning on Emerging Environmental
Threats.

Sclavons, M., Laurent, M., Devaux, J. and Carlier, V. (2005) Maleic Anhydride-
grafted Polypropylene: FTIR study of a model polymer grafted by enereaction.
Polymer. 46, 8062-8067.



328

Scott, G. (2000). Green polymers. Polymer Degradation Stability. 68, 1-7.

Sears, K. D. Jacobson, R., Caulfield, D. F. and Underwood, J. (2001). Reinforcement
of Engineering Thermoplastics with High Purity Wood Cellulose Fibers.
Proceedings, 6th International Woodfiber-Plastics Composites Conference.
Madison, Wisconsin. 27-34.

Selden, R., Nystrom, B. and Langstrom. (2004). UV Aging of PP/wood-fiber
composites. Polymer Composite, 25, 543-553.

Selke, S. E. and Wichman, 1. (2004). Wood Fibre/Polyolefin Composites.
Composites Part A: Applied Science and Manufacturing. 35, 321-326.

Sellers Jr, T., Miller Jr, G. D., Katabian, M. (2000). Recycled Thermoplastics
Reinforced With Renewable Lignocellulosic Materials. Forest Products Journal.
50(5), 24-28.

Shah, A. A., Hasan, F., Hameed, A. and Ahmed, S. (2008). Biological degradation of
plastics: A comprehensive review. Biotechnology Advances. 26(3), 246-65.

Shahabadi, S. I. S. and Garmabi, H. (2012). Response Surface Analysis of Structural,
Mechanical, and Permeability Properties of Polyethylene/Na+-montmorillonite
Composites, Prepared by Slurry-fed Melt Intercalation. Express Polymer Letter.
6, 657—671.

Smith, R. (2005). Biodegradable Polymers for Industrial Applications, Woodhead
Publishing Limited and CRC Press LLC, England.

Sohaili, J., Muniyandi, S. K., Mohamad, S. S. (2012a). A Review on Printed Circuit
Boards Waste Recycling Technologies and Reuse of Recovered Nonmetallic
Materials. International Journal of Scientific & Engineering Research. 3(2), 1-7.

Sohaili, J., Muniyandi, S. K., Mohamad, S. S. (2012b). A Review on Printed Circuit
Board Recycling Technology. Journal of Emerging Trends in Engineering and
Applied Sciences (JETEAS). 3(1), 12-18. 2012.

Sood, B. and Pecht, M. (2011). Printed Circuit Board Laminates. Wiley Encyclopedia
of Composites. 1-11.

Sottos, R., Ockers, M. and Swindeman, M. (1999). Thermoelastic Properties of Plain
Weave Composites for Multilayer Circuit Board Applications. Journal of
Electronic Packaging, Transactions of the ASME. 121(1), 37-44.

Srebrenkoska, V., Bogoeva Gaceva, G., Avella, M., Ericco, M. E., Gentile, G.
(2009). Utilization of Recycled Polypropylene for Production of Eco-
Composites. Polymer Plastic Technology Engineering. 48, 1113 — 1120.



329

Stamboulis, A., Baillie, C. A., Garkhail, S. K., Van Melick, H. G. H. and Peijs, T.
(2000). Environmental Durability of Flax Fibers and Their Composites Based on
Polypropylene Matrix. Applied Composite Material. 7, 273-294.

Stark, N. M. (2005). Effect of Weathering Cycle and Manufacturing Method on
Performance of Wood Flour and High-Density Polyethylene Composites.
Journal of Applied Polymer Science. 100, 3131-3140.

Stark, N. M. and Matuana, L. M. (2002). Photostabilization of Wood Flour Filled
HDPE Composites. NTEC 2002 Annual Technical Conference. Conference
Proceedings. Materials. S. I: Society of Plastics Engineers. 2, 2209-2213.

Stark, N. M. and Matuana, L. M. (2004). Surface Chemistry Changes of Weathered
HDPE/Wood Flour Composites Studied by XPS and FTIR Spectroscopy.
Polymer Degradation and Stability. 86(1), 1-9.

Stark, N. and Matuana, L. (2007). Characterization of Weathered Wood-plastic
Composite Surfaces Using FTIR Spectroscopy, Contact Angle, and XPS.
Polymer Degradration and Stability. 92 (10), 1883-1890

Stokke, D. D. and Gardner, D. J. (2003). Fundamental Aspects of Wood as A
Component of Thermoplastic Composites, Journal of Vinyl Additives
Technology. 9, 96-104.

Streicher-Porte, M. (2006). WEEE Recycling Systems, and The Best Practices from
Other European Systems. Proceedings of the 2006 IEEE International
Symposium on Electronics and the Environment, San Francisco.

Sun, J., Wang, W., Liu, Z.H., Ma, Q., Zhao, C. and Ma, C. (2012). Kinetic Study of
the Pyrolysis of Waste Printed Circuit Boards Subject to Conventional and
Microwave Heating. Energies. 5, 3295-3306.

Swagat, S. R., Pradeep, N., Mukherjee, P. S., Chaudhury, G. R. and Mishra, B. K.
(2012). Treatment of Electronic Waste to Recover Metal Values Using Thermal
Plasma Coupled with Acid Leaching- A Response Surface Modeling Approach.
Waste Management. 32, 575-583.

Tajvidi, M. (2003). Study of the Engineering and Viscoelastic Properties of Natural
Fiber Thermoplastic Composites Using Dynamic Mechanical Analysis (DMA).
Ph.D. Thesis, College of Natural Resources, University of Tehran, Iran.

Tavares, A. C., Gulmine, J. V., Lepienski, C. M. and Akcelrud, L. (2002). The
Effect of Accelerated Aging on the Surface Mechanical Properties of

Polyethylene. Polymer degradation and stability. 81, 367-373.



330

Tchobanoglous, G., Theisen, H. and Vigil, S.A. (1993). Integrated Solid Waste
Management: Engineering Principles and Management Issues. 2nd Edn.,
McGraw-Hill International, New York, USA. 978.

Tidjani, A. (1997). Photooxidation of Polypropylene Under Natural and Accelerated
Weathering Conditions. Journal of Applied Polymer Science. 64(13), 2497-
2503.

Theng, L. C. (2008). E-waste Management. Impact Issues. 1, 12-13.

Thwe, M. M. and Liao. (2002). Durability of Bamboo-Glass Fiber Reinforced
Polymer Matrix Hybrid Composites. Composites Science and Technology. 63,
357-387.

Tong, J. Y., Royan, N. R. R., Ng, Y. C., Ghani, M. H. and Ahmad, S. (2014). Study
of the Mechanical and Morphology Properties of Recycled HDPE Composite
Using Rice Husk Filler. Advances in Materials Science and Engineering, Article
ID 938961, 6 pages.

Torikai, A. and Hirose, H. (1999). Accelerated Photodegradation of Poly(vinyl
chloride). Polymer Degradation and Stability. 63, 441-445.

Tossavainen, M. and Forssberg, E. (1999). The Potential Leachability from Natural
Road Construction Materials. The Science of the Total Environment. 239, 33-47.

Townsend, T. G., Kevin, V., Sarvesh, M., Brian, P., Yong, C.J., Stephen, M. and
Aaron, J. (2004). RCRA Toxicity Characterization of Computer CPUs and Other
Discarded Electronic Devices. Department of Environmental Engineering
Sciences University of Florida Gainesville, Florida.

Townsend, T., Musson, S., Dubey, B. and Pearson, B. (2008). Leachability of Printed
Wire Boards Containing Leaded and Lead-Free Solder. Journal of
Environmental Management. 88, 926-931.

Tserki, V., Matzinos, P., Kokkou, S. and Panayiotou, C. (2005). Novel
biodegradable Composites Based on Treated Lignocellulosic Waste Flour as
Filler. Part 1. Surface Modification and Characterization of Waste Flour.
Composites: Part A. 36: 965-974.

Tuttle, M. E. (2004). Structural Analysis of Polymeric Composite Materials, Marcel
Dekker, Inc.

UNEP. (2009). Converting Waste Plastics Into a Resource. Assessment Guidelines,

revised version. United Nations Environmental Programme.



331

USEPA. (1986). Multiple Extraction Procedure (MEP) Test Method and Structural
Test Methods for Evaluation of Solid Waste. United State Environmental
Protection Agency. U.S. EPA publication SW- 846, 1320.

USEPA (1989). The Solid Waste Dilemma: An Agenda for Action. Office of Solid
Waste and Emergency Response, Washington, D.C.

USEPA (1992). Toxicity Characteristic Leaching Procedure (TCLP), Publication
SW- 846: Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods. Method 1311. Washington, D. C.

USEPA. (1997). Land Disposal Restrictions: Treatment Standards for Hazardous
Wastes and Universal Treatment Standards. United State Environmental
Protection Agency. Washington, D. C.

USEPA (1999). Environmental Fact Sheet: Source Reduction of Municipal Solid
Waste. Washington, D. C.

USEPA (2002). Municipal Solid Waste in The United States: 2000 Facts and
Figures, Washington D. C.

USEPA. (2004). Chemical Information Collection and Data Development (Testing),
Chemical Hazard Data Availability Study.

USEPA. (2006). Putting Surplus Food to Good Use. Washington, DC: Author.

Veit, H. M., Diehla, T. R., Salamia, A. P., Rodriguesa, J. S., Bernardesa, A. M. and
Tendriob, J. A. S. (2005). Utilization of Magnetic and Electrostatic Separation in
The Recycling of Printed Circuit Boards Scrap. Waste Management. 25(1), 67-
74.

Vermeesch, I. and Groeninckx, G. (1994). Chemical Modification of Poly(styreneco-
maleic Anhydride) With Primary N-alkylamines by Reactive Extrusion. Journal
of Applied Polymer Science. 53, 1365-1373.

Wang, Y., Yeh, F.C., Lai, S.M., Chan, H.C. and Shen, H.F. (2003). Effectiveness of
Functionalized Polyolefins as Compatibilizers for Polyethylene/Wood Flour
Composites. Polymer Engineering Science. 43(4), 933-945.

Wang, X., Guo, Y., Zhang, J., Qiao, Q. and Liu, J. (2010). Properties of Non-metallic
Powder Recycled from Paper-based Printed Circuit Boards and Performance of
Composites. IESC Journal. 61(3), 795-800.

Wang, R., Zhang, T. and Wang, P. (2012). Waste Printed Circuit Boards Nonmetallic
Powder as Admixture in Cement Mortar. Materials and Structures. 45, 1439-
1445,



332

Webb, M., Last, P. M. and Breen, C. (1999). Synergic Chemical Analysis - The
Coupling of TG with FTIR, MS and GC-MS. 1. The determination of the Gases
Released During the Thermal Oxidation of A Printed Circuit Board.
Thermochim. Acta. 326, 151.

Wei, L. and Liu, Y. S. (2012). Present Status Of E-Waste Disposal and Recycling in
China, the 7th International Conference on Waste Management and Technology.
Procedia Environmental Sciences. 16, 506- 514.

Weil, E. and Levchik, S. (2004). A Review of Current Flame Retardant Systems for
Epoxy Resins. Journal of Fire Sciences. 22, 25-40.

Widmer, R., Oswald-Krapf, H., Sinha-Khetriwal, D., Schnellmann, M. and Boni, H.
(2005). Global perspectives on e-waste. Environmental Impact Assessment
Review. 25(5), 436-458.

Wildmer, R. and Oswald-Krapf, H. (2005). Global Perspectives on E-waste.
Environmental Impact Assessment Review. 5, 436 - 458.

Wilfong, D.L., Hiltner, A., and Baer, E.J. (1986). Toughening of Polyester Resins
Through Blending With Polyolefins. Journal of Material Science. 21, 2014-
2026.

Wong, T. L., Barry, C. M. and Orroth, S. A. (1999). The Effects of Filler Size on the
Properties of Thermoplastic Polyolefin Blends. Journal of vinyl and additive
technology. 5, 235-240.

Wong, A. C. Y. and Lam, F. (2001). Study of Selected Thermal Characteristics of
Polypropylene/Polyethylene Binary Blends Using DSC and TGA. Polymer
testing. 21, 691-696.

Woodhams, R. T. C. Thomas and Rodgers P.K. (1984). Wood Fibres as Reinforcing
Fillers for Polyolefin. Polymer Engineering and Science. 24(15), 1166-1171.
WRC. (2001). Survey and Preliminary Investigation into Biodegradation of Pesticide

Wastes. Water Research Commission. WRC Final Report. Project No. K5/1128.

Wypych, G. (1995). Handbook of Material Weathering. ChemTec Publishing,
Ontario, Canada, 2nd edition.

Yam, K. L., Gogai, B. K., Lai, C. C., Selke, S. E. (1990). Composites from
Compounding Wood Fibers with Recycled High-density Polyethylene. Polymer
Engineering Science. 30(11), 693-699.



333

Yan, J., Baverman, C., Moreno, L. and Neretnieks, I. (1998). Evaluation of the Time
Dependent Neutralising Behaviours of MSWI Bottom Ash and Steel Slag. The
Science of the Total Environment. 216, 41-54.

Yang, H. S., Kim, H. J,, Park, H. J., Lee, B. J. and Hwang, T. S. (2004). Water
Absorption Behavior and Mechanical Properties of Lignocellulosic Filler-
polyolefin Bio-Composites. Composites Structure. 72(4), 429-37.

Yang, H. S., Kim, H. J., Park, H. J., Lee, B. J. and Hwang, T. S. (2007a). Effect of
Compatibilizing Agents on Rice-husk Flour Reinforced Polypropylene
Composites. Composite Structures. 77, 45-55.

Yang, H. S., Wolcott, M. P., Kim, H. S., Kim, S. and Kim, H. J. (2007b). Effect of
Different Compatibilizing Agents on the Mechanical Properties of
Lignocellulosic Material Filled Polyethylene Bio-Composites. Composite
Structures. 79, 369-375

Yang, K., Yang, Q., Li, G., Sun, Y. and Feng, D. (2006). Mechanical Properties and
Morphologies of Polypropylene with Different Sizes of Calcium Particles.
Polymer composite. 443-450.

Yang, R., Liu, Y., Yu, J. and Zhang, D. (2008).Spatial Heterogeneity of Photo-
oxidation and Its Relation with Crack Propagation in Polyethylene Composites.
Polymer Engineering and Science. 48, 2270-2276.

Yang, E. T, Duan, X. C, Liu, C. L. (2011). Preparation of porous carbons from waste
printed circuit boards. Chinese Journal of Environmental Engineering. 5(2),
447-452,

Yokoyama, S. and lji, M. (1995). Recycling of thermosetting plastics waste from
electronic component production processed. Proceedings IEEE International
Symposium on Electronics and the Environment. 132-137.

Yoshida, Y., Shirai, K., Nakayama, Y., Itoh, M., Okazaki, M., Shintani, H., Inoue,
S., Lambrechts, P., Vanherle, G. and Van Meerbeek, B. (2002). Improved
Filler-Matrix Coupling in Resin Composites. Journal of Dental Research. 81(4),
270-273.

Young, R. J. and Lovell, P. A. (1991). Introduction to Polymers, Second Edition.
Chapman & Hall, London.

Young, R. T. and Baird, D.G. (2000). Processing and Properties of Injection Molded
Thermoplastic Composites Reinforced with Melt Processable Glasses. Polymer
Composite. 11, 645-659.



334

Youngquist, J. A., Myers, G. E., Muehl, J. H., Krzysik, A. M., Clemens, C. M.,
Padella, F. (1994). Composites From Recycled Wood and Plastics: A Project
Summary: US — Environment Protection Agency.

Yuan, X. W., Jayaraman, K. and Bhattacharyya, D. (2004). Effects of Plasma
Treatment in Enhancing the Performance of Woodfibre-Polypropylene
Composites. Composites Part A: Applied Science and Manufacturing. 35 (12),
1363-1374.

Yuan, Q., Wu, D., Gotama, J. and Bateman, S. (2008). Wood Fibre Reinforced
Polyethylene Polypropylene. Composites with High Modulus and Impact
Strength. Journal of Thermoplastic composites Materials. 21(3), 195-208.

Zabihzaden, S.M. (2010). Water Uptake and Flexural Properties of Natural
Fiber/High Density Polyethylene Composites. BioResources. 5(1), 316-323.

Zaidi, Z. (1996). Cement-based Solidification/Stabilization for the Treatment of
Hazardous Waste. Universiti Teknologi Malaysia: Tesis Sarjana.

Zain, M.F.M., Islam, M.N., Radin, S.S. and Yap, S.G. (2004). Cement-Based
Solidification for The Safe Disposal of Blasted Copper Slag. Cement &
Concrete Composites. 26, 845-851.

Zhang, F., Endo, T., Qiu, W., Yang, L. and Hirotsu, T. (2002). Preparation and
Mechanical Properties of Composite of Fibrous Cellulose and Maleated
Polyethylene. Journal of Applied Polymer Science. 84, 1971-80.

Zheng, Y., Shen, Z., Cai, C., Ma, S. and Xing, Y. (2008). Influence of Nonmetals
Recycled from Waste Printed Circuit Boards on Flexural Properties and Fracture
Behavior of Polypropylene Composites. Materials and Design. 11, 958-963.

Zheng, Y., Shen, Z., Ma, S., Cai, C., Zhao, X. and Xing, Y. (2009). A Novel
Approach to Recycling of Glass Fibers From Nonmetal Materials of Waste
Printed Circuit Boards. Journal of Hazardous Materials. 170, 978-982.

Zhou, X., Guo, J., Lin, K., Huang, K. and Deng, J. (2013). Characteristics of Heavy
Metals and Brominated Flame Retardants from Waste Printed Circuit Boards.
Journal of Hazardous Materials. 246-247, 96-102.

Zulkifli, A. R., Azil, B. A., Ayub, M. S., Mohd, J. A. and Mahmud, H. N. M. E.
(2010). Laporan Akhir Projek Penyelidikan: Development of Generic Decision
Support System for Scheduled Waste Management in Malaysia. Institut

Pengurusan Penyelidikan Universiti Teknologi Mara.



	ShanthaKumariMuniyandiPFKA2015ABS
	ShanthaKumariMuniyandiPFKA2015TOC
	ShanthaKumariMuniyandiPFKA2015CHAP1
	ShanthaKumariMuniyandiPFKA2015REF



