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ABSTRACT

Grease typically has a base of mineral or synthetic oil, a thickener, additives, and fillers. The
tribological performance of grease depends on the viscosity of the base oil and the type and
concentration of thickening agent used. Grease lubricants are used in many different parts of
automobiles, including gears, cams, sealed ball bearings, and others. Having to use more
energy to overcome vehicle friction is wasteful. Power consumption can be drastically cut if
frictional losses are minimised, making the components more effective. Grease lubrication
helps keep surfaces apart, reducing friction and wear for increased durability. Prepared by
sonicating the grease supplied by MNR Multitech Sdn Bhd using an ultrasonic homogenizer,
the produced greases had a 10% concentration of additive nanoparticles of varying types
mixed in. To put it simply, MNR is a grease that has no additives added to it. Molybdenum
disulfide (M0S2), lithium complex grease (LCG), and potassium (MNR + K) are some of
the other additives that have been introduced (K). Tribological tests were conducted using a
4-Ball Tester in accordance with the American Society for Testing and Materials (ASTM)
standards D 2266 for Wear Preventive Characteristics of Lubricating Grease (Four-Ball
Method) and 2596 for measurement of Extreme-Pressure Properties of Lubricating Grease
(Four-Ball Method). The testing results show that the addition of MoS2 additives to MNR
base grease can increase its friction and wear qualities by 52% and 68%, respectively.
Extreme pressure testing revealed that MNR + MoS2 grease reduced severe adhesive wear
and increased load carrying capability by nearly double that of MNR grease, from 618.03 N
to 784.8 N. As a result, the load-carrying capacity and the friction coefficient have both been

drastically increased thanks to the additive's use in bearing.



ABSTRAK

Jenis gris konvensional terdiri daripada asas minyak mineral atau sintetik, agen pemekat,
aditif dan pengisi. Kelikatan minyak asas, serta jenis dan kepekatan agen pemekat yang
digunakan, adalah faktor yang menentukan prestasi tribologi gris. Gear, cam, galas bebola
tertutup dan aplikasi automotif lain semuanya menggunakan gris pelincir. Geseran dalam
kenderaan membazirkan sejumlah besar kuasa. Sebilangan besar kuasa boleh dijimatkan
dengan mengurangkan kehilangan geseran, yang akan meningkatkan kecekapan bahagian.
Pelinciran gris membantu dalam pengasingan permukaan yang bersentuhan, mengakibatkan
geseran, haus dan jangka hayat yang minimum. Gris yang diformulasikan telah disediakan
dengan menyebarkan pelbagai jenis bahan tambahan nanopartikel dengan kepekatan
optimum 10% ke dalam gris yang dibekalkan daripada syarikat MNR Multitech Sdn Bhd
menggunakan kaedah sonication melalui homogenizer ultrasonik. MNR ialah gris asas tanpa
sebarang bahan tambahan. Lain-lain ditambah aditif iaitu MNR + MoS2, molibdenum
disulfida (M0S2), MNR + LCG, litium kompleks gris (LCG), dan MNR + K dengan kalium
(K). Ujian tribologi telah dilakukan menggunakan Penguji 4-Bola menurut ASTM D 2266
untuk Ciri-ciri Pencegahan Haus bagi Grease Pelincir (Kaedah Empat Bola) dan ASTM 2596
untuk pengukuran Ciri-ciri Tekanan Melampau bagi Grease Pelincir (Kaedah Empat Bola).
Berdasarkan keputusan eksperimen, didapati bahan tambah MoS2 berpotensi untuk
memperbaiki sifat geseran dan haus gris asas MNR di mana ia mengurangkan geseran
sebanyak 52% dan haus sebanyak 68%. Di bawah ujian tekanan yang melampau, gris MNR
+ MoS2 didapati mengurangkan haus pelekat yang teruk dan meningkatkan keupayaan
membawa beban hampir dua kali ganda keupayaan membawa beban gris MNR daripada
618.03 N kepada 784.8 N. Oleh itu, penggunaan bahan tambahan telah meningkatkan dengan
ketara keupayaan membawa beban dan pekali geseran yang lebih rendah yang penting untuk

aplikasi dalam galas.
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CHAPTER1

INTRODUCTION

1.1  Research Background

When it comes to high heat, heavy loads, and continuous use, greases are one form of
lubricant substance that offers a number of advantages. During the industrial revolution,
specialized oils and greases were utilized to lubricate moving parts of machinery. Lubricants can
come in a variety of forms, including oil-based, solid, and semi-solid formulations. Performance
additives, inhibitors and stabilizers, and detergents are the three types of lubricant basic materials.
Thickeners are dispersed throughout the grease to trap oil pockets and keep them from being
released during surface interaction; these performance additives make the grease semi-solid. There
are several different types of thickeners, including simple soaps, complex soaps, and non-soap
thickeners.

With regard to chemical mixture and additization, greases are one of the most commonly
used lubricants that operate under elevated temperatures, higher loads and longer service life. The
solid lubricant or nanoparticles serves a special function which is anti-wear or extreme pressure
(EP) additives and the surfactant prevents agglomeration of the nanoparticles. Sulfur-based
additives are commonly used to improve the wear performance of greases, while lithium-based
simple soaps or Li-complex soaps are more uncommon. As a result of its EP additives, Sulphur
creates an EP-coated layer on the surface of metal to protect it from further wear and tear.

Because of its many advantages, molybdenum disulfide has found widespread use in
aerospace and military engineering. As it finds widespread use in many commercial contexts.
Grease and other speciality pastes that resemble grease utilize it extensively. Lubricants, such as

motor oil and industrial gear oil, also make use of this substance. Molybdenum occurs in both



hexagonal and rhombohedral crystal structures. The hexagonal shape dominates, and it's the only
kind of disc.

Therefore, this study is inspired from other finding to investigate the seizure wear of steel
ball bearing lubricated with grease with Molybdenum disulfide (MoS,) additives under extreme
pressure. The testing procedure adhere to ASTM D 2266 and D 2596 standards for extreme
pressure test under boundary lubrication regime. The load of seizure type until weld point will be

determine from the test.



1.2 Problem Statement

Load Carrying Capacity under extreme pressure is a critical factor in the application
(EP). The diameter of the wear scar is determined by the viscosity of the lubricant. The
amount of additives affects viscosity increase. Anti-wear additives have been found to show
anti-wear properties in lubricants through experimentation. Different formulation additives
are used in the same experimental four-ball testing machines, with the same settings.

Grease performance is enhanced and lubricant consumption capacity is reduced by
the addition of additives in this study. Additionally, lubricants that are oil-soluble can be
used to reduce power loss. Molybdenum, as an additive to the grease, has been shown to
form a low-friction surface film during high-load operation of a machine. The primary goal
of this paper is to find and assess the most effective additives for enhancing grease
composition.

About 30% of mechanical systems fail due to tribological failures. In order to
alleviate this issue as little as possible, it is important to choose a grease formulation that
takes wear and friction into account. Additives are commonly used to keep machines clean
and avoid damage to the metal surfaces they come into contact with.

Because of this, the friction, heat, and wear behaviour of greases with the best
formulation will be reduced. Another benefit of grease is that it extends machine life. As a
result of increased reliability and productivity, manufacturing businesses can save time and

resources.



1.3 Objective

The objective of this project is.
i To investigate the effect of different type of additive in MNR grease on friction and
wear of ball bearing
ii. To determine the Extreme Pressure (EP) properties of Molybdenum disulfide

(MoSy) as an additive in MNR grease

1.4 Research Scope

Important tasks must be taken into account in order for this study to achieve its goal.
Prior to concluding this study, it will be necessary to define some key parameters. In this
research, versatile grease was created using MNR grease. MNR grease is supplied by MNR
cooperation and is a high-performance grease created from recycled base oil. To add to that,
an additive will be used in this study to give the greases an additional special property. MNR
is a base grease without any additives. Others were added additives which are MNR + MoS,
molybdenum disulfide (MoSz2), MNR + LCG, lithium complex grease (LCG), and MNR +
K with potassium (K). Tribological test will be conducted by using Ducom 4 ball tester under
ASTM D-2266 and D-2596 standards. The quantitative analysis is done using 3D Non-
contact Profilometer to obtain the WSD and wear profile surface. The results obtained are
used to determine the seizure wear of MNR grease with MoS; additives in terms of Wear

Scar Diameter against Load.



LITERATURE REVIEW

2.1 Introduction

This chapter presents the study's background information, which was compiled from
a variety of sources, including but not limited to journals, papers, reports, websites, and
books. This chapter's objective is to act as a road map for carrying out the project in
accordance with what has been learned and established thus far. Tribological investigations,
which are particularly interested in the component's lubrication, are what will help you reach
your objective.

Structured as follows: Tribology investigations are described in further detail in Section

2.2, lubricants are discussed in Section 2.3, grease is discussed in Section 2.4, and finally all

experimental parameters are described in Section 2.5.

2.2  Tribological Study

Tribology, as defined by the United Kingdom's Department of Education and Science in
1966, is the study of the complex interactions between moving surfaces and the technologies
used to study them. One who specialises in the study and application of tribology is known as a
tribologist. Tribology is the study and technology of the science and technology of surface
contact between moving, linked surfaces. For a given load, tribology can be used to lessen the
surface's frictional resistance to relative motion. In addition, it covers hydrodynamic lubrication,
hydrostatic lubrication, and Elasto Hydrodynamic Lubrication (EHL), all of which make use of

lubricant (Dongare, Pr. Dofr. A. D., 2014)

2.2.1 Automotive tribology

Motor vehicles are propelled by a reciprocating internal combustion engine,
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which is the most critical part. Motorcycles, scooters, mopeds, vans, trucks, buses,
agricultural vehicles, construction vehicles, trains, boats, and ships are all examples
of ground and sea transportation. Replacing an external fuel source with an internal
one is inefficient because of the heat and friction lost during the combustion process.
The greenhouse effect is exacerbated by emissions of greenhouse gases such as
carbon dioxide, hydrocarbons, and nitrogen oxides (NOXx). Tung et al. (2004) found

that (S.C. Tung et al.)

2.2.2  Importance of engine tribology

The engine tribology can effectively lubricate all moving parts. It is possible
to reduce the negative environmental impact by lowering the friction and wear rates.
Speed, load, and engine temperature all play a role in the task's operation. There are
several ways to enhance the tribological performance of engines, such as decreasing
fuel consumption and improving engine power output, decreasing oil consumption,

and minimizing dangerous exhaust emissions.

The energy produced by combustion is then routed through the various
components of the engine and drivetrain. In addition, the friction loss, which accounts
for 48 percent of an engine's energy consumption, is also a major factor. 35 percent
of the resistance is attributed to acceleration, while 17 percent is attributed to cruising.
About 66% of all friction loss occurs in the engine's valve train, crankshaft,
transmission, and gears (34 percent). Rotating bearing, valve train, and auxiliary

components all cause frictional losses. McMillan et al. conducted a study in 2004.



2.3 Lubricant

In order to reduce wear, lubrication plays an important role in preventing the
components from coming into direct contact with each other. Grease can be found in motors,
bearings, pumps, and other automotive components. In addition to high pressure resistance,
viscosity, anti-wear and corrosion resistance, the lubricants' reaction affects the performance
of the machine. Engines benefit from the reliability and protection that efficient lubrication
provides by reducing corrosion and wear. It also reduces wear, corrosion and shocks by
lubricating the parts. This complex mixture of base oil and additives makes up motor oil or
the lubricant of the engine. There are a number of different anti-wear additives on the market,
each with a slightly different goal in mind. To prevent abrasive, adhesive, and corrosive

wear, apply a layer of protection to the contact surface (Nazare et al., 2018).

2.4 Greases

The National Lubricating Grease Institute classifies greases based on the percentage
of worked infiltration (Nagendramma et al., 2015). Soap and synthetic oils known as
thickener are used to make semi-solid lubricants. Since the dawn of the industrial revolution,
grease has become a well-known lubricant component. Grease properties such as rheology
and microstructure are influenced by the ingredients and manufacturing microstructure. In
addition to graphite, PTFE, and talc, MoS2 and EP additive for greases are widely used as a
solid lubricant. Load-bearing potential is provided by the lamellar structures of the MoS2
and graphite particles, which are interconnected by weak Van der Waals forces. In order to
prevent asperities from contacting, the forces are sheared and deposited on the surfaces that
are in contact with each other. In addition, the reaction acts as a barrier to further seizure,

wear, and abrasion of the surface (Bagi et al., 2015)



2.5 Additives

Additive is a synthetic chemical substance that improve the parameter of lubricants.
It boosts the existing property and suppress the undesirable property in the base fluids. The
main function of additive is to improve the performance of grease. There are several types
of additive and each of them have a special property in lubricant. The most common

additives are:

Anti-corrosion: -

It prevents and reduce the process of corrosion.

e Anti-wear: -

It prevents wear forming a strong surface film which reduce the contact surface to
prevent heating due to extreme pressure.

e Antioxidant: -
It prevents oxidation from occurs which lead to damage and turn to admit the
impurities.

e Viscosity index improver: -
It retains the viscosity of grease which will break down at high temperature due to

engine overwhelmed.



2.5.1

Type of additive

Molybdenum di sulfide (M0S2)

MoS2 is a well-known extreme pressure additive that has been largely
used in greases. Dickinson et al state the properties of MoS2 are extensively
attributed to the crystal structure as resulted from the crystal structure of MoS2
studied. It clearly states that a hexagonal structure of MoS2 have six- fold
symmetry layer with molecules per unit cell. The frictional behavior of M0S2
is comprehend by ‘S-Mo-S’ bond characteristics and the angles. In theinter-
planar electron bonding the atomic bonds are stronger in graphite. The
bonding strength have six free electrons in MoS2 structure that are bound in
the lattice and the existence of weak Van der Waal’s forces which allows an

easy shearing of adjacent ‘S-S’ layers.

Moreover, the polarity of surface of MoS; give adsorption on the face
to cleaved which it endorses the adhesion of MoS; layers onto the surface of
metals. Structure of MoS2 is like that of graphene which it has Mo and S in
hexagonal structure. The mechanism of friction in MoS2 conception explains
by several theories’ behavior of graphite. The coefficient of friction of MoS2

also depends on loading conditions that exist at the asperity contacts.

The effect of load and sliding speed on material that is un-bonded films
of MoS2 was investigated which revealed the wear life of the component not
fully affected by low loads and high speeds. However, at high loads and low
speeds there was a high amount of wear of the component which that the
friction coefficient of MoS2 grease increases with revolutions tested. This

behavior associates to lattice structure of MoS2 as well as formation and



removal of tribofilm on the wear surface. MoS2 have a layered lattice
structure which forms a protective tribofilm give it not oriented in the
direction of shearing. Thus, it would act as a pro-abrasive agent due to the
presence of sharp edges and corners. At lower loads, the MoS2 would behave
as an abrasive due to the inability the shear the layers which occur during the

Van der Waals forces of attraction. (Salomon et al.)

Lithium Complex Grease

Greases based on lithium have better water resistance compare to
sodium greases. Apart from that, it also has better high-temperature properties
and excellent mechanical properties. Moreover, it has a good ability to be
pumped and resistance to shear. Although lithium complex greases are more
expensive to manufacture that other greases type it can give more advantages
and performance compare to sodium and calcium thickeners. Lithium
complex greases possess the properties of lithium soap greases which have a
higher dropping point of the lithium complex grease at higher temperature.
The dropping point of the lithium complex greases is higher compare to
simple lithium soap grease due to the complexing agent as a second thickener
component. The modern lithium complex grease uses a shorter chain-length

difunctional carboxylic acid. (T. Singh,2008)

10



Potassium

Mansfieal et al reported that potassium titanite largely used in the
formulation of non-asbestos organic. The whisker shape potassium titanite
used as substitute asbestos fibers in material of brake friction. The enhanced
fade and wear resistance is affected by the ratio of resin to potassium titanite
whiskers in the binder. The usage of potassium titanite results in the
development of acicular whiskers, which may pose a health risk. It's a
common ingredient in organic friction materials that improve friction stability
at high temperatures but don't contain steel. Noise is likewise diminished, and

the disk's wear resistance is enhanced.

The friction stability invented to stimulate irregular brake application
in the vehicle have been investigated by using a constant interval test. Phenolic
resin's stability in friction coefficient is due to the glass transition and thermal
degradation. The bond strength between the resin and the fillers in the friction

material decreases with the glass transition temperature, which causes this.

Krauss test findings demonstrated that, compared to platelets, potassium
titanite whiskers and splinter in friction material have superior high temperature
friction stability. The potassium titanite and the titanate outpace the wear rate of the

friction material. Wear resistance, as inferred from inspection of the surface

morphology, was found to be affected by the thickness of the transfer films.

11



2.6 ASTM D 2266 and D2596

This ASTM D 2266 is for Wear Preventive Characteristics of Lubricating Grease (Four-
Ball Method) and ASTM 2596 for measurement of Extreme-Pressure Properties of Lubricating
Grease (Four-Ball Method). One steel ball is used as the rotating load, while three others are used
to form a stationary cradle for the test. The steel ball are made from carbon-chromium steel with
a diameter of 12.7 mm and a HRC hardness ranging from 64-66. The lower three balls are
immersed with grease about 7-10 ml in volume which in this case MNR grease with different
type of additives. For ASTM D 2266, the test conducted at temperature of 75°C, speed 1200 *
60 rpm , duration is 60 min and load is 392 N. For ASTM 2596 , the test parameter used in this
run are rotating speed of 1770+60 rpm and 27+ 8 °C in temperature and 10 seconds in duration.
The tolerance value of the rpm and temperature are quite high because it can be used to
differentiate lubricant having low, medium, and high level of EP properties. Preparation are
needed where the balls need to be cleansed which utilized acetone as the solvent. The test are
carried out with increment in loads after each run until welding occurs with load ranging from
200 N to 2000 N. One of the ball from each run should be measure to the nearest 0.01m scar
diameter by placing them on a holder under the microscope. The results obtain should follow the
following graph plot which is the schematic Plot of WSD against the applied load as can be seen
in Figure 2.1. The mean Hertz line is obtained through the equation (1). Each solid can be thought
of as an elastic half-space, strains are tiny, and frictionless, continuous surfaces are assumed for
the means Hertz line. This is because Hertz contact results in normal displacements of the
surfaces, limiting the forces acting between the bodies to those of normal pressure. The load wear

index can be calculate using equation (3)

Dh = 8.73 x 1072(P)*/3 (1)
where:

Dh = Hertz diameter of the contact area, and
12



P = the static applied load

Corrected load, kgf =LDh/X (2)

where:

L = applied load, total load multiplied by lever arm ratio
Dh = Hertz scar diameter, mm

X = average scar diameter

Load —wear index, kgf = A/10 3)

where:

A = total of the ten pre-weld loads that have been modified to account for their cumulative

effects

B

A
HERTZ LANE

APPLIED LOAD, KG

SCAR DIAMETER, M

ABE—Compensation line.
B—FPuoint of last nonseizure load.
BC—Region of incipient seizure.
CD—Region of immediate seizure.
D—Weld point.

Figure 2.1: The schematic plot of WSD against load

[ Source : ASTM International ]
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2.7 Friction Coefficient

The production of oxidation MoS; increases the friction coefficient between interacting
surfaces. EDX map shows the presence of oxidation products on the wear surface oxidation
by products dictate the life of bonded films. Since cyclic loading shows smaller regions of
tribofilm presence on the wear surface, the oxidation products formed at higher pressure and
temperature led to quicker removal of sacrificial films formation. Figure 2.2 shown
comparing the morphology of MoS2 and F-PTFE particles reveals that the former are squarer

and more angular, while the latter are more oblong and rounder. (S.Bagi et al., 2015)

Figure 2.2: (a) SEM images of MoS2 particles at 500%; (b) SEM images of F-PTFE

particles at 100x. (S.Bagi et al., 2015)
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2.8 Wear Mechanism
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Figure 2.3: These secondary electron micrographs at low magnification

Figure 2.3 shows the area of interest on wear mechanism with correspond to cycling
load condition. This is as evidence that the images smaller amounts of wear appeared in
cyclic frequency conditions compare of cyclic loading conditions. Images show that abrasive
wear mechanisms predominate under cyclic loading, while polishing wear appears to be
proven under cyclic frequency. Grease's wear scar diameters are reduced thanks to the
protective tribofilm that forms on the wear surface. Different types of greases produce the

different wear mechanism.
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METHODOLOGY

3.1 Experimental method

There are two objectives of this study. First is to determine the friction and wear properties
of MNR grease with different type of additives. Having first established the friction and wear
qualities of MNR grease containing various additions, the next step was to select the additives
exhibiting the least friction and wear. Second objective was to determine the load bearing capacity
of the chosen grease at extreme pressure condition. The grease was supplied by MNR company.
The MNR is a base grease without any additives. Then 10% of additives were added by using magnetic
hot plate stirrer which are MNR + MoS;, molybdenum disulfide (Mo0S,), MNR + LCG, lithium complex
grease (LCG), and MNR + K with potassium (K). This study using American Society of Testing and
Materials (ASTM) procedures. ASTM D 2266 and D 2596 standard test method for measurement of
wear properties and extreme pressure properties of MNR grease. The 3D non-contact profilometer

was used to measure the wear scar diameter of the ball after tribological test.
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Figure 3.1 : Flow Chart of the project
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3.2 Grease preparation

The greases were provided by the MNR Multitech Sdn Bhd. Composition of percentage
of the grease were 70% from base oil, 3 — 30% from thickener, and 0 - 10% from additives.
Base oil of the grease is from waste oil collected from industrial waste, thickener was made
from red gypsum and additives were molybdenum disulfide (MoS>), lithium complex grease
(LCG), and potassium (K) as shown in Figure 3.2. In order to prepare the grease with
additive, 10% of additive is added into 180 g of MNR base grease. Around 20 g of each
additive is added into 180 g of MNR grease. Each grease is weighted as 200 g. The blending
process was performed by stirring the mixing at 400 rpm and 60 °C. The process was

completed after the grease color became uniformly dark.

+ Mineral oil + Simple metal soaps * Enhance desirable properties
« Synthetic fluid + Complex metal soaps  + Suppress undesirable properties
+ Nonsoap thickeners » Add new properties

- Made from red

gypsum as one of the - MNR GREASE
thickener -

- Made from waste oil

as base oil

Figure 3.2: Formulation of MNR grease

3.3 Ultrasonic bath

Before the SKF carbon-chromium steel ball can be use for the 4 ball tester, they are required

to undergo ultrasonic bath. This is to remove the contaminant and grease which SKF used to

18



prevent rust and it is done using GT Sonic Ultrasonic Bath. The cleaning solution used is acetone
and the detailed breakdown of the procedure is as below
1. 4 of 12.7mm carbon-chromium steel ball is placed inside a beaker by using a spatula
or tweezers
2. Before handling acetone, PPE such as gloves and eye protection are needed to be worn
all time
3. Acetone are poured in the beaker until they are fully submerged
4. Place the beaker inside the ultrasonic bath and the lid are placed on top of the bath
5. The bathing time of the ball are set for 10 minutes.
6. Once the bathing are done, the ball are cleansed thoroughly with tissue paper before

being used for the tribometer test.

Figure 3.3: SKF Steel ball immersed in acetone
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Figure 3.4: Steel ball being clean with the ultrasonic bath machine

Figure 3.5: (a) Power Supply (b) PC (c) Electronic Controller

The main power is switch on as shown in (a) to give a power supply to the machine. Then, the
switch located behind the equipment is turn on (b) as well as the Electronic Controller and the PC
(c). The process needed to ensure the data collected from the experiment is gainedby the PC. The
electronic controller is to control the temperature, speed, torque, and the period of the

experiment.
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3.4 Tribological test (ASTM D 2596 and D 2783)

The Four Ball Testing Machine as shown in Fig.3.6 is functionalized to measure the
properties of greases with a suitable standard. The three stationary steel balls which immerse
in the grease contact with point interface of the rotating diameter steel ball under the apply
load. The speed of rotation, normal load, and temperature can be adjusted using an electronic
controller accordance to the standard test schedule. The main objective of this machine is to
determine the load carrying capabilities of lubricating grease. The four-ball tester is an
excellent instrument for development and quality check for the users of lubricating oils. The
stability and repeatable contact can be gain by unique configuration gives a repeatable result.
Moreover, this machine is good R&D product due to the ability to measure repeatable and
quick result. From the test the size of the scar will be obtained and shows the ability of the
lubricant to prevent wear. Poor wear presentative property indicates by large size of wear

scar while the smaller indicates superior wear preventive property.

F—
C Rotating Ball
—

Thermocouple

Stationary Balls Heating Block

Figure 3.6: The schematic of four ball test
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The test parameter of this experiment and the mechanical properties of the steel ball are
tabulated in Table 3.1 and Table 3.2 respectively. ASTM D 2266 is for Wear Preventive
Characteristics of Lubricating Grease (Four-Ball Method). ASTM 2596 for measurement of
Extreme-Pressure Properties of Lubricating Grease (Four-Ball Method). The working principle of

the tribometer can be seen as in Figure 3.7.

Table 3.1: ASTM Standards for Extreme Pressure test

Standard Load (N) Duration (sec) | Temperature °C Speed (rpm)
ASTM D 2266 392 3600 75 1200 £ 60
ASTM D 2596 200-2000 10 sec at each 75 1700

load

Table 3.2: The mechanical properties of the carbon chromium steel ball manufactured by SKF

[ Source : SKF USA Inc |

Properties Carbon-chromium steel ball
Hardness, HRC 61

Density g/lem?® 7.79

Surface Roughness pm 0.022

Diameter mm 12.7
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Figure 3.7: The schematic diagram of the 4-Ball tester

The step by step for the test are as follow:

1. The ball pot are cleansed with acetone and wiped with tissue paper to remove
contaminant,debris and oil from previous run

2. The ball locking ring are inserted into the ball pot and the three bottom ball placed inside
it

3. The locking nut are threaded in and tightened using torque wrench with torque rating of
40-50 N.m

4. The lubricant are poured in at about where the bottom ball are almost submerged to achieve
the boundary lubrication condition.

5. The ball are inserted into the collet and secured by pressing the ball onto the collet master.
This is crucial to avoid the ball from vibrating and spinning uncontrollably during the run

6. The collet are inserted into the spindle and are align by slotting in the collet into the slot.
23



10.

11.

12.

13.

14.

15.

The ball pot are transferred into the equipment and placed on the base. The ball pot needs
to be align perfectly with the best to ensure stability and safety during extreme pressure
environment.

The sensor are connected to the ball pot and the weight hanger are attached at the weight
arm.Align the pot with the frictional torque sensor

The dead weight are added to the weight hanger and the balancer are used to balance out
the weight.

The test parameter are keyed in into the electronic controller which in 10s in duration, 27+8
°C in temperature and 177060 rpm in speed.

The software are runned continuously and sequentially with the actual test to collect real
time data

Once the run finished,the arm lever are lifted and stacked against the stopper and the dead
weight are removed.

The sensor connected to the ball pot are removed and the locking nut are removed using
the torque wrench. The ball are removed and immersed in acetone to undergo bathing
process.

Remove the top ball from the collect by pushing the pin of the collect master against the
ball.

Clean all equipment with acetone and repeat steps 1-14 for the next run
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3.5 3D non-contact profilometer

The 3D non-contact profilometer was used to obtain a deeper view of the specimen
after the wear test was completed, as shown in Figure 3.8 below. It can concentrate on the
worn track and generate a 3D profile of the deepening image. The 3D non-contact
profilometer was used to get wear scar radius and wear depth for this experiment using a 3D

profile of the wear track.

Figure 3.8: 3D non-contact profilometer

3.6 Coefficient of friction calculation

The calculation of coefficient of friction is by the multiplication of the mean friction
torque and spring constant. To measure the frictional torque in this experiment, a load cell is

used. It can be expressed as:

X3XW X
T=" r (3.1)
NG
T x V6
cp= 2 (3.2)
3IXW Xr
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where,

u = Coefficient of friction

T = Frictional torque (kg-mm)

W = Applied load (N)

r = Distance from the center of the contact surface on the lower balls to the axis of

rotation.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

This chapter will be discussed on the results from the experiment that have been
conducted which contain the friction coefficient, and wear data. Specific calculations are
performed to obtain the coefficient of friction. This chapter is divided into 5 sub-section
which are section 4.2 will be explained on the experimental data of the ball. Section 4.3
focuses on the coefficient of friction and the section 4.4 on the wear rate analysis of the
specimen. Lastly, 4.5 will shows the surface roughness formed in MNR with different

additives.

4.2  Coefficient of friction and wear for MNR grease

According to this study, a grease performance is in good condition when it has lower wear
scar diameter value. Figure 4.1 shows the result from four ball test for four different types of grease
according to ASTM D 2266. The average coefficient of friction was determined from 1000s to
3000s of sliding time as shown in Figure 4.1. The highest COF was MNR base grease which is no
additive added into the grease. Followed by MNR + K, MNR + LCG and MNR + MoS>. The trend
was same for wear of the stainless-steel ball after as shown in Figure 4.2. MoS; additive showed
the capability to reduced friction and wear. Around 32% to 36% of friction and wear reduction

was obtain as compare to MNR base grease.
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Figure 4.2: Average steady region of coefficient of friction and wear scar diameter of MNR
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MNR + MoS2 [ MNR + LG

Figure 4.3: Wear scar image of contacted ball with different type of additive grease

Figure 4.3 shows the result of the surface observation. The majority of the results reveal
that adhesive and abrasive wear occurs throughout the test. Adhesive wear, in which two bodies
stick to one another locally so that material is transferred from one to the other and the damage to
contact surfaces caused by hard particles between the contact surfaces is referred to as abrasive
wear. The contact components or the outside environment could be the source of these hard
particles. With increasing relative speed, load, and hardness of the hard particles, the degree of
abrasive wear increases. MNR grease with additive showed smooth like polishing wear as
compared to MNR grease without additive. MoS; additive prevent high wear of ball bearings in
boundary lubrication regimes. In boundary lubrication regimes, the grease properties should
sustain it properties as surface layer of direct contact between steel of ball bearings.

As a conclusion, MNR grease with MoS; additives have a low coefficient of friction and
wear as compared to other grease. Thus, MNR + MoS; grease was proposed for extreme pressure
properties test.

As the load is increased, the torque is likewise increased, but the increase in torque is not
proportional to the increase in the applied load, hence the coefficient of friction (COF) decreases.
At lower loads, the weak Van der Waals forces existing between the hexagonal Mo and S layers
are not overcome, leading to shearing of the layers at the S-S interface, which physically deposits

on the wear surface increasing the weld-load and preventing the seizure of the surfaces. MoS2's
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lubricating qualities are significantly influenced by both temperature and humidity. In humid
conditions, its wear resistance degrades, but in dry air or an inert environment like argon, it
performs much better. MoS2 particles become softer in the presence of moisture, resulting in a
thinner film on the interaction surface, a decrease in load bearing capacities, and poor wear
performance, as demonstrated in a study on the influence of moisture on the wear properties of
MoS2 conducted by Gao et al.

4.3  Extreme pressure properties of MNR greases

Table 4.1, 4.2 and 4.3 showed the tabulated test results for MNR + M0S2, MNR and SKF
grease as comparison at Extreme Pressure (EP) test. From EP test, the last non-seizure load, and
welded point were determined respectively. From wear test result, MNR + MoS; showed low wear
and low friction as compared to MNR grease. As the EP test conducted, the last non-seizure load
for MNR without additive was 313.92 N. By adding MoS: additives in MNR grease, the value of
non-seizure load shifted to 490.5 N. This, mean that, the wear load is increases as MoS; additives
is presented in the MNR grease. The EP test was continued until the ball bearing is welded. Both
welded load is at 1236.06 N. Thus, this results are comparable to commercial grade grease, SKF.
From the surface morphology recorded by 3D non-contact profilometer, wear scar of MNR grease
encounter high wear due to adhesive wear from 618.03 to 981 N. This could not found in wear

scar images of MNR + MoS; ball bearings.

Table 4.1: Recording test results for MNR + MoS; grease at Extreme Pressure (EP) test

Load. [ 0oy VINREvios2
[kef] 1stball | 2ndball | 3rdball | Average Remarks

20 196.2 0 0 0 0 No wear

24 235.44 0 0 0 0 No wear

32 313.92 0 0 0 0 No wear

40 392.4 0 0 0 0 No wear

50 490.5 0 0 0 0 No wear

63 618.03 0.7108 0.5765 0.6240 0.6371 Not welded

80 784.8 0.7406 | 0.7717 | 0.7284 | 0.7469 | Point of last non seizure load

100 981 2.7640 | 2.4200 | 2.6780 | 2.6207 Not welded

126 1236.06 Welded

Table 4.2: Recording test results for MNR grease at Extreme Pressure (EP) test
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Load. MNR
Load, [N]

[kef] 1stball | 2ndball | 3rdball | Average Remarks
20 196.2 0 0 0 0 No wear
24 235.44 0 0 0 0 No wear
32 313.92 0 0 0 0 No wear
40 392.4 0.3685 | 0.3608 | 0.3563 | 0.3619 Not welded
50 490.5 0.5314 0.5647 0.5367 0.5443 Not welded
63 618.03 | 0.7435 | 0.7999 | 0.7478 | 0.7637 | Point of last non seizure load
80 784.8 2.5840 | 2.5880 | 2.7300 | 2.6340 Not welded
100 981 2.6080 | 3.3620 | 2.8460 | 2.9387 Not welded
126 1236.06 Welded

Table 4.3: Recording test results for SKF grease at Extreme Pressure (EP) test

Wear scar diameter,WSD [mm]
Load. Load, [N]

[kef] 1st ball 2nd ball 3rd ball Average Remarks
20 196.2 0 0 0 0.5 Not welded
24 235.44 0.3285 0.3340 0.3360 0.5060 Not welded
32 313.92 0.3997 0.3841 0.3952 0.5620 Not welded
40 392.4 0.4047 0.4040 0.3997 0.5760 Not welded
50 490.5 0.4071 0.3981 0.4213 0.6800 Not welded
63 618.03 0.5299 0.6020 0.6399 1.8480 Point of non seizure load
80 784.8 2.4880 2.5860 2.5840 2.0930 Not welded
100 981 2.8900 2.9440 2.7980 2.1550 Not welded
126 1236.06 5.2140 5.2320 4.8300 2.5280 Not welded
173 1569.6 5.2140 5.2320 4.8300 2.5280 Welded
Sample Ball 1 Ball 2 Ball 3
63 kgf/
618.03 N
Abrasive wear
Wear
scar
diameter, 0.7108 0.5765 0.6244
WSD
(Hm)
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2.420 2.678

Welded

Figure 4.4: Wear scar image of ball bearing for MNR + M0S2
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Sample

Ball 1
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3924 N

Abrasive wear

Wear scar
diameter, WSD
(mm)

0.3685

0.3608
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4905 N

Abrasive wear

Wear scar
diameter, WSD
(mm)

0.5314

0.5647

0.5367

63 kgf/
618.03 N

Type of wear

Abrasive wear

Wear scar
diameter, WSD

(Hm)

0.7435

0.7999

0.7478

80 kgf/
784.8 N
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126 kgf/ |

1236.06 N VERSITI TE EMALAYSIAN 1|~ A

Welded

Figure 4.5: Wear scar image of ball bearing for MNR grease
Figure 4.6 showed comparison result of Extreme Pressure (EP) test for MNR + MoS; and MNR
grease. As referred to Figure 2.1, A to E is the compensation line determined from ASTM D2596 standard.
B is the last non-seizure load, C to D is region of immediate seizure and D is weld point. The last non-

seizure load and weld point is clearly shown in Figure 4.7. The last non-seizure load for MNR-MoS; grease
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was 784.8 N and MNR was 618.03 N respectively. This indicates that the MNR grease containing
MoS: has improved the load carrying capability of the MNR grease. As the load increased from
the point of the last non-seizure load, the WSD of the MNR grease increase rapidly and enters
region of incipient seizure. This indicates that the grease is no longer lubricating the steel ball and
the steel ball is now experiencing direct metal to metal contact which occurs from 618.03 N to 981
N. When it enters the region of immediate seizure (784.8 N — 981 N), the WSD of the ball bearing
is starting to plateau before it reached the weld point. This explains why the WSD of the MNR
grease increased rapidly. Severe adhesive wear was also spotted causing high wear scar on the
MNR steel ball. For the MNR grease with MoS> additive, it enters region of incipient seizure later
than MNR grease (784.8 N). Then, it enters the incipient seizure region at 981 N. The MNR with
MoS; additive able to reduce the severity of the adhesive wear significantly compared to the MNR
grease. The weld point for both grease was similar at 1236.06 N. This results are comparable to

commercially available SKF grease.

~6—SKF -« MNR+ MoS2 -=-MNR

Wear scar diameter, WSD [mm]

190 390 590 790 990 1190 1390
Appliad load, N

Figure 4.6: Comparison result of Extreme Pressure (EP) test for MNR + MoSz, MNR and SKF
grease
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Figure 4.7: Comparison result of last non-seizure load and weld point for
MNR + MoSz, MNR and SKF grease

4.4  Propose of wear mechanism for MNR + MoS: grease

MoS; additives plays a major role in improving the extreme pressure properties of the MNR
grease. One of the most remarkable improvement is in the last non-seizure load, where it increases
it from 618.03 N to 784.8 N. MNR + MoS; grease decelerate the incipient seizure load by lowering
them at a significant rate. This is because, MoS> additives introduce a new lubricating mechanism

enhancing the said aspects as can be seen in Figure 4.6 above.

First and foremost are mending effect where the additives are deposited onto the grooves
or on the worn surface which reduce surface roughness as in Figure 4.8 below. The ball surface
are irregular which can only be seen at microscopic level where theoretically will have high CoF

and causes greater wear. As these additives enters the contact area under extreme pressure and
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bears the load, they are crushed and fills up the irregular surface of the asperities. Therefore, they
self-mend onto the surface and effectively increase the surface roughness. This in turn would
greatly reduce the WSD and friction coefficient for the given applied load resulting in shallower
plow furrow. Since MoS; are generally soft, they have the characteristic of shock-absorbing which

can easily “sacrifice” itself to minimizes direct contacts of metal.

Additive

Grease K’ Physical film

Figure 4.8: Illustration of mending effect where additives fill up the irregular surface on worn

surface

[ Source : Kheireddin et al.]

The second lubricating mechanism are ball bearing effects. Additives are spherical in shape
enabling them to play the ball bearing effects which effectively change sliding friction into rolling
friction. Rolling friction effectively reduce the CoF of the contact surface which makes all rotation
takes place smoothly contributing to less wear. Figure 4.9 can illustrate on how there spherical
additive work where they mobilize at high speed and align themselves along the sliding direction
of the worn surface. Additives are at the optimum size of 60-70nm which can contribute noticeable
rolling and are crushed between asperities to separate the asperities minimizing CoF. Low friction
means greater wear deceleration and higher load carrying capability. This is highly desirable since
the base grease only contains grease film with no solid particles to enhance it lubricating

mechanism.
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Additive

Figure 4.9: Illustration of ball bearing mechanism

[ Source : M. llman et al.]
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CONCLUSION

5.1 Conclusion

The research and development on reducing friction and wear has been the main focus in
tribology field. The increase demand in higher extreme pressure lubrication has driven the passion
to find the suitable additive to enhance such criteria. With the dispersion of suitable additive,
enhancement of the key lubricating properties on boundary lubrication can lead to more
enhancement on lubricating properties that improve the overall performance of ball bearing in
various condition of application. However, even with extensive research in EP properties, there
are still huge gap of knowledge and application of additive in grease in the real world. This study
was conducted to provide a form of sharing and addition of knowledge and information to the
tribology field and the future researcher in particular. Therefore, this study comes up with the

following conclusions.

a. In this study three different additive were blended with MNR grease to investigate
the effect of additive in MNR grease on friction and wear of steel ball bearing.
Based on the result of experiment, the MNR with MoS; additive exhibited the best
performance as compare to others additive based on the its behavior. MNR with
molybdenum disulfide additive have the lowest coefficient of friction at average of
1000 s to 3000 s which is 0.038 compare to the other additives Lithium (0.052), and
potassium (0.058). Moreover, the average wear scar diameter (mm) from the
measurements also showed that MNR with molybdenum disulfide gave the lowest

wear scar reading which is (0.340 mm).
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b. MNR with molybdenum disulfide is propose for extreme pressure test to determine
the load carrying capability and weld point as compare to MNR grease without
additive. It is found that the point of last non-seizure load for MNR grease is
increased from 618 N to 784.8 N as MoS: additive introduce in MNR grease. The
addition of MoS; additive also reduce the severity of adhesive wear observed when
the ball is lubricated with the MNR grease itself. This conclude that MoS; is
promising to prevent high wear of ball bearing due to its protective film layer
prevent from direct contact of metal to metal, ball bearing effect and mending

effect.
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