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ABSTRACT

This study examines the impact of compounding gigantochloa scortechinii (GS) and
polypropylene-nanoclay components through multiple response optimisations.
Taguchi Orthogonal Array method is employed to optimise the injection moulding
process parameters, including melt flow index, flexural strength, warpage, and
shrinkage. The research started with simulation analysis of the injection moulding
process to assess the suitability of the design sample according to ISO 178 (flexural
bar shape). The compounding materials used in this study consisted of polypropylene,
nanoclay, a compatibilizer called polypropylene graft maleic anhydride (PP-g-MA),
and GS (gigantochloa scortechinii), commonly known as bamboo fibre. To facilitate
comparison, three different contents of natural fibre were selected: Owt.%GS,
3wt.%GS, and 6wt.%GS. These contents were tested under various injection moulding
processing conditions such as packing pressure, melting temperature, screwing speed,
and filling time. Based on the analysis of the signal- to-noise ratio, the highest S/Ngp
value was observed at 6wt.%GS, measuring 160.6451 dB, followed by 3wt.%GS
(158.1919 dB) and 0wt.%GS (134.8150 dB). Moreover, the presence of Gigantochloa
Scortechinii caused a shift in the most influential parameter, altering it from melting
temperature to packing pressure. In order to validate the optimised results, a test was
conducted to determine the percentage of improvement of multiple responses. Next,
the test also compared the effects of GS content under the optimised injection
moulding processing conditions. These optimised results served as a recommended
reference and prediction approach, specifically in terms of looking at the impact of
compounding polypropylene-nanoclay-gigantochloa scortechinii in the plastic
manufacturing process. Essentially, the findings of this study could contribute towards
broader and more efficient applications of building appliances such as frame,

pavement and tiles



ABSTRAK

Penyelidikan ini berkenaan kesan percampuran gigantochloa scortechinii (GS)
terhadap propylene-nanoclay melalui pengoptimuman pelbagai respon. Kaedah
Tatasusunan Ortogonal Taguchi digunakan untuk mengoptimumkan parameter proses
pengacuan suntikan, termasuk indeks aliran cair, kekuatan lentur, lenturan dan
pengecutan. Penyelidikan dimulakan dengan analisis simulasi proses pengacuan
suntikan untuk menilai kesesuaian sampel terhadap reka bentuk mengikut 1SO 178
(bentuk bar lentur). Bahan kompaun yang digunakan dalam kajian ini terdiri daripada
propylene, nanoclay, penyerasi yang dipanggil polypropylene graft maleic anhydride
(PP-g-MA), dan GS (gigantochloa scortechinii), biasanya dikenali sebagai gentian
buluh. Untuk tujuan perbandingan, tiga kandungan gentian asli yang berbeza iaitu
formulasi Owt.%GS, 3wt.%GS, dan 6wt.%GS telah dipilih. Kandungan ini telah diuji
di bawah pelbagai keadaan pemprosesan pengacuan suntikan, termasuk tekanan
pembungkusan, suhu cair, kelajuan skru dan masa pengisian. Berdasarkan analisis
nisbah isyarat, nilai S/Nqp tertinggi adalah pada 6wt.%GS, bernilai 160.6451 dB,
diikuti oleh 3wt.%GS (158.1919 dB) dan Owt.%GS (134.8150 dB). Selain itu, kacukan
Gigantochloa Scortechinii menyebabkan perubahan dalam parameter yang paling
berpengaruh daripada suhu cair kepada tekanan pembungkusan. Untuk mengesahkan
keputusan yang dioptimumkan, ujian penilaian peratusan peningkatan terhadap
pembaikan telah dijalankan untuk menentukan peratusan peningkatan terhadap
pelbagai respon dan membandingkan kesan kandungan GS di bawah keadaan
pemprosesan pengacuan suntikan yang dioptimumkan. Keputusan yang
dioptimumkan ini berfungsi sebagai kaedah rujukan dan ramalan yang disyorkan
khusus untuk polypropylene-nanoclay-gigantochloa scortechinii dalam proses
pembuatan. Dapatan kajian ini menyumbang kepada penggunaan sektor perkakas

bangunan seperti rangka tingkap, turapan dan jubin.
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CHAPTER 1

INTRODUCTION

This chapter discussed the background of the study, in addition to problem statements,

objectives, the scope of study, significance of the study, hypothesis and thesis layout.

1.1 Background of study

Injection moulding is commonly used in the huge production of plastic parts especially
for polymer processing techniques in the plastic industry. Polymer materials have been
widely used due to their affordable prices. Moreover, they can be formed into
complicated shapes while in the melting state. Natural fibres have various advantages
over synthetic fibres, making them appealing as reinforcement components in
composite materials (Prakash et al., 2018). The performance of this polymer system
could also be upgraded to finer properties with the presence of natural fibres as filler
materials. Reinforcement of natural fibres into polymers has become the most popular
topic in the plastic industry due to the beneficial values for mechanical properties. For
instance, it is a comparable substitution of glass fibres. Moreover, it could achieve
particular strength as compared to carbon fibre.

In addition, in terms of saving our ecology and environment, it is essential to
sustain earth’s life, biodegradability and environmental protection (Lau et al., 2018b;
Vilaseca et al., 2018). Furthermore, most of these polymer nanocomposites were
transformed into useful parts by using injection moulding processes. However, these
injected moulded parts are very prone to defects. Any changes in the injection
moulding variables could affect the process stability and the quality of the

manufactured parts. Nonetheless, a good quality product depends on the selection of



materials, designs of moulding and processing parameter settings (Dzulfikar et al.,
2022). The synthesis of knowledge about the injection moulding process might then
lead to solutions in producing good products. Therefore, it is essential to consider the
needs to optimise and prioritise the processing conditions in the injection moulding
manufacturing process since previous results have shown improvements to the
responses (Miza et al., 2017).

In this study, the sample material comprising compounding gigantochloa
scortechinii (GS) and polypropylene-nanoclay elements were designed according to
ISO 178 (flexural bar shaped) by using Solidwork software. It is then analysed using
the Autodesk Moldflow software for simulation purposes. Injection moulding
machines, NESSEI NP7-1F type, were used to produce the sample which relate to the
design in the simulation process. Polypropylene (PP), Nanoclay (NC), maleic
anhydride-modified PP oligomer (PPgMA), and Bamboo fibres were used in this
study. This study also used a local type of bamboo, Gigantochloa Scortechinii. In
Malay, it is locally known as “buluh semantan”. The combination of sample materials,
Polypropylene-Nanoclay-Gigantochloa Scortechinii was utilised by means of Rotary
Plastograph Brabender. It was based on three fixed formulations, which are 0 wt.%GS,
3 wt.%GS and 6 wt.%GS. These elements established the foundation in examining the
impacts of gigantochloa scortechinii reinforcement in polypropylene-nanoclay on
thermal stability (thermo gravimetric analysis (TGA) and differential scanning
calorimetry (DSC)), flow behaviour analysis (melting flow index (MFI) and
rheological properties), mechanical properties (flexural strength), product defects
(shrinkage and warpage), and recycling capability performance (tensile and hardness
test).

Next, multiple responses such as warpage, shrinkage, flexural strength, and
melting index were analysed using the Design of Experiment (DOE) based on the
Taguchi Optimisation Orthogonal Array (L9%) method to optimise the injection
moulding process parameters such as the melting temperature, packing pressure, screw
speed and filled time. Essentially, this research aims to achieve the best result for
multiple responses using the signal to noise ratio analysis and mean effect plot analysis
based on optimised injection moulding processing conditions.

Finally, the outcome of this research could contribute as a reference for
manufacturing industries. It could also serve as a prediction approach tailored to the

production process of polypropylene-nanoclay-gigantochloa scortehcinii. It is hoped



that this research would also pave the way for a more widespread and efficient use of
building appliances items, particularly for the manufacturing and plastic industries.

1.2 Problem statement

Injection-moulded products, particularly with complex sample designs, are prone to
defects. It is one of the unsettling issues for manufacturers as these raise concerns on
whether or not their products could be manufactured. Due to this issue, businesses
would apparently incur significant losses as they are unable to ascertain the ability to
manufacture products which have zero defects. Consequently, simulation procedures
to modify the designs and parameters is necessary in order to reduce the defects on
manufacturing products.

In the plastic composites manufacturing business, it is essential to understand
the properties which make up the materials, particularly when combining plastic and
natural fibres. Polymeric resin is a type of hydrophilic fibre, whereas natural fibres are
a type of hydrophobic fibre. Due to their high moisture content, property
inconsistency, flammability, and poor bonding properties with the polymeric resin,
natural fibres used as the reinforcement for the polymer could have inconsistent
mechanical properties. Recycling and reprocessing of materials are most commonly
used nowadays to overcome such disadvantages. This is particularly true especially
when thermoplastic is combined together with natural fibres. In fact, recycling
polymeric materials is an economical and environmentally friendly strategy,
particularly in the case of polymers with huge manufacturing volumes. During
recycling, polymers are susceptible to thermal, thermo-oxidative, and mechanical
deterioration. These processes might alter their internal structures and properties, and
result in inconsistent mechanical properties after undergoing several cycles of
processes. Unfortunately, the plastic industries still lack the knowledge regarding the
properties of polymers upon undergoing the recycling processes.

Nonetheless, the process of identifying an optimum combination for polymer
nanocomposites and natural fibre would be challenging too. Changes to the injection
moulding manufacturing conditions might have impacted the stability of the processes,
and the quality of the manufactured products. Thus, to prevent such quality control

issues, it is important to estimate the amount of pressure, temperature, and time needed



to mould a product so that it meets the required specifications. Therefore, the strategy
to synthesise information regarding the injection moulding procedures might lead to
creating the most suitable method to achieve the desirable results. Therefore, the
primary consideration is to optimise the processing conditions in the injection
moulding manufacturing processes.

In the current years, there is a steady increase in the use of thermoplastics in
various areas such as in building and household appliances. Building appliances often
require components with high structural integrity and durability to withstand
continuous usage and environmental factors. In fact, creating materials which are able
to resist continuous use and environmental variables while maintaining cost
effectiveness is a critical challenge.

Possible solutions to address these challenges means that there is a need to
optimise material selection, reinforce techniques, and consider the design in order to
enhance the overall strength and longevity of building appliance components. In
addition, as building appliances are often visible in homes and commercial settings, it
is also important to address features such as aspects of aesthetic appeal. Other
important features which are crucial for enhancing the overall appearance and
marketability of the appliances include the aspects of achieving consistent and high-
quality surface finishes and defect free factors such as warping, sink marks, or visible
parting lines. Moreover, building appliances often rely on precise fitting of
components to ensure proper functionality and installation. Thus, maintaining tight
tolerances and dimensional accuracy during the injection moulding process is vital for
seamless integration of various parts which could minimise assembly issues, and
improve overall product performance.

Therefore, a key challenge involves matters such as selecting appropriate
plastic materials for building appliance applications, balancing performance
requirements and cost considerations. It is also important to identify cost effective, yet
durable and heat resistant materials to reduce manufacturing expenses, while
maintaining product quality. Essentially, there are several composite materials made
of polymer and natural fibre used in the plastic manufacturing sector. However, little
is known about the composites that are made of polypropylene and gigantochloa
scortechinii. Thus, to fill the research gap, the goal of this study is to determine whether
polypropylene or polypropylene mixed with gigantochloa scortechinii is superior by

adapting the bamboo fibre gigantochloa scortechinii into polypropylene. Analysis was



conducted to find out the reasons for the injection moulding product's defect based on
shrinkage and warpage reaction, as well as its thermal stability, rheological properties,
mechanical characteristics, and defect factors.

It is hoped that the outcome of this study would benefit building appliance
manufacturers by providing them with valuable insights and guidelines to help them
improve production process, reduce cost, and achieve industrial standard
requirements. Eventually, consumers would also be able to benefit as they could buy
materials which are of higher quality, better durability, aesthetically pleasing and

sustainable environmentally.

1.3 Objectives

The objectives of this research are as follows:

i.  To predict the suitability of the design sample in accordance with 1SO 178
(flexural bar-shaped) using the injection moulding simulation method.

ii. To investigate the effects of reinforcing gigantochloa scortechinii on
polypropylene-nanoclay in terms of thermal stability, flow behaviour,
mechanical properties, product defects and recycling capability performance
based on the injection moulding processes.

iii.  To optimise melt temperature, screw speed, packing pressure and filling time
as the injection moulding parameters for flexural strength, warpage, shrinkage

and melt flow index.

Ultimately, the research aims to provide insights into essential elements such
as suitability, performance, and optimisation of injection moulding conditions for
polypropylene-nanoclay-gigantochloa scortechinii materials. It is hoped that the
findings of this study would contribute towards the advancement of material science

and manufacturing processes.

1.4 Scope of study

The scopes of this research are divided into three sections, mainly simulation,

screening and optimisation processes.



Simulation process:

An ISO 178 sample was designed using SolidWorks 2019 software and
analysed with MoldFlow Adviser 2014.

Screening Process:

Vi.

The specified raw material was polypropylene, a homopolymer type, Titan Pro
6331, acquired from Titan Petchem (M) Sdn. Bhd. The compatibilizer is a
functionalised polypropylene-grafted-malaeic anhydride (PP-g-MA) which
contains 1 wt % of maleic anhydride (OREVAC C100), gigantochloa
scortechinii (bamboo fibre) with bamboo skin included and nanoclay.

The reproduction of Polypropylene-Nanoclay-Gigantochloa Scortechinii uses
the Rotary Plastograph Brabender approach, based on fixed formulation of 0
wt.%, 3 wt.% and 6 wt.%.

Thermal stability analysis is based on Thermogravimetric Analysis (TGA) and
Differential Scanning Calorimetry (DSC) analysis which determines the
thermal stability.

Using Plastomer (Ceast type 684) to measure the melt flow index of the
compounded polypropylene-nanoclay-Gigantochloa Scortechini.

The rheological properties, including flow curve, viscosity curve, flow
behaviour index (n) and yield stress (o) of the compounded polypropylene-
nanoclay-Gigantochloa Scortechinii  were measured using Capillary
Rheometer.

The product defects (warpage and shrinkage), mechanical properties (flexural
test), impact test and hardness test for four-time recycling process were
measured in accordance with 1ISO 178 design sample using injection moulding
machine (NISSEI NP7-1F).

Optimisation Method:

Screw speed, melt temperature, packing pressure, and filling time were the
injection moulding processing conditions.

The design of the experiment (DOE) for injection moulding processing
conditions followed the Taguchi Orthogonal Array Method (L93%).

Minitab 17 was utilised for statistical analysis and evaluated according to
Taguchi Orthogonal Array Method (L93*) in order to optimise the processing

conditions.



iv.  Multiple responses consisting of shrinkage, warpage, flexural and melt flow
index were determined via Taguchi Method L9 orthogonal array with three sets

of replications.

1.5 Significant of study

Essentially, this research aims to resolve issues regarding the suitability of product
design, reinforcement of natural fibre into polymer composite, and injection moulding
processing conditions by optimising the multiple responses, including melt flow index,
warpage, shrinkage, and flexural strength based on gigantochloa scortechinii fibre
content. The significance of this study lies in its contribution to the scientific
understanding of the injection moulding simulation process, the investigation of
gigantochloa scortechinii as a reinforcement material in polypropylene-nanoclay
composites, and the optimization of injection moulding processing conditions for
multiple responses. By closely interconnecting these objectives, this research aims to
advance the field by providing valuable insights into the fundamental principles of
injection moulding, exploring innovative reinforcement options, and identifying
optimal processing conditions. Such interconnected objectives not only strengthen the
scientific interest of this study but also pave the way for impactful recommendations
and practical applications especially on building appliances. This research would serve
as a baseline for future manufacturing purposes by analysing the fibre content and
processing conditions that result in the most excellent product properties. The findings
might also be used as a guideline for strengthening and expanding the material's
methodological and material-based reliability. Consequently, this study is significant
and could be useful to the manufacturing industry especially to employees, the

building appliance sector and also society in general.

1.5.1 Manufacturing industry

There are several significances of utilising natural fibre as a composite material in the
manufacturing industry:
i.  Enbanced Sustainability: Natural fibres are renewable resources that can be

sustainably sourced. By incorporating them into manufacturing processes, we
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