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ABSTRAK

Cecair pelincir digunakan secara meluas semasa proses pemesinan bagi
mengurangkan haba yang dijana daripada proses pemotongan. Walau bagaimanapun,
terdapat isu bahawa kos cecair pelincir semasa adalah tinggi dan tidak terbiodegradasi.
Untuk mengisi jurang penyelidikan, kajian ini bertujuan untuk menghasilkan satu cecair
pelincir biodegradasi yang berkos rendah. Objektif kajian ini adalah untuk mengkaji kesan
kepekatan zarah-zarah mikro abu terbang yang berbeza dalam bio-pelincir minyak sawit
pada pekali geseran, diameter parut kehausan dan permukaan tercalar bola keluli. Dalam
penyelidikan ini, pelincir berasaskan bio telah disediakan dengan menyebarkan zarah-zarah
mikro abu terbang pada kepekatan 0.02% berat, 0.04% berat, 0.06% berat, 0.08% berat,
0.10% berat, 0.12% berat dan 0.14% berat bersertakan Span 85 sebagai surfaktan dalam
minyak sawit dengan menggunakan teknik ultrasonikasi. Ujian tribologikal telah dijalankan
dengan menggunakan Tribometer Empat Bola mengikut standard ASTM D 4172. Morfologi
permukaan telah dianalisis dengan menggunakan Mikroskop Elektron Imbasan
(JEOL6010PLUS). Zarah-zarah mikro abu terbang yang berbentuk sfera didapati telah
memberikan kesan menggolek yang paling ketara semasa ujian kehausan sehingga
menyebabkan pekali geseran yang paling rendah, diameter parut kehausan yang paling kecil,

dan permukaan tercalar yang paling licin pada kepekatan optimum iaitu 0.12% berat.



ABSTRACT

Liquid lubricants are widely used during machining process to reduce the heat
generated from cutting process. However, issue occurs as the current liquid lubricants are
high cost and not biodegradable. To fill this research gap, this study aims to produce a low-
cost biodegradable liquid lubricant. The objective of this study is to investigate the effect of
different concentration of fly ash microparticles in palm oil bio-based lubricant on the
coefficient of friction, wear scar diameter and worn surfaces of steel ball. In this research,
bio-based lubricants were prepared by dispersing fly ash microparticles at 0.02 wt.%, 0.04
wt.%, 0.06 wt.%, 0.08 wt.%, 0.10 wt.%, 0.12 wt.% and 0.14 wt.% concentrations and Span
85 was used as surfactant in palm oil using ultrasonication technique. The tribological test
was conducted using Four Ball Tribometer according to the ASTM D 4172 standard. The
surface morphology was analysed using Scanning Electron Microscopy (JEOL6010PLUS).
The spherical shape of fly ash microparticles was found to provide most significant rolling
effect during wear test that caused lowest coefficient of friction, smallest wear scar diameter

and smoothest worn surface in optimum concentration which is at 0.12 wt.%.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Lubricant is a substance that is applied in between two moving surfaces to reduce
friction, heat and wear. Currently, the most common lubricants in the market are the mineral
oils (Abdollah et al., 2020). This is due to its low cost and good tribological performance.
However, these mineral oils demonstrated a destructive environmental effect because they
are not biodegradable and harmful. This will further lead to a higher cost in waste
management. Furthermore, there is increasing concern on the use of these mineral oil
lubricants on environmental impact as they were consumed about 38 million metric tons
worldwide (Abdollah et al., 2020).

Nowadays, strict environmental regulations have forced the market to move toward
bio-based lubricants because of their biodegradable properties. Not only that, bio-based
lubricant or specifically vegetable oils have many good properties such as low volatility,
high viscosity, low toxicity, high flash point and high lubricity. The most common types of
vegetable oils used as lubricants that currently being researched on are sunflower oil, neem
oil, jatropha oil and coconut oil. However, researchers have not treated palm oil in much
detail. Therefore, palm oil will be used as base oil in this study. Abdollah et al. (2020) stated
that palm oils produced a higher wear rate than mineral oils due to its incomplete oxidation
and thermal stability, solidified at low temperature and low viscosity. Although these are the
disadvantages of palm oil other than the environmental advantages, it can be fixed by mixing

up with additive materials through process called ultrasonication.

The physical properties of the lubricant such as wear and corrosion can be intensified

by introducing additive materials into the lubricant (Chan et al., 2018). The aim is to have a



longer tool life span, less coefficient of friction and better performance on machining
process. The most commonly used additive materials in the lubricants are graphite,
molybdenum disulfide, tungsten disulfide (WS.), ester and zinc dithiophosphate (ZDP)
(Kopeliovich, 2012). Fly ash is a by-product of coal thermal power plants. Hower et al.
(2017) has predicted that about 750 million ton of coal ash are generated all over the world
annually. Fly ash can cause environmental pollution if does not dispose properly. Therefore,
efforts have been made to recycle fly ash and thus fly ash is extensively used in concrete and
ceramic industry due to its large surface area. Although extensive research has been carried
out on applications of fly ash, however, the application of fly ash as additive materials in
lubricant is still scarce. Therefore, in this study, fly ash will be used as the additive material
that will be mixed into palm oil to become an environmental-friendly lubricant. The effect
of fly ash microparticles mixed into palm oil on the tribological behaviour especially on the
coefficient of friction and wear will be investigated.

1.2 Problem Statement

Machining is one of the most crucial processes in the manufacturing industry which
involve the removal of materials from the stock or billet with a cutting tool. In machining
operation, the removal of materials from the workpiece only used about 40% of energy
(Astakhov, 2006). The other 60% of energy is used at the tool-chip and tool-workpiece
interfaces. Tool-chip and tool-workpiece interfaces are the contacts areas that directly
involved in the cutting process. Furthermore, all the energy spent during cutting process will
be converted into heat energy (Bhirud and Gawande, 2017). When machining low strength
alloys, less heat is generated but high heat will be generated when high strength alloys are
machined due to increasing in cutting speed. The generated heat, if does not dissipate
successfully, will affect the wear rate of cutting tool thus affecting the surface finished
quality (Ogedengbe et al., 2019).

Many techniques were introduced to help in reducing the heat generated from the
cutting process. One of the techniques is by using lubricant during the machining process.
There are a few types of lubricant such as solid, liquid, semi-solid and gas lubricant. Liquid
lubricant contains bio-based oil such as sunflower oil, neem oil and coconut oil. The

tribological behaviour of these oils in machining processes are currently being researched
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by many researchers. However, there has been little quantitative analysis of palm oil as
lubricant for machining process. Palm oil is known for its immeasurably proficient yield,
which create more oil per land ratio than other vegetable oil crop such as soybean oil or
coconut oil (Abdollah et al., 2020). Not only that, palm oil as lubricants exhibits great
tribological properties when mixed with additive materials.

Additive materials or lubricant additives are chemical components that helps to
improve the physical properties of a lubricant in machining process (Corporation, 2018). At
present, oil mixed with additive materials such as graphite, graphene nanoplatelets (GNPs),
molybdenum disulfide, tungsten disulfide (WS,), ester and zinc dithiophosphate (ZDP) are
widely used as lubricant for machining process (Kopeliovich, 2012). Although these additive
materials helped in reducing coefficient of friction and wear rate of cutting tools, but they
are expensive (Cao and Xia, 2017). Therefore, attentions are now centred to fly ash. Fly ash
is cheap and it also exhibits certain excellent properties such as low coefficient friction and
low wear rate when integrated in automotive brake lining friction composites (Mohanty and
Chugh, 2007). Furthermore, fly ash is widely available as it is a by-product produced from

the combustion of pulverized coal.

Currently, annual world production of fly ash is predicted to be over 500 million
tonnes where only less than 20% of it is recycled and used as pozzolan to produce cement
(Amran et al., 2020). The rest is disposed of in landfills and ash ponds. This will lead to
environment pollution where the toxic compounds leach into underground waterbed.
Therefore, the study of tribological behaviour of fly ash microparticles mixed with palm oil
as an environment friendly lubricant needs to be done to reduce the effect of environment

pollution.

1.3 Objectives

The purpose of this study is to investigate the tribological behaviour of palm oil by mixing

fly ash microparticles as a bio-based lubricant for machining process. Detailed objectives of

this study are as follows:



1. To investigate the tribological performance (coefficient of friction and wear) of the
palm oil blended with fly ash microparticles.

2. To investigate the surface morphology of worn surfaces on the steel balls after the
tribological test.

1.4 Scope

To achieve the objectives, few scopes are set as shown below:

1. Producing an environment-friendly lubricant using palm oil and fly ash
microparticles as additives.

2. Mixing palm oil and fly ash microparticles of concentration ranging between 0.02
and 0.14 wt.% using ultrasonic homogenizer.

3. Testing the tribological behaviour of environment-friendly lubricant using Four Ball
Tester (ASTM D 4172).

4. Observing surface morphology of worn surfaces using 3D non-contact optical

profilometer and scanning electron microscopy (SEM).

1.5 Significant of Study

There are some benefits that can be obtained when this study is completed. First is
the production of bio-based lubricant which is an environment-friendly lubricant that means
it does not have or produce less impact on the environment pollution when being disposed
of. Next, the cost of producing this lubricant will be reduced due to the use of fly ash as
recycle materials. This is because fly ash is abundant, can be obtained easily and 60% of

them in the world is not being recycled.



1.6 Organization of Report

The overall organization of the study took the form of five chapters, including this
introductory chapter. Chapter 1 discussed on the background of study and the problems that
were identified through multiple researches of journals, articles and current news. It was then
followed by objectives that were set to be achieved through scope which narrowed down the
area of the study. The significant of the study to the machining industry was also disclosed.

Chapter 2 began by reviewing the classifications of lubricants and followed by the
types of oil available in each lubricant. It was then continued reviewing on the types of
vegetable oils that people normally researched on. After that, definition of additive materials
and the most common additives materials that were being used as lubricant additives was
mentioned. Not only that, the additive material that were used in this study were also
discussed. Lastly, the methods for experimenting the lubricants and the parameters were

described.

Chapter 3 described the methods and procedures to achieve the objectives mentioned
in this study. The flow started from explaining the materials used to the methods used to
mix up the materials into lubricant. This was followed by the analysis or experiments to
determine the tribological behaviour of bio-based lubricant and the surface morphology of

worn surface produced on the steel ball.

Chapter 4 analysed the information and data collected after conducting tribological
behaviour of bio-based lubricant through Four Ball Tester. Then, the surface morphology of

worn surface of the steel ball were also observed and discussed in this chapter.

Chapter 5 summarized the tribological behaviour of the fly ash microparticles mixed

with palm oil as an environment-friendly lubricant.



CHAPTER 2
LITERATURE REVIEW

2.1 K-Chart
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Figure 2.1: Structure of K-chart research flow

Figure 2.1 shows the structure of K-chart research flow for this study. K-chart is a
tool that organizes the problems from the general ones to the specific ones within the area

under study. K-chart consists of general title, issues layer, methods layer, results layer and
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timeline in the form of a tree diagram. The development of K-chart structure bases on the
researcher requirement to achieve the objective in the study (Khazani et al., 2006). In this

study, K-chart was developed to be used in this chapter and the next chapter, methodology.

2.2 Classification of Lubricant

Lubricant is an element that is used in between two surfaces to reduce friction, wear
and tear. In machining processes, lubricants are used for heat transfer, lubrication and
corrosion protection. In a high-level grouping of products, lubricant plays an important role
in industry and transportation because there will be no energy transfer if no lubrication is
available. According to Bart et al. (2013a), lubricants is classified into 4 groups which are

solids, semi-solids, gas and liquids.

2.2.1 Solid lubricant

Solid lubricant is a material that able to reduce friction between two moving surfaces
without requiring any other liquid substances. It is a material in the solid form. Bart et al.
(2013a) mentioned in the article that solid lubricant is used as coating which can provide
surfaces from being damaged by decreasing the friction, wear and tear of the two contacting
surfaces. In another source, Bart et al. (2013b) stated that these solid lubricants are made up
of solid, binder and additives. Solid lubricants are used during important cases where the
lubricants had to stay in place. Usually have a temperature range where they are highly
effective, these solid lubricants may degrade if they reach above their optimum temperature.
For example, graphite as solid lubricants able to withstand temperature up to 650°C before
they start to degrade physically and chemically. According to Donnet and Erdemir (2006)
and Campafa and Miuser (2007), example of generally used solid lubricants are graphite,
molybdenum disulfide, hexagonal boron nitride, boric acid and tungsten disulfide. Most of
the solid lubricants have unique lubricating properties because they are associated with

layered lattice crystal structure as shown in Figure 2.2.



