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ABSTRACT

Major functions of lube oil include cooling, friction reduction, and wear
control. The lubricating oil develops lubricating film between moving surfaces,
which reduces friction and wear. However, the engine oil is a depository of
impurities. These are in the form of solid, liquid, and gaseous contaminants. If
uncontrolled, these contaminants can build up to excessive levels. High levels
of lubricant contamination cause wear of mechanical components as well as
breakdown of the lube oil. The result is performance degradation, reduced
engine life, and short oil service life. In this research, the study of physical and
chemical properties has been done for ten different samples taken from diesel
engine. Different aged lubricating oil samples were chosen to see the wearing
effect of the engine. The results were compared in terms of wear condition, oil
condition, contamination and particles size distribution. Where, wear condition
represents the present of total metal particle like iron, aluminum, copper,
chromium, oil condition evaluates the properties like viscosity, oxidation,
contamination measures presence of soot and difference size of particles.

Keywords: Lubricating oil, Oil filter, Wear condition, Contamination,
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CHAPTER 1
INTRODUCTION

1.1 Background

A major function of lubricating oil is friction reduction and wears
control. The lubricating oil develops lubricating film between moving surfaces,
which reduces friction and wear. However, the engine oil is a depository of
impurities. These are in the form of solid, liquid, and gaseous contaminants. If
uncontrolled, these contaminants can build up to excessive levels. High levels
of lubricant contamination cause wear of mechanical components as well as
breakdown of the lube oil. The result is performance degradation, reduced
engine life, and short oil service life. The main cause of lubricating oil
declination is contamination such as wear debris, soot particles, oxidation,
water, fuel, glycal, air and heat [1].

The way that fuel is injected and ignited, aggromorate soot formation
occurs more commonly in diesel than in gasoline engines. Unlike gasoline
engines where the fuel/air mixture is ignited with a spark, fuel and air entering
the diesel cylinder ignite spontaneously from the high pressure in the
combustion chamber. The fuel and air mixture in diesel engines typically do not
mix as thoroughly as they do in gasoline engines. This creates fuel-dense
pockets that produce soot when ignited. While the majority of soot easily
escapes through the exhaust, some gets past the piston rings and ends up in the
lubricant oil. These impacts directly on declination life of lubricating oil which

contributes to wear [2].



1.2 Objectives

1.2.1. To characterize physical and chemical properties of lubricating oil
(SAE 0w-30) in used diesel engine.

1.2.2. To investigate wear particles size distribution in used lubricating
oil (SAE 0w-30) and oil filter in diesel engine by using laser diffraction
technique.

1.3 Scope of the study

1.3.1 Investigate physical and chemical properties of lubricating oil
(SAE 0w-30) from used diesel engine.

1.3.2 Investigate the distribution particles size of used lubricating oil and
filter of diesel engine by laser diffraction technique.

1.3.3 Investigate the wear scar and friction of fuel contamination from
synthetic lubricating oil (SAE O0w-30) by compare with blend biodiesel
fuel.

1.3.4 Investigate the wear particles size distribution of ball wear from
four ball test by laser diffraction technique.



1.4 Master Schedule

Table 1.1 Procedure Plan

Plan

1. Investigate the physical
and chemical of lubricatin
oil.

2. Investigate and studyin
the data including the
journal, literature review.
3. Sampling data of use
lubricating oil and filte
from diesel engine.

4. Analyze physical and
chemical properties of used|
[ubricating oil and filter.

2015 2016
clolsl=| 2lel=]| 2= o =] 2 Llelel ] a]l=
521521213(3| 218|212 8| E]2 5| 25| 2B

5. Design the experimentall
procedure of wear]
condition by using four
ball tester.

6.Investigate wear particles
size distribution from four
[ball test.

7. Analysis.

8. Thesis Writing and
reparing presentation for|
Eublishing and conference.

0. Thesis Defense.




CHAPTER 2
LITERATURE REVIEWS

2.1 Introduction

A lubricant is a substance used to facilitate relative motion of solid
bodies by minimising friction and wear between interacting surfaces.
Lubricants can be considered as constructional elements or engineering fluids
which have to be kept on the newest technological level because of the
continuous development of tribological systems. As a product group, lubricants
play an essential role in industry and transportation: without lubrication, there is
no transfer of energy. Reduction of friction and wear by use of lubricants
enables machinery to work without premature failure, results in energy savings
and controls emissions. Related functional fluids are used in applications where
their primary purpose is not just friction and wear reduction, although some
degree of lubricity may be required. Examples of such applications are
hydraulic fluids, electrical transformer fluids, heat transfer fluids and
metalworking coolants. Apart from high-volume applications such as engine,
gear and hydraulic fluids, there are thousands of other specifically tailored
lubricant or grease formulations that differ greatly in composition, both
chemically and physically.

Lubricants represent considerable economic and ecological importance.
Recently, in this context, saving resources and energy and reducing emissions
have become essential matters. Lubricants have a particularly important
contribution to make in relation to energy conservation, minimization of waste
and development of durable products. Correct lubricant selection can lead to
improvements in energy efficiency of up to 10%. Minimising wear by efficient
lubrication prolongs the useful life of machines, thereby decreasing the
consumption of non-renewable resources. Industrial production processes can
reach higher levels of efficiency and products can be made more atiractive
through the added value offered by lubricants. Truly green lubricants are those
that optimise energy efficiency and minimise wear in the machinery they
lubricate and have maximised service lifetimes in order to reduce the amount of
lubricant required [3]. Adoption of high performance lubricant technologies has
led to a significantly lower lubricant consumption.

Modern high-performing commercial lubricants are usually complex
materials composed of a lubricant base stock formulated with an additive



package for specific property enhancement of the resulting full lubricant
formulation. Traditional lubricant systems are highly diverse, ranging mainly
from common lube oils (non-aqueous liquids) to oil-in-water emulsions (e.g.
used in water-miscible cutting fluids), water-in-oil emulsions (as in metal-
forming), oil-in-oil emulsions (applied in metalworking), water-based solutions
(applied in chip-forming metalworking operations), greases and pastes, and
solid lubricants. Water is a truly green lubricant or lubricant component. Water-
based lubricants possess distinctive advantages over oil based lubricants (such
as environmental compatibility, biocompatibility, availability, cost
effectiveness). Their environmental compatibility makes them suitable for a
number of industrial applications, such as food processing or textile and
pharmaceutical manufacturing, where the use of oil-based lubricants can be
problematic due to contamination issues. For biomedical applications (such as
lubricious coatings for catheters) aqueous lubrication is particularly important,
since water is virtually the only acceptable base ubricant.

In this chapter, the reviewed papers will be presented the fundamental of
Friction, wear, lubrication, lubricant properties and source wear debris of
components in diesel engine, parameters that cause to lubricating oil breakdown
and reduce lifetime. Finally, In order to investigate the particle size distribution
of wear debris, influenced parameters were considered.

2.2 Friction and wear

Friction is the mechanical force which resists movement (dynamic or
kinetic friction) or hinders movement (static friction) between two sliding or
rolling surfaces in contact. These types of friction are also known as external
friction. The causes of external friction are the microscopic contact points
between the sliding surfaces. Depending on the application, friction may be
desirable or undesirable. For example, tyre traction and braking rely on the
beneficial effects of friction for their cffectiveness. On the other hand, in
applications such as operation of engines or equipment with bearings and gears,
friction is undesirable because it causes wear, generates heat and frequently
causes premature failure.

The energy expended in overcoming friction is dispersed as heat and is
essentially wasted. Waste heat is a major cause of excessive wear and
premature failure of equipment. Friction occurs essentially in two different
modes: sliding and rolling friction. The relationships between the frictional
force and the load or weight of the sliding object differ for dry, or unlubricated,



surfaces and lubricated surfaces. The coefficient of sliding friction is constant
but depends on the type of material [4]. Adhesion occurs at the contacting
points of surfaces and refers to the (cold) welding effect that occurs when two
bodies are compressed against each other under pressure. A shearing force is
required to separate cold welded surfaces. Reduced wear and heat effects may
be achieved by inserting a lower-viscosity (shear strength) material between
wearing surfaces that have a relatively high coefficient of friction. Any material
used to reduce friction in this way is a lubricant.

Much less force is required to roll an object than to slide or drag it.
Unlike the coefficient of sliding friction, the coefficient of rolling friction varies
with the rolling conditions. Rolling friction is very small compared with sliding
friction. Housed ball or roller bearings are examples of practical applications
which are subject to the laws of rolling friction. Roller bearings are the most
important machine elements. Wear is defined as progressive damage resulting
in material loss due to contact between adjacent working parts. Although some
wear may be expected during normal operation of equipment, excessive friction
causes premature wear, which translates into significant economic loss due to
equipment failure and downtime, and cost of spare parts. Friction and wear
generate wasted energy that is not renewable. Therefore, wear can be held
responsible for an overall loss in system efficiency. The effects of wear are
commonly detected by visual inspection of surfaces. Three types of surface
damage are: (i) damage in the form of structural changes, plastic deformation or
surface cracking, without exchange of material between the contacting parts;
(ii) damage with loss of material (wear); and (iii) damage with gain of material
(corrosion). Wear can result from abrasion, adhesion, fatigue or corrosion.

2.3 Lubrication

A tribological system consists of four elements: the contacting partners,
an interface with an enclosed medium (lubricant), and the environment.
Tribosystems are present in all mobile mechanisms, from automotive, industrial
and domestic to aerospace applications. In tribosystems, one material slides
against another or against itself. For each combination of materials and contact
configurations, the tribological variables include the type of movement, normal
applied load, sliding distance, speed and frequency, duration of the applied
stress, temperature (ambient and contact temperature), atmosphere, moisture,
lubricating. Tribometric parameters are friction, wear and temperature. Specific
devices, called tribometers, are used to measure friction and wear [5].



Because of its highly interdisciplinary nature, tribology requires efficient
cooperation between mechanical engineers, materials scientists, metallurgists,
chemists and chemical engineers, physicists, surface scientists, with
contributions of specialists in environmental protection and toxicology.

Tribosystems require adequate material selection, wear protection by
special coatings and surface engineering, lubrication and lubricants, modern test
equipment in laboratories and test fields. Scientific focus on lubrication
technology and lubricants is relatively new. Lubrication is critical for wear
protection of mechanical systems that should operate for extended periods of
time. Lubrication may also be used for other purposes, namely to

» reduce oxidation and prevent rust;

» reduce energy consumption;

» provide insulation in transformer applications;

» transmit mechanical power in hydraulic fluid power applications;
« Seal against dust, dirt, and water (flushing out contaminants).

A major goal of current tribological research is to find effective
Jubricants for reactive light alloys such as magnesium, aluminium and titanium,
which are of interest in the automotive industry in view of their lower densities
and the ability to form corrosion-protective surface layers. Molecular
interactions studied by nanotribology have impact on emerging uses in
microelectro mechanical systems as well as on traditional lubricant applications
in the automotive and industrial sector.

2.4 Physical and chemical properties

Effective lubricants, either bio-based or petroleum-based, must meet
several performance requirements. They should properly coat load-bearing
surfaces to protect against wear and corrosion, reduce friction and not
decompose under working conditions. Physical, chemical and film formation
properties of base fluids influence the formulated lubricant performance [6].
Under boundary conditions, the friction coefficient is essentially independent of
lubricant viscosity, and becomes dependent on the nature of the contacting
metal surfaces. Surface additives can be used to modify the surface chemistry



and reduce friction. A lubricant is vital for proper functioning of engines and
machines.

2.4.1 Viscosity

The ability to properly coat working surfaces is commonly quantified by
measurements of the viscosity and VI. The properties of a lubricant are further
determined by certain important characteristics such as compressibility,
stability, PP, cloud point (CP), fl ash point and acid value (AV) [7]. Viscosity
and VI are among the most important physical properties of any lubricant.
Viscosity mainly controls the hydrodynamic behaviour of lubricants. Viscosity
of an oil is essentially a measure of the oil resistance to shear. It is the friction
between lubricant molecules or internal resistance to flow. High viscosity
implies high resistance to flow. Viscosity varies inversely with temperature, is
also affected by pressure and, in some cases, by the shear rate. The viscosity—
pressure behaviour is described by the pressure-viscosity coefficient o, the
value of which reflects the rate of oil viscosity increase under increasing
pressure. Higher pressure enhances the load-carrying capacity of the oil. This
property enables use of thin oils to lubricate heavy machinery. Load-carrying
capacity also increases with the machine operating speed.

Viscosity is commonly measured as shear stress and shear rate, or as the
time required for an oil sample to flow through a standard orifice at a given
temperature. Viscosity measured directly by shear, referred to as the dynamic
viscosity 1, is expressed in centiPoise (1 ¢P = 1 mPa s). The oil industry usually
employs kinematic viscosity v (dynamic viscosity divided by oil density),
expressed in centiStokes (1 ¢St = 1 mm2/s), conventionally at 40 and 100 °C.
The kinematic viscosity values (at 40 °C) are at the basis of the ISO grades for
lubricating oils for industrial use. Viscosity as measured in time is expressed in
SUS at 100 °F and 210 °F. The effective viscosity of a lubricant in a bearing
may be different from the quoted viscosity measured by a standard test method,
and the difference depends on the shear rate in the bearing [8].

2.4.2 Viscosity index

VI is an arbitrary, dimensionless number which expresses the resistance
of a lubricant to viscosity change with temperature. It is therefore considered a
good indicator of the useful temperature range of a lubricant. Before the
emergence of synthetic oil, the Dean and Davis viscosity index, defined as a



function of Saybolt Universal viscosities of an oil at 100 °F and 210 °F, was on
a scale of 0 to 100 [9]. With the advent of synthetic oils and additives, the scale
now ranges from negative values to over 200 (super high VI), but VI still
remains as an indicator of quality.

Lubricating oil with high VI displays only small changes in viscosity
with temperature, which denotes stable viscosity. The higher its VI value, the
greater the resistance of a lubricant to thicken at low temperatures and thin out
at high temperatures. The VI of an oil is crucial in selecting a lubricant for a
given application. Lubricants with VI > 100 are often considered useful in many
applications. Failure to use an oil with the proper VI when temperature
extremes are expected may result in poor lubrication and equipment failure.
Knowledge of VI is particularly relevant in extreme climatic conditions. An
ideal lubricant for most purposes would possess the same viscosity at all
temperatures. All lubricants depart from this ideal, some more than others. For
example, lubricating oils derived from highly paraffinic crudes have higher VI
values than lubricating oils derived from highly naphthenic crudes. This
difference was used, in fact, to fi x the limits of 0 to 100 on the Dean and Davis
scale, these values having been assigned to poor naphthenic base oil and good
paraffin-base oil, respectively.

Molecules having a high VI typically consist of long alkyl chains, have
low aromatic content, no ethyl branching and no tertiary carbons. Bio-oils have
a better VI than mineral oil products, without the need to add shear sensitive
additives. The higher density of bio-oils also determines a higher dynamic to
kinematic viscosity ratio. Dynamic viscosity is important for lubrication.

2.4.3 Oxidation

Oxidation of lubricating oils depends on the temperature, amount of
oxygen contacting the oil, and the catalytic effects of metals. If the oil’s service
conditions are known, these three variables can be adjusted to provide a test that
closely represents actual service. However, oxidation in service is often an
extremely slow process, so the test may be time consuming. To shorten the test
time, the test temperature is usually raised and catalysts added to accelerate the
oxidation. Unfortunately, these measures tend to make the test a less reliable
indication of expected field performance. As a result, very few oxidation tests
have received wide acceptance, although a considerable number are used by
specific laboratories that have developed satisfactory correlations for them. One
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oxidation test that is widely used is ASTM D 943, Oxidation Characteristics of
Inhibited Steam-Turbine Oils.

This test is commonly known as TOST (turbine oil stability test). While
TOST is intended mainly for use on inhibited steam turbine oils, it has been
used for hydraulic and circulation oils, and for base oils for use in the
manufacture of turbine, hydraulic, and circulation oils. The test is operated at a
moderate temperature (95°C, 203°F). Iron and copper catalyst wires are

immersed in the oil sample, to which water is added. Oxygen is bubbled
through the sample at a prescribed rate [10].

The test is run either for a prescribed number of hours, after which the
neutralization number of the oil is determined, or until the neutralization
number reaches a value of 2.0. The result in the latter case is than reported as
the hours to a neutralization number of 2.0. Objections to ASTM D 943 are that
extremely long test times, often on the order of several thousand hours, are
required for stable oils, and that the only criterion is the neutralization number.

Severe sludging and deposits on the catalyst wires can occur with some
oils without excessive increase in the neutralization number. A modification of
the procedure, called procedure B, overcomes some of these latter objections by
requiring a determination of the sludge content [11].

2.4.4 Nitration

Nitration: The combustion chambers of engines provide one of the few
environments where there is sufficient heat and pressure to break the
atmospheric nitrogen molecule down to two atoms that can react with oxygen to
form nitrous oxides (INOx). This becomes a major problem for some engines,
especially EGR engines. When nitrogen oxide products enter the lube oil
through EGR and normal blow-by, they react with moisture present in the lube
and become very acidic and rapidly accelerate the oxidation rate of the oil.

The GCF Filter controls the effects of nitration in the same ways it
controls oxidation. By delivering cleaner oil to offer as a seal between the ring
and liner, blow-by of NOx is kept to a minimum. Also, the GCF Filter keeps the
oil chemically dry and prevents the mixing of NOx and moisture, which
controls NOx acid formation and accelerated oxidation of the oil [12].
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2.4.5 Total acid number (TAN)

The total acid number (TAN) of oil is synonymous with neutralization
number. The TAN of oil is the weight in milligrams of potassium hydroxide
required to neutralize one gram of oil and is a measure of all the materials in oil
that will react with potassium hydroxide under specified test conditions. The
usual major components of such materials are organic acids, soaps of heavy
metals, intermediate and advanced oxidation products, organic nitrates, nitro
compounds, and other compounds that may be present as additives. It is worth
mentioning that new and used oil can exhibit both TAN and TBN (total base
number) values.

Organic acids may form as a result of progressive oxidation of the oil,
and the heavy metal soaps result from reaction of these acids with metals.
Mineral acids (i.e., strong inorganic acids), if present in an oil sample, are
neutralized by potassium hydroxide and would, therefore, affect the TAN
determination. However, such acids are seldom present except in internal
combustion engines using high sulfur fuels or in cases of contamination [13].

2.4.6 Total base number (TBN)

The total base number of oil is the quantity of acid, expressed in terms of
the equivalent number of milligrams of potassium hydroxide, which is required
to neutralize all basic constituents present in one gram of oil. This test is
normally used with oils that contain alkaline, acid-neutralizing, additives. The
rate of consumption of these alkaline materials (TBN depletion) is an indication
of the projected serviceable life of the oil. With used oils, it indicates how much
acid-neutralizing additive remains in the oil. Typical oils of this nature include
diesel engine oils for internal combustion engines that use fuels containing acid-
producing constituents such as sulfur or chlorine. As long as any significant
amount of TBN remains in the oil, there should not be any strong acids present.
However, the nature of high alkaline and metallic antioxidant additives
sometimes allow for both TAN and TBN values to be obtained on the same
sample. This occurs for both new and used oils [14].
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2.5 Contamination

The diesel engine is receiving increasing attention as a power plant
because of its fuel efficiency and life advantages. Over seventy percent of the
trucks manufactured today use diesel engines. Major functions of lube oil
include cooling, friction reduction, and wear control. The lube oil develops a
lubricating film between moving surfaces, which reduces friction and wear.
However, the engine oil is a depository of impurities. These are in the form of
solid, liquid, and gaseous contaminants. If uncontrolled, these contaminants can
build up to excessive levels.

High levels of lubricant contamination cause wear of mechanical
components as well as break- down of the lube oil. The result is performance
degradation, reduced engine life, and short oil service life [15].

2.5.1 Types of contamination

Lubricant contaminants degrade the life and performance of diesel
engines. These contaminants fall into three categories

- Solid particles, including wear debris, which damage mechanical
components and catalyze lubricant breakdown.

- Liquid contaminants, including fuel and water, which hinder the proper
operation of the lubricant and its additives.

- Gaseous contaminants, including combustion products, which corrode
component surfaces and break down the oil.

The predominant types of diesel engine oil contaminants, along
with primary sources and major problems these impurities cause, are
listed in Table 2.1

Type Primary Sources Major Problems
. . . Abrasion, Fatigue and
Metallic Particles Engine Wear Lubricant Breakdown,
Engine Wear and Abrasion and Fatigue

Metal Oxides Corrosion Corrosion

Sand and Dust Combustion Blowby | Abrasion and Fatigue
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soot Combustion Blowby | Lubricant Breakdown
Exhaust Gases Combustion Blowby | Lubricant Breakdown
Fuel Combustion Blowby | Lubricant Breakdown

Water Combustion Blowby Corrosion and
Lubricant Breakdown

Combustion Blowby
Acids and Lubricant Corrosion
Breakdown

Table 2.1 Types of diesel engine oil contaminants, along with primary sources
and major problems

2.5.2 Ingression of lubricant contamination

Contamination enters the engine lube system by four routes: 1) built-in
from manufacture and assembly, 2) external ingression, 3) internal generation,
and 4) maintenance actions.

2.5.2.1 Built-in contamination

Diesel engine manufacturers take great care during the manufacture and
assembly processes to ensure high quality control. However, casting materials,
machining swarf, abrasives, polishing compounds, and even lint remain after
manufacture and overhaul. These built-in contaminants can rapidly damage
moving engine parts

2.5.2.2 External ingression

External ingression is a major source of hard particle contamination.
Airborne particles, in the form of sand, salt, and other minerals, enter through
the engine intake system and mix with the atomized fuel, which is compressed
and then burned. Since most of these particles have melting points considerably
above the temperatures reached in the diesel combustion process, they remain
hard abrasive solids. Airborne contamination has been shown to be the greatest
cause of ring-to-cylinder wear. The strong pressure shock wave created during
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combustion forces gases through the piston ring clearances. This process,
known as blowby, carries particles into the engine oil. Particles may also be
retained in the oil film. They are then wiped by the rings into the oil sump on
the next down stroke of the piston.

Exhaust gases are similarly driven into the lube oil as blowby gases.
These exhaust gases include unburned fuel, water, nitrous oxide, soot, and other
partially burned hydrocarbons. Higher levels of exhaust gas recirculation have
been shown to increase lube oil particulate contamination. New rules issued by
the Environmental Protection Agency requiring stricter nitrous oxide and
exhaust particulate controls take effect in 1988. Although new ceramic
combustion technologies are under development to reduce exhaust gas particles,
it is likely that these regulations will lead to higher percentages of exhaust gas
recirculation, resulting in further deterioration of oil properties [16].

2.5.2.3 Internal generation

Internal generation of contaminants is by wear of mechanical component
parts and by lubricant breakdown. Mechanical component wear from abrasion,
fatigue, adhesion, and corrosion releases harmful particles into the oil. The wear
debris is in the form of hard metal particles and of abrasive metal oxides. Wear
debris particles of sizes not controlled by standard filtration can build up to
grossly contaminate the lube oil.

Lubricant breakdown is the loss of important properties of the oil plus
accumulation of harmful materials derived from the oil. These materials include
acids, sludges, gels, and additive precipitates. These contaminants can wear
moving component parts as well as clog flow passages and heat exchange
surfaces.

If wear debris and materials from lubricant breakdown accumulate in the
oil, the result is more wear, generating more contaminants. The process of
particles wearing surfaces and generating new particles that in turn cause more
wear is known as the chain-reaction-of-wear.

2.5.2.4 Maintenance action

During maintenance activities contaminants are introduced into the
lubrication system. Opening rocker covers, the engine head, even the oil filler
cap allows entrance of dust and water. Simply making and breaking a fitting
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generates tens of thousands of damaging particles. In addition, new oil contains
contaminant particles.

2.5.3 Wear and contaminant particle size

There is an important relationship between the size of contaminant
particles and the thickness of dynamic lubricant films separating opposing
surfaces. Particles the size of and larger than the lubricant film thickness cause
wear of component surfaces. These particles bridge the gap maintained by the
oil film, making simultaneous contact with both surfaces. This focuses the force
between the surfaces, causing damage and resulting in component wear. An
extensive survey of the technical literature for oil film thicknesses in diesel
engine components is summarized in Table 2.2

Component Qil Film Thickness
Ring/Cylinder 0.3-7

Rod Bearings 0.5-20

Main Shaft Bearings 0.8-50
Turbocharger Bearings Piston 0.5-20

Pin Bushing 0.5-15
Valve 0-10

Train Gearing 0-1.5

Table 2.2 Diesel engine component oil film thicknesses

Most of these dynamic clearances are between 0 and 20 microns.
Contaminant particles the size of or larger than these dynamic clearances
produce a major portion of the wear experienced by diesel engine oil wetted
components. As a demonstration of the link between contaminant particle size
and oil film thickness, the results of a diesel engine wear are summarized in
Table 2.3 In this test contaminant particles in different size ranges were
evaluated for effect on engine wear. It was demonstrated that particles the size
of the dynamic oil clearances produced the most diesel engine wear. Even
contaminants containing large particles up to 80 microns did not cause as much
damage as did contaminants with particles concentrated in the 0 to 10 micron
size range.
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Dust Wear Rate(mg/hr) Wear
Size
(um) | Mains | Rod Rings | Total | Relative

0-5 | 119 | 144 | 284 | 547 3.3
5.10 | 16.1 | 200 | 236 | 597 3.64
0-80 | 62 | 5.1 | 145 | 288 1.76
1020 74 | 46 | 44 16.4 1.00

Table 2.3 Effect of contaminant size on wear

2.5.4 Soot

Soot production in diesel engine can happen because the internal
combustion engines produce soot as a result of incomplete fuel combustion.
Ideally, complete combustion in a cylinder would only produce carbon dioxide
and water, but no engine is completely efficient.

soot occur more in diesel engines Because of the way that fuel is injected
and ignited, soot formation occurs more commonly in diesel than in gasoline
engines. Unlike gasoline engines where the fuel/air mixture is ignited with a
spark, fuel and air entering the diesel cylinder ignite spontaneously from the
high pressure in the combustion chamber. The fuel and air mixture in diesel
engines typically do not mix as thoroughly as they do in gasoline engines. This
creates fuel-dense pockets that produce soot when ignited. While the majority
of soot easily escapes through the exhaust, some gets past the piston rings and
ends up in the oil. Factors that Cause Excessive Soot Levels in Crankcase Oil:

Periods of excessive idling

Worn piston rings

Injectors with poor fuel spray patterns
Rich air-fuel ratios

Clogged air filters decreasing the air supply, which increases the fuel-air
ratio and ultimately leads to increased soot formation
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Soot particles are 98 percent carbon by weight and typically spherical in
shape. While most are only around .03 microns in size, they often clump
together to form larger particles. Individual soot particles pose little risk to
engine parts, but clumps of soot can cause damage. Dispersant additives in
today’s engine oils keep the individual soot particles from forming damaging
clumps.

From the literature review Chokun Supanamok and his team investigated
“Impact of Soot in Engine Lubricating Oil on Metal Wear using Four-Ball
Testing” Soot particle contamination was simulated using carbon black (CB).
The candidate lubricants were two formulated engine lubricants for heavy duty
diesel engine which have the viscosity grade as SAE 15W-40 and also blended
with carbon black. Effects of oils with different additive on size distribution,
morphology, and nanostructure of particles were studied [17].

Transmission Electron Microscopy (TEM) was employed to study the
morphology and nanostructure parameters of carbon black particles and
agglomerated carbon black. The tribometer ball wear surfaces were analyzed by
Optical Microscopy (OM).

The Four-Ball testing is one of the tribological test methods. This test
method can be used to determine the relative wear preventive properties of
lubricating fluid in sliding contact under the prescribed test conditions. No
attempt has been made to correlate this test with balls in rolling contact As
Figure 2.1 the Four-Ball tribotest is a versatile test for evaluating seizure and
wear. The upper holder has one rotating steel ball, which is loaded against three
stationary lower steel balls.

All contact areas are drowned in the test lubricant. The load can be applied
by using deadweight or through a hydraulic system. The rotation is central
along the symmetry axis of both the upper and the lower holders. Circular wear
scars will appear on the lower balls, while a circular wear track will appear on

the upper ball.

077871
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Figure 2.1 Four-Ball tribotest schematic

Three 12.7 mm diameter steel balls are clamped together and covered
with the lubricating oil sample to be evaluated. A fourth 12.7 mm diameter steel
ball, referred to as the top ball, is pressed with a force of 392 N into the cavity
formed by the three clamped balls for three-point contact. The temperature of
the test sample is regulated at 75°C and then the top ball is rotated at 1200 rpm
for 60 min.

Lubricating oil samples are compared by using the average size of the scar
diameters worn on the three lower clamped balls and friction torque is also
measured. The wear scar results are observed by Optical Microscopy (OM).

After testing lubricant A on heavy duty diesel engine truck long lasting
30,000 km, the results have been shown on the graph in Figure 2.2 The graph
showed the amount of soot that concentrate in lubricating oil over the period of
route trip. For lubricant A, it grew up from 0.43 at first sampling (at 8,000 km)
to 0.47 %wt at the end of test (about 30,000 km).
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Figure 2.2 Soot contaminations in heavy duty diesel engine

The images shown in Figure 2.3 illustrate typical soot agglomerates from
commercial carbon black sample prepared using the ethanol solvent extraction
technique and put it on copper grid plate. The agglomerates have a branching
structure and typically fall in the size range 30-700 nm. Figure 2.3 consisted of
4 types of image which vary by the magnification of microscope. The most
rough one was captured the view of large soot or carbon black agglomerates
with a scale at 500 nm.
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Figure 2.3 TEM image at variation of magnification

286 primary carbon black particulates were measured and the result of all
measuring has been plot on bar chart as a histogram graph in Figure 2.4. An
average size is 58 nm. The minimum size and maximum size are 30 nm and 87
nm respectively with standard deviation of 11 nm.

The highest peak on histogram graph is at the rage of 51 - 55 nm in size.
As of dividing size range with standard deviation value, the major particles are
fallen in the size range 46 -70 nm which is accounted for 74% of 286 particulate
samples. Moreover, a number of smaller size and bigger size than major one are
14% and 12% respectively. This result differed from all reviewed literatures in
the introduction section. They all got the primary size of soot near to 30 nm
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which contradict to this result showing that major size is near to 58 nm. It could
be an effect from carbon black production process.
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Figure 2.4 Carbon black size distributions

Figure 2.5 shows the microscopy image of wear scars found on three
lower balls after 60 min running time in lubricant A without carbon black (on
left hand side) and lubricant A with carbon black (on right hand side). The
results showed that wear diameter of three metal balls in case of testing

With soot are larger than wear diameter of three balls without soot.
Similarly, wear diameter of three balls in lubricant B with soot are larger than
wear diameter of three balls without soot as shown in Fig. 6. Wear edge shape
of balls in lubricant A are quite smoother than shape of balls in lubricant B. The
average wear diameter of balls in case of testing in lubricant A is 786.3 microns
and in lubricant A with soot is 877.3 microns. In case of lubricant B, the
average of wear diameters are 723.5 and 790.6 microns for case without soot
and with soot respectively. Even though they are same viscosity grade, wear
shapes are a little bit different.

The conclusion carbon black was contaminated in two conventional SAE
15W-40 engine lubricating oils and tested in Four-Ball Tribotest for evaluate
wear behavior. The results showed that carbon black could lead to result in
increased wear diameter and made wider wear scar than pure SAE 15w-40.



Figure 2.5 Wear on metal balls tested in (a) lubricant A, (b) lubricant A with
carbon black

Figure 2.6 Wear on metal balls tested in (a) lubricant B, (b) lubricant B with
carbon black
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2.5.5 Fuel contamination

The revolution in industrialization throughout the world has boosted the
utilization of machinery and shifted the muscle power to machines. The use of
machines in various sectors has increased the demand of petroleum based
lubricants. Lubricants act as an antifriction media, facilitating smoother
working, reducing the risks of undesirable frequent failures and maintaining
reliable machine operations among different rotating parts of machines. Due to
the depleting of petroleum resources and environment concern, the demand of
non-edible vegetable oil based lubricants has increased as well.

Almran and his team investigated “Friction and Wear Characteristic of
Jatropha Oil Blended Lube Oil” The experiment has been conducted on
aluminium pins and cast iron disc which lubricated with Jatropha oil blended
bio-lubricant (JBL). To prepare the bio-lubricant, 0%, 20%, 30%, 40% and 50%
by volume of Jatropha oil were blended with lubricant SAE 40. In order to
understand the characteristics of lubricant, viscometer and multi oil analyser
tests have been conducted. It has been found that 10% of Jatropha oil bio-
lubricant gives lowest wear and creates less amounts of heat than others
samples, and with above 10% contamination, the wear and lubricating
temperature increases significantly [18].

Fig 2.7 show the curves of pins wear as a function of sliding time for
various Jatropha oil blended with lubricant SAE 40. The values of linear pin
wear under 2000 rpm and 30 N loads for each pin vary from 0.02 to 0.05 mm. It
was observed that the higher or maximum wear occurred in the beginning of the
experiment for some of the test specimens. It is clear from graph that maximum
wear occurred for JBL40 and for JBL10 wear is minimum.

We also can observe from the graphs that except JBL40, for each JBL,
pin wear decreases gradually and constantly. In the beginning of the test, we
can see the wear rate was fast in the period of time that is called the running-in
period. During this section, the asperities of the sliding surface are cut off and
the contact area of the sliding surface grows to an equilibrium size. We can see
from our daily life, that is why we need to service new cars after short period of
time running
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The graphs of different JBL curve are difference and decrease almost
steady throughout this state. It means that different JBL give difference rate of
wear to the specimens. Generally, the graphs may be divided into two groups
which is the first group is higher value of pin wear and the second group is
lower value of pins wear. It can be seen that JBL30, JBL 40 and JBL50 have
high value of wear while pure lubricant SAE 40, JBL10 and JBL20 have low
value of pin wear and their value are nearly with each other.
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Figure 2.7 Linear pin wear as a function of sliding time for various bio-
lubricants.

Fig.2.8 shows the curves of friction coefficient plotted against the sliding
time for various Jatropha oil based biolubricants. The results in fig. 4 depict that
the lubricant regimes that occurred during the experiment were the boundary
lubrication where the value of friction coefficient (i) for boundary lubricant is
in the range of 0.001 to 0.2 except for JBL50. For 0% of Jatropha oil based bio-
lubricants, it can be seen that the coefficient of friction is highest at the
beginning and then it falls down rapidly up to minimum value compared to all
samples. This phenomenon can be explained by attributing oxide layer on the
aluminium surface.
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These Lubricant additives react with oxide layer which causes to form a
thick tribo-film on aluminium surface. At the initial stage, the shear stress of the
tribo-film is high, thus, coefficient of friction is high at early time. With
continuing the sliding, the aluminium pin'is eroded and fresh metal surface is
exposed. Since fresh metal surface has lower tendency to react with lubricant
additives, the formation rate of tribo-film decreases than beginning. Therefore,
shear stress becomes lower than beginning and lower friction force is
experienced. As a result C.O.F decreases with increasing the sliding time.

The difference between the values of coefficient of friction is of Jatropha
oil based bio-lubricants and pure lubricant (except for JBL50) is very small
which ensures the apt of Jatropha oil based bio-lubricants as lubricant. The
JBL10 and JBL30 shows the same C.O.F which is almost 0.15 and JBL50
shows almost same C.O.F throughout the whole operation time which is 0.235.
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Figure 2.8 Coefficient of friction as a function of sliding time for various
bio-lubricants

The rate of wear for various percentage of Jatropha oil based bio-
lubricant was different. However, the rate of wear for 10% and 20% of Jatropha
oil based bio-lubricant are near to the pure lubricant SAE 40. In this
experiment, temperature of lubricating oil increases with sliding increasing time
for each percentage of Jatropha oil based bio-lubricant. However, JBLIO
showed significant performance as it generates less amount of heat compared to
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the other samples. In this experiment, it has been found that having lower wear
resistance bio-lubricant contains higher coefficient of friction.

M. Habibullah and his team investigate the effect of Jatropha oil doped
with lube oil on tribological characteristics of IP 239 standard using four ball
tribotester. The ball test material was EN31 steel, 12.7mm in diameter with a
surface finish of 0.1 micrometer center lime average (CLA). The test was
performed at temperature of 750c with different loads (15 kg and 40 kg) where
rotating speed was 1500 rpm and test duration of 3600s. The lube oil used for
this experiment was SAE 40 and contaminated with a various blends like 1%,
2%, 3%, 4%, 5%, of jatropha oil. The lubricants were characterized by viscosity
using viscometer [19].

Friction torque is the torque caused by the frictional force that occurs
when two objects in contact move. Fig. 2.9 and 2.10 shows the variation of
friction torque for different percentages of Jatropha oil at various load (15kg
and 40kg). Fig 2.9 depicts that J1 exerts highest friction torque while the J5 is
lowest at 15 kg load. It is also clear from Fig. 2.10 that the J1 bio-lubricant
shows maximum friction torque with compared to other bio-lubricants at 40 kg
load. The results from the graph can be attributed to the fact that the bio-
lubricants especially, JO and J1 has strong friction reducing additives as well as
ability to retain its property.
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Figure 2.9 Effect of 15kg load on frictional torque.
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Figure 2.10 Effect of 15kg load on frictional torque.

From the experiment the wear scar diameter (WSD) is more for 40 kg
load compared to 15 kg load. That means, at lower loads the WSD under
Jatropha contaminated lubricant (SAE 40) are lower, where at higher loads, the
WSD are higher and the results shows that the contaminations of lube oil at 1%
to 2% of Jatropha oil at 15kg load give higher WSD. While for 40kg load tested,
maximum value of WSD stated at 1% and 3% of Jatropha oil. But then, at 5%
of Jatropha oil, the value of WSD stated that it was the lowest. Which means
5% of Jatropha oil got the lesser scars and made it the best anti- wear.

The higher value of flash temperature parameter (ETP) clearly observed
when 5% of Jatropha oil was used. The 5% of Jatropha oil improves the
lubricant (SAE 40) performance, indicating less possibility of lubricant film
breakdown. From the observations on worn surfaces of these specimens, 5% of
Jatropha oil contaminated lube oil shows better anti-wear lubricant properties
than others. For the contamination of Jatropha oil with Iube oil, the highest
value of kinematic viscosity was stated for 5% at both two temperatures tested
(400c and 100°c).
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2.6 Particle Size Distribution

From the literatures, we have been found several size of contaminate
particle such as particle of soot, wear element, sand, dust and etc. Lihui Dong et
al. Effect of lubricating oil on the particle size distribution and total number
concentration in a diesel engine and the result found the peak of particle size
number distribution appears at around 75 nm to 100 nm when lubricated with
CI oil, while appears at around 87 nm to 115 nm when lubricated with CF oil.
The concentration of the highest peak when lubricated with CF is higher than
that with CI oil [20].

James A. Addison [16] investigated contamination of diesel lubricant. In
this test contaminant particles in different size ranges were evaluated for effect
on engine wear. It was demonstrated that particles the size of the dynamic oil
clearances produced the most diesel engine wear. There was various particles
size that appears in the experiment since 5-100 pum by wear between piston-ring
and cylinder range up to 30 pm in size and are work hardened.

Mridul Gautam et al [21]. Studied Effect of diesel soot contaminated oil
on engine wear investigation of novel oil formulations the result showed 0.2
0.5% of the fuel mass is emitted as small particles (approximately 0.1 mm in
diameter) which consist primarily of soot. Zhu et al [22]. He found that the
range of soot particle is 20-35 nm with a nearly normal distribution.

M.A. Fazal et al [23]. investigated friction and wear characteristics of
palm biodiesel. The result sizes of the particles removed from cavities of the
worn balls in B0-B50 are much bigger than 20 um cause by adhesive wear.

Hengzhou Wo et al [24]. investigated Morphology, composition, and
structure of carbon deposits from diesel and biodiesel oil/diesel blends on a
pimple type fuel injector nozzle the result found the carbonaceous deposition of
from the emulsified biomass oil/diesel blended fuel was greater than that of
diesel. The diameter of deposited carbon agglomerated particulates was
approximately 10-30 pm with diesel and 50 um with the mulsified biomass
oil/diesel blend.
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2.7 Biodiesel fuel

An alternative diesel fuel that is steadily gaining attention and
significance is biodiesel, which is defined as the monoalkyl esters of vegetable
oils and animal fats. Low blend levels of biodiesel can restore lubricity to
(ultra-)low-sulfur petroleum-derived diesel (petrodiesel) fuels, which have poor
lubricity. This feature has been discussed as a major technical advantage of
biodiesel. The lubricity of numerous fatty compounds was studied and
compared to that of hydrocarbon compounds found in petrodiesel. The effects
of blending compounds found in biodiesel on petrodiesel lubricity were also
studied.

Lubricity was determined using the high-frequency reciprocating rig
(HFRR) test. Dibenzothiophene, which is contained in nondesulfurized
petrodiesel, does not enhance petrodiesel lubricity. Fatty compounds possess
better lubricity than hydrocarbons, because of their polarity-imparting O atoms.
Neat free fatty acids, monoacylglycerols, and glycerol possess better lubricity
than neat esters, because of their free OH groups. Lubricity improves somewhat
with the chain length and the presence of double bonds. An order of oxygenated
moieties enhancing lubricity (COOH > CHO > OH > COOCH3 > CdO > C-O-
C) was obtained from studying various oxygenated C10 compounds. Results on
neat C3 compounds with OH, NH2, and SH groups show that oxygen enhances
lubricity more than nitrogen and sulfur.

Adding commercial biodiesel improves lubricity of low-sulfur petrodiesel
more than neat fatty esters, indicating that other biodiesel components cause
lubricity enhancement at low biodiesel blend levels. Adding glycerol to a neat
ester and then adding this mixture at low blend levels to low-lubricity
petrodiesel did not improve petrodiesel lubricity. However, adding polar
compounds such as free fatty acids or monoacylglycerols improves the lubricity
of low-level blends of esters in low-lubricity petrodiesel. Thus, some species
(free fatty acids, monoacylglycerols) considered contaminants resulting from
biodiesel production are responsible for the lubricity of low-level blends of
biodiesel in (ultra-)low-sulfur petrodiesel. Commercial biodiesel is required at a
level of 1%-2% in low-lubricity petrodiesel, which exceedsthe typical additive
level, to attain the lubricity-imparting additive level of biodiesel contaminants
in petrodiesel[25].



30

2.7.1 Biodiesel contamination in lubricating oil
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Figure 2.11 Wear scar of sample oils.

Kiatkong Suwannakij and his team [26] investigated biodiesel
contamination in engine lube oil by using e high frequency reciprocating rig
(HFRR) and Ball-on-Flat test. The results of HFRR showed in figure 2.11 that
the wear scar of biodiesel 20 decreased when increasing the percentage of
biodiesel in engine oil whereas diesel contamination resulted in the relatively
constant wear scar of Palm and waste cooking oil biodiesel showed the most
effect to reduce the wear, foliowed by Jatropha biodiesel. The WS 1.4 results
seem to be contrary to the expectation that blending biodiesel should increase
wear scar due to lower viscosity of biodiesel than engine oil.
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Figure 2.12 Weight loss of cylinder liner.
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The cylinder liner was measured by weight scale. The weight losses of
specimen which submerged under oil samples are shown in figure 2.12
Although the weight loss did not correlate with the percentage of fuels in
sample oil, biodiesel tended to reduce the wear on the cylinder liner when they
were blended with lubricant. The reduction of wear by adding biodiesel
corresponds with the HFRR results. Palm biodiesel showed superior effect than
those of Jatropha and waste cooking oil while diesel dilution increased wear.

The HFRR is the method to evaluate the sample oil lubricity, associated
with the boundary lubrication. This means that fresh biodiesel improves the
lubricity of oil dilution, because it contains more natural molecular species with
boundary lubricating properties than mineral oils.

In order to clarify the effect of different biodiesel feedstock on lubricity,
the compositions of biodiesel are required. Majority composition of palm
biodiesel is palmitic (C16:0) which is a saturated fatty acid whereas Jatropha
biodiesel composes of longer chain unsaturated oleic (C18:1) and linoleic acids
(C18:2). Depended on the original sources, waste cooking oil presents the same
composition as its source. Therefore, in this case for Thailand, palmitic (C16: 0)
should be the majority composition.

Referring to biodiesel composition, saturated fatty acids (palmitic) of
palm and waste cooking oil biodiesel seem to improve the lubricity of engine
oil for the current study. However, stated that unsaturated fatty acids and
extended chain length could enhance lubrication. Hence, Jatropha should
increase more lubricity. This discrepancy may be caused by the impurities in
biodiesel such as monoglycerid and free fatty acid.



CHAPTER 3

3.1 Sampling

In this research used synthetic SAE Ow-30 lubricating oil and oil filter
were kept from real 1.5 liter diesel engine with difference mileage between
2,000 km to 20,000 km and lubricating oil age between 2,000 km to 10,000 km,

Methodology

the specification of engine and lubricating oil will show following;

Table 3.1 Engine specification

Engine parameter Specification
Displacement volume 1,500 cc
Bore x Stroke 76.0 x 82.6 (mm)
Compression ratio 14.8
Maximum Power 105/4000 (hp/rpm)

Maximum Torque

280/1,500-2,500 (Nm/rpm)

Lubricant

SAE 0W-30

From table 3.1 Shows the specification of small diesel engine the
compression ratio of this engine is 14.8 by using synthetic SAE 0W-30 are
lubricating oil for lubricated system.
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Table 3.2 Lubricating oil SAE 0w-30 specification

Properties Specification
Viscosity @ 40°C, {(cSt) 44.5
Viscosity @ 100 °C, (cSt) 9.6
Viscosity Index 207
Oxidation, (Abs) 18.1
TBN, (mg KOH/g) 5.6

From Table 3.2 shows lubricating oil specification of synthetic SAE Ow-
30, viscosity is 44.5 ¢St at 40 °C and 9.6 ¢St at 100 °C and total base number
(TBN) is 5.6 Abs. These parameters will be decrease when the engine was used
and lubricant system of engine will contaminate by air, fuel also soot. In case
of oxidation and nitration will be increase.

Figure 3.1 Sample of used lubricating oil compare with new lubricating oil

Figure 3.1 shows distinction of both lubricating oil the left hand side
represent used lubricating oil and the right hand side represent new lubricating
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oil. The color of used lubricating rather dark than new oil because of
contamination of soot, fuel, water and chemical reaction.

Table 3.3 Mileage and Oils sample specification

Lubrlzz;r;i e011/car Mileage (ki) Lul;‘g:eg(imn% oil
1 1,980 1,980
2 3,975 3,975
3 6,275 6,275
4 8,468 8,468
5 9,993 9,993
6 11,237 11,237
7 19,046 9,362
8 19,500 9,800
S 19,613 9,448
10 19,779 9,811

From table 3 shows mileage and lubricating oil age of all samples. In the
car number 1 has minimum mileage and oil age as 1,980 km. If observations of
this mileage and oil age same data because the car number 1 is in run in process
that mean this car was drove 1,980 km and the 1* time for change oil age. The
car number 6 has maximum oil age and filters age but still in run in process like
car 1 to car 5. Car number 7 to number 10 are 2™ oil change there aren’t
difference in mileage and oil age in this group. The maximum mile age is
19,779 km as car number 10.
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3.2 Experimental procedures

3.2.1 Experimental procedures of used lubricating oil and oil filter

Lubricant system of diesel engine

I

Sampling
]
A 4
Used Lubricating Oil Qil Filters
> Chemical properties > Wear shape
-FTIR - 2D ,SEM, EDS
3 Physical properties »  Wear size
- Viscosity meter, Wear analysis
3 Contaminations
- FITR
- Wear shape
- Eemmography
¢ " Laser size
N[ Nednoby | distribution

Figure 3.2 Schematic diagram of methodology in used lubricating oil and filter

Figure 3.2 shows the schematic diagram of methodology in used
lubricating oil and filter which used in this research. There are two main tests
the first test is used lubricating oil characteristic. In this part consist of chemical
properties, physical properties, contamination and optical test. The second part
is oil filter in this part have been test with optical test.
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3.2.2 Experimental procedures of fuel contamination

Biodiesel fuel
Contamination

Four ball

Wear

SEM 3D

Figure 3.3 Schematic diagram of methodology in fuel contamination

Figure 3.3 shows the schematic diagram of methodology in fuel
contamination which used in this section research. There are two tests in this
section, the first test is physical properties and the second test is optical test.
The study of friction, wear, and lubrication is of enormous practical importance,
because the functioning of many mechanical, electromechanical, and biological
systems depends on the appropriate friction and wear values. In recent decades,
this field, termed tribology, has received increasing attention as it has become
evident that the wastage of resources resulting from high friction and wear is
greater than 6% of the gross national product.
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3.2.2.1 Equipment of used lubricating oil characteristic test

Figure 3.4 Fourier Transform-Infrared Spectroscopy (FTIR)

Figure 3.4 shows Fourier Transform-Infrared Spectroscopy (FTIR) by
Fourier Transform-Infrared Spectroscopy (FTIR) is an analytical technique
used to identify organic (and in some cases inorganic) materials. This technique
measures the absorption of infrared radiation by the sample material versus
wavelength. The infrared absorption bands identify molecular components and
structures. When a material is irradiated with infrared radiation, absorbed IR
radiation usually excites molecules into a higher vibrational state. The
wavelength of light absorbed by a particular molecule is a function of the
energy difference between the at-rest and excited vibrational states.

The wavelengths that are absorbed by the sample are characteristic of its
molecular structure. The FTIR spectrometer uses an interferometer to modulate
the wavelength from a broadband infrared source. A detector measures the
intensity of transmitted or reflected light as a function of its wavelength. The
signal obtained from the detector is an interferogram, which must be analyzed
with a computer using Fourier transforms to obtain a single-beam infrared
spectrum. The FTIR spectra are usually presented as plots of intensity versus
wavenumber (in cm-1). Wavenumber is the reciprocal of the wavelength. The
intensity can be plotted as the percentage of light transmittance or absorbance at
each wavenumber. This research used the FTIR for test oxidation, nitration,
total base number (TBN), percent of soot and fuel contaminate.
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Figure 3.5 Viscosity meter

Figure 3.5 Shows viscosity meter by viscosity is a principal parameter
when any flow measurements of fluids, such as liquids, semi-solids, gases and
even solids are made. Brookfield deals with liquids and semi-solids. Viscosity
measurements are made in conjunction with product quality and efficiency.
Anyone involved with flow characterization, in research or development,
quality control or fluid transfer, at one time or another gets involved with some
type of viscosity measurement. There are many different techniques for
measuring viscosity, each suitable to specific circumstances and materials. The
selection of the right viscometer from the scores of instruments available to
meet the need of any application is a difficult proposition.
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Figure 3.6 Wear analysis optical spectrometers

Figure 3.6 shows wear analysis optical spectrometers by the spectroil
M/C-W is a compact, rugged, transportable and easy to use optical specirometer
designed specifically for wear particle analysis, contaminants and additives in
lubricants, hydraulic fluids and coolants. They use the time-tested and reliable
rotating disc electrode (RDE) technique to measure quantities of dissolved and
suspended fine particles in natural or synthetic petroleum based products and
coolants. The spectroil family of oil analysis optical spectrometers consists of
the spectroil M/C-W for commercial oil analysis, the spectroil M/N-W for
military applications and the spectroil M/F-LD for gas turbine and diesel engine
fuel analysis. All versions of the spectroil M family are identical in hardware
and differ only in their application and the way they are calibrated.

The spectroil M/C-W has become the standard instrument at most
commercial oil analysis laboratories and machine condition monitoring
programs that require the rapid wear particle analysis, contaminants and
additives in lubricants. It fulfills the requirements of ASTM D6595 Standard
Method for determination of wear metals and contaminants in used lubricating
oil or hydraulic fluids by rotating disc electrode atomic emission spectrometry.
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Figure 3.7 The spectroil analytical ferrography

Figure 3.7 shows the ferrography analytical in this equipment is a very
useful and comprehensive analysis for trending and reporting. At a minimum,
the user can obtain an analytical means of monitoring the wear condition; and,
at the same time, accrue the necessary sample points required to establish a
wear particle concentration baseline and retain the presence of non-magnetic
particles for visual inspection and evaluation.

The advantage of ferrography over other preventive maintenance systems
is its capacity to detect a broader range of types and sizes (0.1-500 microns) of
wear particles. A micron is one millionth of a meter. Ferrographic analysis
encompasses wear (metallic and non-metallic), contaminant (crystals, water,
and organic and inorganic compounds), and lubricant (friction polymers)
monitoring. Typical wear problems identified by ferrography; gear teeth wear
through excessive load or speed, misalignments, fractures, rolling contact
failure, water in the oil or poor lubricant condition, oil additive depletion,
outside contaminants such as sand or dust, cam shaft and cylinder wall failure,
oil filter failure.
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Figure 3.8 Type and cause of wear

There are several type of wear that were generate from the engine, in
figure 3.8 shows type and cause of wear, industrial application of ferrography
entails the non-interruptive machine condition monitoring of heavily used
lubricated mechanical systems. Hence, an operational baseline can easily be
established by sampling every 50-500 hours of operation (approximately every
one to three months, depending on system criticality), and used for quantitative
trending analysis. Any anomalies in the wear particle concentration, especially
in the generation rate of large particles (>20 microns), is symptomatic of the
onset of failure. For consistent results and accurate trending, lubricant samples
are taken from the same places in the system each time. The method of sample
extraction assures that the lubricant samples contain a representative selection
of wear particles. The samples are then ferrographically analyzed both
quantitatively and qualitatively.
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3.2.2.2 Equipment of oil filters test

+

Figure 3.9 Scanning electron microscopy (SEM)

Figure 3.9 shows Scanning electron microscopy (SEM) is a method for
high-resolution imaging of surfaces. The SEM uses electrons for imaging, much
as a light microscope uses visible light. The advantages of SEM over light
microscopy include much higher magnification (>100,000X) and greater depth
of field up to 100 times that of light microscopy. Qualitative and quantitative
chemical analysis information is also obtained using an energy dispersive x-ray
spectrometer (EDX) with the SEM. The SEM generates a beam of incident
electrons in an electron column above the sample chamber.

The electrons are produced by a thermal emission source, such as a
heated tungsten filament, or by a field emission cathode. The energy of the
incident electrons can be as low as 100 ¢V or as high as 30 keV depending on
the evaluation objectives. The electrons are focused into a small beam by a
series ofelectromagnetic lenses in the SEM column. Scanning coils near the end
of ‘the column direct and position the focused beam onto the sample surface.
The electron beam is scanned in a raster pattern over the surface for imaging.
The beam can also be focused at a single point or scanned along a line for x-ray
analysis. The beam can be focused to a final probe diameter as small as about

10 A.
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Figure 3.10 Schematic diagram of CHNS element analyzers

Figure 3.10 CHNS elemental analysers provide a means for the rapid
determination of carbon, hydrogen, nitrogen and sulphur in organic matrices
and other types of materials. They are capable of handling a wide variety of
sample types, including solids, liquids, volatile and viscous samples, in the
fields of pharmaceuticals, polymers, chemicals, environment, food and energy.
The analyzers are often constructed in modular form such that they can be set
up in a number of different configurations to determine, for example, CHN,
CHNS, CNS or N depending on the application.



Figure 3.11 The laser diffraction granulometer and associated dispersion units

Figure 3.11 shows the laser diffraction granulometer and associated
dispersion units, laser diffraction technique. It is used in a wide range of
applications to give accurate measurement of particle size. The method is
usually applicable for a particle range from 0.1 to 2,000 um depending on the
setup of the system, A particle volume fraction from 0.001 to 1.0 vol.% can
normally be measured. The laser diffraction technique is based on Mie
scattering developed by Gustav Mie.

In order to solve for a spherical particle Mie assumed that the particle has
to be isotropic, in effect no difference in which direction the incident beam
strikes the particle. He also assumed that the waves of the incident light were of
constant frequency, constant amplitude and parallel.

The particle size distribution of all samples were performed with the laser
diffraction granulometer and associated dispersion units This laser diffraction
particle size analyzer is designed to measure particle sizes ranges from 0.02 to
2000 um by using a blue (488.0 pm wavelength LED) and red (633.8 um wave
length He-Ne laser) light dual-wavelength, single-lens detection system. The
light energy diffracted by the dilute suspension circulating through the cell is
measured by 52 sensors.
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3.2.2.3 Equipment and condition of fuel contamination test

Table 3.4 Percent of fuel contamination in four ball test

SAE 0W-30 98 % B7 2%
SAE 0W-30 98 % B20 2%
SAE 0W-30 98 % B50 2%
SAE 0W-30 98 % B1G0 2%

Table 3.4 shows percent of fuel contaminate with new lubricating oil by
in this section test were test in four ball tester to know in case of wear and
friction with fuel contamination issues on the rise and high pressure injection
systems becoming less tolerant of this contamination monitoring of fuel quality
has become an important effect to know when we decide to used biodiesel as

main fuel.

Figure 3.12 Four ball tester
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In this section have test with four balls to know, what is the effect of fucl
for tribology in case of wear and friction also the four ball tester was used in
this part shows conditions test;

Table 3.5 Condition test of four ball tester

Roal spd

Load 392N
Duration per load 60 min
Temperature 75°C

Figure 3.12 shows the four ball tester is an excellent development and
quality check instrument for developers and users of lubricants and additives.
The unique sample configuration of three bottom balls and one top ball makes a
very stable and a repeatable contact in-turn, allowing tests results to be very
repeatable.

The Four Ball Tester can be used to determine Wear Preventive
properties (WP), Extreme Pressure properties (EP) and friction behavior of
lubricants. The wide acceptance of test results of the four ball tester makes it an
excellent choice to benchmark products. It is a good choice for R&D due to its
relatively inexpensive samples and ability to produce quick and repeatable
results.

A rotating steel ball is pressed against three steel balls firmly held
together and immersed in lubricant under test. The test load, duration,
temperature and rotational speed are set in accordance with standard test
schedule. In Wear Preventive (WP) tests — also called Anti Wear (AW) tests —
the average scar diameter on the bottom three balls is reported.
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Figure 3.13 3D optical microscope

Figure 3.13 shows he 3D optical microscope for find the size of wear scar
that generate from four ball tester. 3D optical microscope has become a
versatile tool for measuring areal surface topography and texture in a wide
variety of industries. A key factor in the growth of industrial applications has
been hardware and software implementations that streamline and simplify its
use, particularly for technician-level users.

Quantitative 3-D surface metrology measuring surface topography as
well as the size and shape of niicroscopic surface features — is vital to many
industries. In applications including coated glossy paper, painted automobiles or
molded plastic parts, surface texture affects cosmetic appearance and, hence,
perceived value. But in many cases, such as with automobile engine
components, medical implants or high-brightness LEDs (HB-LEDs), the
surface topography can be absolutely critical to proper part functioning.
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CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 Physical properties of used lubricating oil

4.1.1Viscosity

Any changes in viscosity of the lubricating oil are undesirable in an
engine as it affects the lubrication effectiveness. Two major factors are mainly
responsible for lubricant oil viscosity changes, (i) formation of resinous
products because of oil oxidation, evaporation of lighter fractions, depletion of
anti-wear additives and contamination by insoluble compounds tend to increase
viscosity and (ii) moisture addition, fuel dilution and shearing of viscosity index
improvers tend to reduce the oil viscosity. The kinematic viscosity of lubricant
oil was evaluated at 40 °C and 100 °C. The decrease in viscosity was compared

with initial lubricating oil viscosity during the new period of engine operation.
The figure 4.1 and 4.2 show that the decrease trend of viscosity in used the
lubricating oil decreases. The average viscosity at 40°C is 36.68 centistokes and

average viscosity at 100 °C is 8.06 centistokes.

LECEELSFS LS

Mieage (km)

Figure 4.1 Impact of viscosity at 40°C on mileage and lubricating oil age
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Figure 4.2 Impact of viscosity at 100°C on mileage and lubricating oil age

4.1.2 Wear

Wear is a progressive loss of material over time. Although engine wear
often appears to be a local component-level issue, it needs to be considered in
the early stage of engine system design because the wear life time of the
component is closely related to system loading. For example, peak cylinder
pressure affects the wear life of the valve seat, the piston assembly and the
engine bearings.

The wear of engine components usually undergoes three stages: (1) a
running-in period where the rate of change is high; (2) a stabilized normal
running period where a steady rate of wear is maintained: and (3) a wear-out
failure period where a high rate of wear leads to rapid failures. Generally, there
are four common types of wear leads in the engine: abrasive wear, adhesive
wear, fatigue wear and corrosive.

The Figure 4.3 shows impact of wear on mileage and lubricating oil age
from the result when the mileage increase the wear will be increase because of

when the engine run many part of engine touch together. The highest wear is on
the sample 9 with 281.2 ppm, the average of this wear is 121.62 ppm.
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Figure 4.3 Impact of wear on mileage and lubricating oil age

4,1.2.1 Wear debris

Wear debris analysis is well-known in condition monitoring of
tribosystems. The conditions of machine operation are related to the process of
wear debris generation and finally to their morphology. Thus, classification of
debris in different morphological classes provides valuable information on the
current state of a tribosystem. Metallic wear debris are differentiated by their
morphology (shape, texture and color) into several classes, e.g. rubbing, cutting,
spherical, laminar, fatigue chunk and severe sliding wear particles. It has been
found that each type has its own generation mechanism involving a specific
wear process.

For instance, cutting wear particles are produced by the penetration,
plowing or cutting of mating bodies. The presence of severe sliding wear
particles in a machine usually indicates a lubrication problem, as a result of
lubricant film breakdown. Initially, the morphology of wear particles was
examined visually by a trained expert. Nowadays, advances in computers and
image recognition make automatic evaluation of the particle morphology
possible. It may be characterized by a set of numerical features, and then
appropriate classification methods can be used for wear particle identification.
There are numerous papers that have considered wear debris morphology
quantitatively is a good review), but practically all of them deal with problems
of shape and texture.
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Figure 4.4 Total metal wear

The figure 4.4 show total particle metal for earch sample highest metal
particle is in sample 9 in 281.2 ppm by over the average more than 2 times from
this graph the result shows when the mileage and lubricating oil age increase
the total metal and wear debrish increase form the cat sample 9 hace highest
metal particle. The one reason maybe is the wear debris in engine oil are
catalyze to in crease the wear particle in the disel engine.
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Figure 4.5 Wear element
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Wear debris in diesel engine, lubricating system wear particle was
washed and suspended in the lubricating oil. The analysis of the concentration
metallic particle in lubricating oil provides sufficient information and prediction
about the wear rate, element source and engine condition. The common metallic
components found in lubricating oil after the engine operation were iron (Fe),
copper (Cu), aluminum (Al) and lead (Pb). The Iron is the most element wear
that found in wear debris possibly caused by the wear of cylinder liner, piston
rings, valves, gears, shafts, bearing, rust and crankshaft from the experiment all
Iron element found in 61% by 743.8 ppm.

The concentration of Cu is depicted in the green color. There are 247.4
ppm by 20% of all wear debris. The most common sources of copper
concentration are bearing and bushing. Based on the wear debris analysis it was
observed that the highest level of copper concentration produced by diesel
engine.

Aluminum (Al). The Al concentration indicated piston wear or ingested
dust. The red color shows the Al concentration over the engine running time.
There is 120.3 ppm, 10% aluminum of all wear debris.

Ferrography is a technique for analyzing the particles present in fluids
that indicate mechanical wear. Ferrography provides Microscopic Examination
and Analysis of Debris (particles) found in lubricating oils. These particles
consist of metallic and non-metallic matter. The metallic particle is a wear
condition that separates different size and shapes of metallic dust from
components like all type of bearings, gears or coupling (if lubricated in path).
Non-metallic particle consists of dirt, sand or corroded metallic particle.
Analytical ferrography is among the most powerful diagnostic tools in oil
analysis in tribology.

When implemented correctly it provides a tremendous information on
machine under operation. Yet, it is frequently excluded from oil analysis
programs because of its comparatively high price and a general
misunderstanding of its value. Performance may be improved through proper
filtration of oil. Clean oil lubrication is always more effective. Adopting
approach of oil replacement is expensive. A rapid centrifuged and/ or magnetic
separator cleaning system helps cost cutting and disposal of used oil, as well.
Ferrography also helps improving filtration efficiency and frequency for oil
cleaning systems.



Figure 4.8 Wear debris in used lubricating oil
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The figure 4.6 shows the image from ferrogram it looked clear because
this figure no metal contamination from engine but in figure 4.7 shows the
normal rubbing wear the size around 5 pm to 20 um. This is a normal particle
the found in normal diesel engine generated.

In figure 4.8 show absnormal wear debris this figure from the car sample
9, not only wear metal was found in this sample but also found the long curl
strips in the middle position in this sample. The main cause of long curl strips
wear come from misaligment of soot contaminate.

Normal rubbing wear 65 0 ___
Fatigue bearing wear 20 £ a0
White Metal 5 A
Black Oxide 5 15
Dirt and Dust 5 Y

Table 4.1 Type and size of wear contaminate in used lubricating oil.

In used lubricating oil there are several wear type such as nomal rubbing
wear, fatique bearing wear, white metal, black oxide ,dirt and dust, the size of
wear shows in table 4. More than 50 percent of wear is normal rubbing wear
there are 65 percent in diesel engine which size 5 to 20 um. The percent of each
wear show in figure 4.9.



55

100
80
65 ®Percent %
E 60
40
20
20
N - -
o . | NEN 4 .
Normal rubbing  Fatique White metal  Black Oxide Dirt and Dust
wear baaring wear

Figure 4.9 Type of wear in used lubricating oil.

4.2 Chemical properties of used lubricating oil

4.2.1 Oxidation

The presence of oxidation residuals in oil is an increasing problem in
various oil systems. The problem is enhanced by the trend of down-sizing oil
reservoirs, increasing oil temperatures and prolonging oil change intervals. A
high temperature caused oil degradation instigates the formation of gasses in the
oil; a phenomenon utilized in the electrical power generation industry to trace
faults in oil filled power transformers. In transformers oil oxidation is caused by
the oxygen present in the oil. The surface of the paper-isolation material (thin
strips of cellulese wound around the copper cores) in a transformer are often
coated by a brownish substance, particularly in old transformers.

Figure 4.10 shows the impact of oxidation on mileage and lubricating oil
age, the result show that when the mileage and lubricating oil age increase the
oxidation rate increase when compare with the new oil we will see the
oxdidation rate 18.1 Abs in new oil because every mineral oil have hydrocabon
also they can easy to reac with oxygen with the air but the trend also increase
the one reason because mostly of oxidation come from the incomplete
combustion and leak to the lubricating oil between piston and combustion

chamber.
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Figure 4.10 Impact of oxidation on mileage and lubricating oil age.

4.2.2 Total base number (TBN)

Total Base Number (TBN) is one of the neutralization number
specifically used to measure the alkalinity reserve remaining in the lubricant. It
is an indication of lubricant’s ability to neutralize corrosive acids that formed
during the engine operation. Higher TBN value gives low concentration of free
acids of lubricating oil of oil samples. More ash content in lubricating oil will
obstruct engine oil filters, excessive fuel consumption and shortens the engine
life. Ash content of lubricating oil samples are measured as per ASTM D 482
standards. It is defined as the ratio of the mass of ash to the total mass of the

lubricating oil.

The figure 4.11 shows the impact of total base number on mileage and
lubricating oil age, in new lubricating oil the TBN is 5.6 mgKOH/g the total
base number decrease when mileage and lubricating age increase the average of
TBN of this experiment is 3.15 mgKOH/g the minimum TBN is in car sample 5

and number 9 respectively.
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Figure 4.11 Impact of oxidation on mileage and lubricating oil age.

4.3 Contamination in used lubricating oil

Diesel engine lubricant contamination is a major cause of engine
component wear, leading to loss of engine performance and life. In addition,
contamination accelerates breakdown of the engine lube oil, reducing its useful
service life. Contaminant particles the size of or larger than the dynamic
lubricant oil films separating moving component surfaces cause a major portion
of diesel engine wear. The size of these harmful particles is 20 microns and
smaller.

4.3.1 Soot

Internal combustion engines produce soot as a result of incomplete fuel
combustion. Ideally, complete combustion in a cylinder would only produce
carbon dioxide and water, but no engine is completely efficient. Soot occur
because of the way that fuel is injected and ignited, soot formation occurs more
commonly in diesel than in gasoline engines. The fuel and air mixture in diesel
engines typically do not mix as thoroughly as they do in gasoline engines. This
creates fuel-dense pockets that produce soot when ignited.

While the majority of soot easily escapes through the exhaust, some gets
past the piston rings and ends up in the oil. Form figure 4.12 shows the percent
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of soot contamination, when the mileage increase and the oil age increase the
amount of soot will be increase in new lubricating oil there is none of soot
contamination, the average of soot contamination is 0.69 % Weight. The
highest soot contaminate at the car number 9 by 1.01 % it’s is a lot of soot
contamination.
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Figure 4.12 Impact of soot on mileage and lubricating oil age.

In part of wear debris and wear contamination the sample number 9 is
highest metal wear debris that from the long curl strips was found in ferrogram.
In the section the soot contaminate in car sample 9 from filtergram was found a
lot of soot distribution in filtergram test. Filtergram technique is used to
detected non-metallic particle which consists dirt, sand or corroded metallic
particles as shown in figure 4.13 black points are distribution of soot appeared
in grean chart, their size varies between 0.1 pm, these contamination in
lubrication oil could be generated by combustion blow effect as discussed
earlier.

Figure 4.14 shows the soot distribution from car sample 9 when compare
filtergram test with each other car this car has the contamitation of soot and soot

distribution.
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Figure 4.13 Soot distribution in lubricating oil of car number 6.

Figure 4.14 Soot distribution in lubricating oil of car number 9.

4.3.2 Fuel

Detecting fuel contamination in engine oil by any method is difficult
because fuel and base oil differ in terms of molecular weight, boiling
temperature range, and aromatic compound content. The IR absorption method
enables the examination of the aromatic compounds in engine oil, and thereby,
the determination of fuel residue.

The difference in aromatic compound content between engine oil and
fuel reflects fuel residue. In this work, therefore, the spectra of the fresh engine
oil around 800 cm™ was taken as the baseline for detecting possible fuel
residue. The absorption intensity of the fresh engine oil was measured, and the
change in its absorption spectrum was determined as it was being diluted. The
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IR absorption value of each absorbance spectrum was derived for all the
collected samples and plotted for comparative analysis.

Figure 4.15 shows fuel contamination of all samples by the average of
fuel contamination in small diesel engine is 2 % it ineans this sample are
normal of fuel contamination, because if fuel contamination more than 5% the
engine have to overhaul. From the result show that when the mileage and
lubricating oil age increase percent of firel contamination will be increase.
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Figure 4.15 Impact of fuel contamination on mileage and lubricating oil age.

4.4 Oil filter

Oil does a number of important things in an engine. It helps cool the
engine by transferring heat; seals the gap between piston rings and cylinder
walls; absorbs contaminants; and suspends soot particles that are the residue of
combustion. Contaminants can be organic such as fungus and bacteria from the
air. Inorganic particles can be a host of things, including dust that is sucked into

the engine during running.

If left by it-self for very long the oil would become saturated with the
byproducts of combustion. It would carry minute, harsh particles that would
wear the oil pump's machined components as well as the bearing surfaces in the
engine. It always has done so, but in early engines the oil was changed so often
(due to burning and poor oil quality) that no filtration was required. Later on
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some manufacturers put mesh screens in the oil path to grab bigger particles but
this was not very effective.

The outside of the filter is a metal can with a sealing gasket that allows it
to be tightly held against the engine's mating surface. The base plate of the can
holds the gasket and is perforated with holes around the area just inside the
gasket. A central hole is threaded to mate with the oil filter assembly on the
engine block. Inside the cans is the filter material, most frequently made from
synthetic fiber. The engine's oil pump moves the oil directly to the filter, where
it enters from the holes in the perimeter of the base plate. '

Dirty oil is passed (pushed under pressure) through the filter media and
back through the central hole, where it re-enters the engine. Typically, filters
have two media types: primary and secondary. The primary media can stop
particles as small as 25-30 microns (human hair is 65-70 microns in size) and
the secondary media can stop particles as small as 5-10 microns. "Full flow"
filters onty utilize primary media.

Secondary media limits flow, so the use and placement of it is highly
restrictive in filters. Secondary media, when incorporated in a filter, operate in a
partial-flow way. Inside the filter a small portion (1-10%) of the oil is directed
through the secondary filter and the rest flows through the primary.

The longer a filter is on the car the more particles are suspended in the
media, until a point is reached where oil can't flow through it. A bypass valve is
incorporated in the engine's filter assembly to handle that situation, but once the
oil bypasses the filter no cleaning action takes place.

A few filter manufacturers are extolling the virtue of placing magnets in
the filters to trap metal particles. They claim that magnetic forces stabilize the
oil molecules; that the longer the magnetic field is in place the greater the
benefit; that fuel mileage is increased; oil consumption and emissions are
decreased; and engine power is increased. None of these claims are true and

several are impossible.
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4.4.1 2D optical microscope

Figure 4.17 Particle after clean in fiber

From the figure 4.16 and 4.17 show the particle was trapped in filter
whereas around 30-100 pm, there are from the oil filter and look like the
normal rubbing wear that showed in ferrography technique from previous part.
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4.4.2 Scanning electron microscope (SEM) and energy dispersive x-ray
spectrometer (EDS)

Figure 4.18 Particle in fiber of oil filter from SEM image

From figure 4.18 four type of particles from fiber in oil filter was found
their size around 1 to 100 um. The top left and bottom left look like particle of
metal they can rend in to the fiber. The top right and the bottom right look like
soot or carbon composite they cannot rend the fiber unlike the left picture.
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Figure 4.19 Agglomerate metal particles from EDS test (A)
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Spectrum 1
l@
W ATATAIN SN 3TN 1 df s
Full Scale 2198 cts Cursor 0000 keV]
e Elacton Image 1
Figure 4.21 Soot particles from EDS test (C)
Spectrum 1

|

D 1 2 3 4 5 6 7 8 9 10
Full Scale 2198 cts Cursor: 0.000 ke

Elecron image 1

s,
Figure 4.22 Carbon composite particles from EDS test (D)
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Figure 4.23 Element components in each particle

Scanning electron microscope showed wears debris, which has been
measured in range of 0.5 um to 100 pm and divided in to two main size groups.
Debris diameter ranges from 0.5 pm to 5 pm, shown in figure 4.20, were
measured using 1000X magnification scale while diameter ranges from 5 pm to
100 pm, shown in figure 4.19, were measured with 500X magnification scale.
Groups of metal wear debris were identified from energy dispersive X-ray
microanalysis, that consisting 039%, C37%, Fe 22% Cal.5% and K 0.37% by
weight. Figure 4.19 showed the largest group of wear debris, size is 80 pm the
following components were present, Fe 78.08 %. O 10.66%, Al 0.92%, Cr
0.77% and Si 0.37 % respectively.

From the constituent of element can observed, these group of wear debris
efficacy can be inserted and rend in to the fibers of filter. If a large number of
wear debris metal group are found in used lubricating oil that indicates
reduction in life of lubrication oil and which are very critical to cause abrasion
wear in the engine. Main cause of adhesive wear occurs when the boundary
layer of lubricant film between the asperities of two opposing surfaces is
displaced. However other wear debris was generated by the high pressure in the
combustion chamber, which is termed as combustion blow by. The wear debris
by combustion blow directly affect to cylinder liner and piston rings resulting
deterioration on sealing efficiency consequently, the deposition of soot in rings
due to incomplete combustion also reduces the sealing efficiency.

The second group of particles pack that showed in figure 4.21 and 4.22
shows, particle size distribution is very wide. Particles measuring 5 um to 20
um, identified by EDX contains two third of carbon and one third of oxygen.
As noticed from Figure 4.21, higher percentage of carbon in those nodular
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shapes suggests the presence of soot particles in tested lubricant. Additionally,
those flat shaped particles as shown in figure 4.22 consists of 79.32% of carbon
and 20.68% of oxygen, also seems like soot particles although the shape is
different. The variation in shape may be due to the variation in carbon and
oxygen percentages. The primary soot particles contains 98 percent carbon by
weight and typically spherical in shape. While most are only around 0.03 umin
size, they often clump together to form larger particles. Individual soot particles
pose little risk to engine parts, but clumps of soot can cause damage.

4.4.3 Particle distribution

To precision measure and identify the particle size distribution of
lubricating oils and oil filters from five samples, laser diffraction technique was
used for this experiment to detect size of particle. Figure 4.24 showed particles
which appear in lubricating oils and oil filters. In used lubricating oil, the
smallest size 0.1 pm and 23.3 um. Particle distribution size of oil filters from
five samples which size 1um to 100 pm were found. In figure 4.25 red line
represent the average size of particles that existing in lubricating oils from five
samples, the average of particles from lubricating oils is 2.7 um. There are 2
peak of this blue line, the highest peak was 3.16 um which 5.52 % and the
second peak is 0.68 pm. which 4.38%. From the size distribution that showed in
highest peak expected to be small wear debris group with reference to result
from SEM. The second peak expected to be soot that from filtergram technique
in figure 4.25 or even the small particle as second peak perhaps it could be
dust, sand, oxidation emulsion, water and fuel because these are many factors
which contaminate within the lubricating oils.

In figure 4.25, the red line represent particle distribution was emerged on
that sample the highest peak in 4.3 pm which 6.2% and the second peak 0.68
pm size which quantity is 3.5%. The blue colors showed particle distribution
size of filters from five samples, from graph 1um to 100 pm were found. Blue
line represent the average size of particles from five samples is 18.54 um. The
most 14.7 pm size appeared 6.94 % by volume. At the biggest size is 100 pm
appeared in 0.02 % within sample 4 in figure 4.24.
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Figure 4.24 Particle distribution size of used lubricating oil and oil filter all
samples.

From the result image from SEM can establish absolutely confident by
these large particles are group of metal wear debris. Lubricating oil
contamination causes wear debris which generates more contamination. This
process is the chain reaction of-wear. This proceeds by internal wear generating
fresh wear debris; by internal wear opening dynamic sealing surfaces, allowing
contaminant ingression from the environment, and by lubricating oil breakdown
generating varnishes, sludge, decrease oil life and increase worse chemical
reaction with in oil.

In Figure 4.25 the red line represent the average particle distribution size
of five sample their average size is 2.7 um. Dashed red line represents
cumulative frequency of particles size of lubricating oils, show that since 0.1
pum until 1pm size was found in 36% by volume and since 1 pm to 10um is
62% by volume this indicate that the mostly size of particle distribution in the
lubricating oil is 1 to 10 pm. The second part is particle size distribution in
filters, blue line represents the average particle distribution size of five sample
their average size is 18.54 pm. Dashed blue line represent cumulative frequency
of particles size of filters, 1 pm to 10um size is 38% by volume and 10 pm to
100 pm size was found within 62% mean that mostly particle size in filter is 10
pm to 100 pm.
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Average particle size of oil and filter
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Figure 4.25 Average particle size in used lubricating oil and oil filters.

Figure 4.25 the intersection of red line and blue line indicates that filter
can capture particle larger than 1 um, however filtration efficiency of filter
appears better for particles lager than 4 pm. The trend of red line suggests
particles size of used lubricating oil start to decrease after 4 pm.
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Total particle size distribution in lubricant system
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Figure 4.26 Size of particle from lubricating system of diesel engine.

Figure 4.26 red line represents total particle distribution size of all
samples and type of particle that found from SEM and ferrography technique,
that means, in the lubricant system of these five sample can generated particle
size from 0.1 pm to 100 pm there are different distribution size around
thousand times, by the most size of particle of this lubricant system can

generate is between 4 pm to 6 pm.

Particle less than 0.1 pm is soot PM 10. Particle more than 0.1 pm is soot
that generated from incomplete combustion and leak in to the lubricating oil by
combustion blow by process. Particle between 1-5 pm is metal wear debris to
make sure from the result of SEM. Particle size 5-40 pm from ferrrogram and
filtergram method can identify difference wear such as normal rubbing wear,
fatigue bearing wear, white metal, black oxide and dust. The biggest particle
was found whereas 100 pm in filter this particle is metal wear in SEM.
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4.5 Biodiesel fuel contamination

Table 4.2 Palm biodiesel specification.

Diesel (B0) 3.22 85.99 14.01 0
Commercial 3.26 85.39 13.91 0.65
diesel (B7)

B20 3.42 83.59 13.61 26
B50 3.784 80 13.01 6.5
B100 4.53 77 12 . 11
SAE 0w-30 44.5 95 5 | 0

Biodiesel has a major advantage over petroleum diesel, since, it is
derived from renewable sources it is a clean burning fuel that does not
contribute to the increase of carbon dioxide, being environmentally friendly
Biodiesel is an oxygenate, sulfur-free and biodegradable fuel. and its content of
oxygen helps improve its combustion efficiency Therefore, fewer greenhouse
gases such as carbon dioxide are released into the atmosphere.

Biodiesel has positive performance attributes such as increased cetane,
high fuel lubricity, and high oxygen content Since, biodiesel is more lubricating
than diesel fuel, it increases engine life and it can be used to replace sulfur, a
lubricating agent, that when burned, produces sulfur oxide: the primary
component in acid rain.

Palm biodiesel is an oleaginous tropical plant, has the highest oil
productivity per unit of land on earth. In terms of its usage, palm oil has various
uses as a food, (oils, margarines, bread, mayonnaise, feeds, ice cream, cookies
etc.), in industry (soap, lubricants, detergents, plastics, cosmetics, rubber etc.),
in steel making, the textile industry, pharmacology etc.
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Table 4.2 shows palm biodiesel specification of this experiment, from
table there not only viscosity of biodiesel B100 has highest but also amount of
oxygen is in biodiesel 100 on the other hand in diesel fuel is none of oxygen
component and lowest viscosity.

4.5.1 Four ball tester

The Four-Ball testing is one of the tribological test methods. This test
method can be used to determine the relative wear preventive properties of
lubricating fluid in sliding contact under the prescribed test conditions. No
attempt has been made to correlate this test with balls in rolling contact.
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Figure 4.27 Impact of biodiesel fuel contamination to friction torque.

Figure 4.27 shows impact of biodiesel fuel contamination to friction
torque the highest friction torque is 7.37 N.mm which in B1002%, minimum
friction torque is 6.32 N.mm in pure lubricating oil Ow-30.In biodiesel B7-2%
has average wear scar higher than pure lubricating oil and B20-2% but less than
B50-2% and B100 2%.
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Figure 4.28 Impact of biodiesel fuel contamination to wear scar.

Figure 4.28 shows Impact of biodiesel fuel contamination to wear scar,
from both figure, In B100-2% has highest wear scar by wear scar form B100-
2% is 615.45um by lowest wear scar is on pure lubricating oil.

Both result of average wear scar and friction torque, there are interesting
in B20-2% because they made lower friction and wear scar than another % of

biodiesel fuel contamination.

4.5.2 3D optical microscope

Figure 4.29 Deep scars in each sample from 3D microscope.
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Figure 4.30 Average deep scars in each sample from 3D microscope.

Figure 4.30 show the average and maximum value of deep scar of steel
ball after test from four ball tester, the results show that biodiesel B100-2% not
only has highest average deep wear scar but also has highest maximum deep
scar on the other hand the lowest deep scar and their average value is on pure
lubricating oil at 2.86 and 0.89 pm respectively. There are interesting in
Biodiesel B20-2% because it’s has average wear scar lower than biodiesel B7-
2%, B50-2% and also B100-2%.

4.5.3 Biodiesel fuel model blend with lubricating oil
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Figure 4.31 Typical diesel molecules.
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Figure 4.32 Typical biodiesel molecules.
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Figure 4.33 Model of biodiesel fuel blend with lubricating oil.

From interesting result of friction torque and wear scar of biodiesel fuel
contamination, when compare all of fuel contamination percent of biodiesel
B20-2 %, built minimum wear scar. The main reason of this result because the
typical diesel molecules difference from typical biodiesel molecules in biodiesel
the structure of molecule including with oxygen that showed in figure 4.31 and

4.32.

By the way viscosity and percent of oxygen in biodiesel, viscosity
whereas biodiesel B100-2% is 3.78 that showed in table 4.2 on the other the
hand the amount of oxygen in B100-2% is highest pereent.

Although B100-2% has highest viscosity but B100-2% also have percent
molecule of oxygen in structure of fuel. The effect of oxygen of this experiment
not only can generate the oxidation reaction in lubricating oil and reduce life
time of them but also cause to reduce the structural strength of lubricating oil so
if we observe from the figure 4.33 when percent of biodiesel increase the
viscosity will be increase when compare only blend fuel but that mean percent
of oxygen also increase so after blend biodiesel fuel with lubricating oil amount
of oxygen will be increase follow percent of biodiesel.
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4.5.4 Wear scar from SEM image

Figure 4.34 Wear scar in each blend biodiesel fuel of steel ball from SEM
images with magnificent 150 times.

From figure 4.34 shows wear of steel ball form four ball tribotester in
case of pure lubricating oil if we compare with another steel balls, we can
obvious but it quietly smooth. When we compare wear scar steel ball
contamination with biodiesel fuel, most slick wear scar whereas B20-2%. The
most clearly wear scar are in steel ball B100-2% there are not only generated
abrasive wear but also generated fatigue wear.



76

4.5.4.1 Abrasive wear

Load Material Transfer or
Particle Fprmation

Figure 4.36 Abrasive wear on ball steel B100-2% from SEM with magnificent
500 times.

The cause of abrasive wear Particles enter the clearance space between a
component's two moving surfaces, bury themselves in one of the surfaces, and
act like cutting tools to remove material from the opposing surface. The particle
sizes causing the most damage are those equal to and slightly larger than the
clearance space.
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4.5.4.2 Fatigue wear
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Figure 4.37 Mechanism of fatigue wear.

Figure 4.38 Fatigue wear on ball steel B100-2% from SEM with magnificent
1,500 times.

Main cause of fatigue wear fatigue wear of a material is caused by a
cycling loading during friction. Fatigue occurs if the applied load is higher than
the fatigue strength of the material. Fatigue cracks start at the material surface
and spread to the subsurface regions. The cracks may connect to each other
resulting in separation and delamination of the material pieces. Figure 4.38 the
black spall represent fatigue wear of the ball steel.
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CHAPTER 5
CONCLUSIONS

This research has been performed by collecting the used lubricating oil

and used filters in normally operated engines. The first part study has been done
based on physical and chemiical properties of obtained lubficants. However, the
driving manner is not included, which also effects on engine wear. The physical
and chemical properties of the lubricant have quite significant relation to cause
wear to the internal combustion engine. After complétion this experimental
analysis, the following conclusion can be drawn.

5.1.

5.2

5.3.

5.4.

5.5.

The wear condition results obtained during this experiment shows; iron,
copper and aluminium are the major wear components in comparison to
other components. This may be due to most of dynamic components are
made of iron, copper and aluminium.

The data from oil condition analysis shows, degradation of viscosity is
the major issue for all tested sample with compared to other properties
and it degrades with longer use of lubricant. However, oxidation value
not in similar pattern with increased engine age and oil age because its
completed chemical features.

The analysis of contamination in lubricant has been made to compare
presence of soot in both lubricant groups. The result showed that higher
percentage of soot with longer use of lubricant. It illustrates that the soot
produced in diesel combustion is washed away with lubricant causing
degradation to the lubricating efficiency.

From used lubricating oil the chemical and physical properties decrease
when the mileage and lubricating oil age increase such as the increasing
of oxidation rate and particle of wear debris.

From used oil there are in the range of 0.1 - 23 um of particle the found
in used oil by around 0.1-1 pm is soot and the size more than around 1

um is metal wear debris.
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5.7.

5.8.
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From oil filter there are in the range of 3-50 pm of particle the found in
SEM image by round 3 um is soot and the size more than around 10 pm
is metal wear debris.

From laser distribution technique there are in the range of 0.1- 100 pm by

there are 2 peak of result the first peak is soot in the range 0.1 - 1 pm and
the second peak is metal wear debris in the range 1 - 100 pm.

If we can completely make size of oil filter within 0.1 - 10 pm that effect
to engine wears will be reducing.

The second past is the result from four ball tribotester, 3D optical

microscope and images from scanning electron microscope by investigated of
biodiesel fuel contamination by blend with new lubricating oil SAE Ow-30.
After completion this experimental analysis, the following conclusion can be
drawn.

5.9.

5.10.

5.11.

5.12.

Fuel contamination of diesel fuel and biodiesel affect to friction and wear
scars of the ball by the highest wear scar and friction whereas biodiesel
100-2% and minimum friction and wear scar whereas pure lubricating
oil SAE 0w-30.

Palm biodiesel B20-2% contamination shows the positive effects on wear
and friction in which lubricity increases when compare with B7-2%,
B50-2% and B100-2%.

The oxygen in biodiesel affects to increase wear and friction, by in this
experiment whereas B100 has not only highest percent of oxygen but
also friction and wear scar.

The four ball is the method to evaluate the sample oil lubricity,
associated with the boundary lubrication. The result show biodiesel B20-
2% improves the lubricity of oil contamination than B7-2% B50-2% and
B100-2%, because it has viscosity than B7-2% on the other hand it has
less percent of oxygen than B50-2% and B100-2%.
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Abcaraes
Lubrication is one of the most imporhnt parameter of miernal combustion sngine which plays a vital rols o

prevent engine debeioration. This ressarch investizated phizical xnd chemical propexties of inhricants asad in diesal
engines. The cbjective of this resemch &5 to messure and compare the condition of uwed labricaats based on its
propecties. In iy wak, several szxmples of wsad labuicrnts have ben taken from two difSiwent sogine types,
maoely: engine A proup and engine B mroup. All samples were chotmn 50 wisely to vary ages of cil In total seven
sxpples were fom engine A group and five smEmples flom engine B growp. The physical aod chemical properties of
sxzples were acalysed wsing respective ASTM standard methad. To visualize the obtxined resalts, it has been
Potted iz to the gaphs and charts. The result shows wear condition of the lbrirants has mixed effect Wea
condition of total metal hay beem found to be higher when there is higher cxidstion in hobwiczet. Similarly lowering
in viveosity of lnbricant has been obserced with increase in engine operation time causing more wear. Moreover it
is abo ohomved that wear condition getting worsen with kigh engine speed. It can ba noted that physical and
chemica] propeties of lebaicact are sizaificantly interrelzted o wach other.

Kaywords: Lubricant, Wear condition, Contzminztion.

contact pressure and terperature, cxn lead 1o adbesive
<D — i3 worst cases — result In compotant frilure. An
option to solve this problem in these critical
trbological contacts tx desel injection xystems is the
mpplication of coxtings, which reduce wear xad 2 the
syvim [5}

Major fanctions of hibe oil inclnde cooling,
which reduces Biction and wesr. However, the engine
oﬂnadwomyofm'fhlummh&m
of solid, liguid, and gaweons coohmimants. If
mccotrolled, these contrponas can bumld wp to
excessive  bwvels. High Jevels of  Inbricamt
contmmination cause wesr of mechonicz] components
23 well 23 teeakdown of the lnbe ofl The re=ult is
pafoomance deprachtion, reduced engine Life, amd
shact oll service hife [6-8].

In this research, the compatative stacy of physical
and chemmical properties has been dome for twelve
diffewnt sample: tken from two engime prowps
Different aged lnlncsst szogple were chosen to see tha

prasent of total metal particke like fron, aloedmom,
copper, cdwomium, of condition evaluates the

jen Hie viscosity, axidation, md o
measures presence of soot

2. Materisl and Aethods

In this research, tuelve different types of ued
Inbricapnt have been taken from two engine groups,
nxoely group A aod groap B. The detzd] of engine
specification of each engine proup is shown in Table. 1.
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Table. 1 Enpine specification
Engine parametsr A Grevp B Grewp
1. Diisplacement L®% e 2,000 cc
2. Compudmnds | 148 163
1654000 134R000
3. Mextoxn Power (apirpm) (o)
Z30/1,500-2,500 | 33011750~
4. Mixxderwga Torgoe Mg 2750
5, Bagioe o SAE OW-30 SAE 5W-30
Seven Iobricat wre taken from growp A ar

where five saples goop B car. Those samplea
weps 2amed a3 Al © A7 for groop A car and B to B3
for groop B. The detz] of engine age and hubricant age
fix each sample is chown m T belowr. Those

ndd!i‘nmdumhmi&n}he, d

A2, A3, Ad = B baven't changed their engine oil
ence Be el stagted fo driven.
Table. 2 Age of tested lobricont smple
Lubsicanticar meage | Lobncant
SN sl % zze (om)
1. Al 1980 1980
2. A2 6275 6275
3. A3 9993 9993
[N Ad L2371 11,237
3 AS 19046 9,362
6 AS 19,500 9,800
T A7 19,779 B A0
[ Bl 349 349
9. Bl 30597 20014
10. B3 478527 16,383
11. B4 T2.180 12914
12 BS 106921 23 878
Theoe were tested in shndand Iab to measre
individmal and chemical properties To

standurd used and the messred properties are shown
in Table. 3 below.

Table. 3 Testproperties and methods

! Testing Unit
| properties slopdsrd

ASTM

ASTM

BEXII

e
Alrmtwren
| Coppm |
wwmmmsm
Tin
Wicksl
Laad
Vistonty
Oxidniion
Soct

2 2

BEM1IM

The 6® TSME keersaricnal Confrence oa Meckenicsl Enginsering
16-18 Dacembaer 2015

" £ "
4 Rl ol

in masnfackying of major engins components.

Niwed SM Fotal Biluen Dluppe Bl i

N iy O e z .

r1 a a~ Fu .3 L) A £ [ -] L] [ '] -
Cwr
Fig. 1 Totl metal wear o lobrication sample

T‘Jﬁrdxmhmmem&x Awmd
gop The comparisan has been with
reference to car age and oil age respectively. The result
shows higher of wear paticles for sample with
shorter cxr age. Conversely it can be noled that longer
However, two cars from group B shows high ramber
of wear particles although the car aga is longer, With
the evailshle duta oy, it is hand t point oot reasxm
behind higher macher particles in oertain sample with
knger cr age wxl shotey o age  Howewer,
theoretically it 1s obvions 0 see higher number of wear
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Eﬁdﬂhlﬁmﬂhm&dwhm—hm

rnm 1001

)
Fig 2 Total wess metal in Sebxicant
(2) Grap A, (2) Group B
32 0@ Condition
Oll condition amalysis is a that fovotves a
szmple of Labricants oil, virgn of wed, It

properties ey viscosity, Toil Base Nomber,

excesHive wen.
“Fig. 3 shows the viscosity of all nbricnt
comparing wih its engine age vs o age It
cm m&zﬂﬂ.ﬂntmegmdiaﬂywﬁ
Joager wee of oil. Although in spite of having large
diftirence in oll ags, there is 1ot 50 pyoch variation i

The 6* TSME Bvrpstions) Cooferesce on Meckamical Engineesing %\
16-18 Deceszber 2015 W

NS B nearing Tethety s

0 = MW s F A u e

o)
Fig 3 Viscosity of hiwicant samples
(a} Growp A, () Grosp B
322 Ozidation
Oxidafitn is a comple primery chemical
degradation i the base oil. It can be defined as
the ica] breakdown of the bese oil molecales with
oxygen ¥ Rapent where the primciple souce of
is o At lower {p to sbout 150
% the patiern of oxidation reactivhs mxy differ
nhhm-‘lrl?' from thosa at hish tesmperztrres(10].
“Fig 4" represents the axidution vzlves chserved
fiox all Inbricant saples. For groop A it can be cleatly
langer oil 2gs and car age. However the trend i not
clesr in case of grovp B bboicants. As stated shove,
oxidation is a congplex properties which is not affectsd

of oxygen In joa process may also plays a
great role to mcrease its vahe higher
cxdation valoe is not | fox better lnbrication.
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16-18 Dacember 2015 M/

- . P 4
L] mRer MU M 1M we g

Gﬂ'hv-(lﬂ)gb) ) Mn ey m‘::;hw e e
Fig. 42 Effect oo Oxidztion valoe of lobricants with )
engioe age and of age (2) Grovp A, (b) Grop B F@SM{W{:@%M
33 Centamimation
: “Fiz. 5(2)" shows the level of soot measured from
Diezsl Jobyicant contamiraion is a major all Hﬁuﬂl des fx A and has been
cxme of engihe component o)loet vl mdhmofmgimgfa;pmdoﬂ:pnmbe

&
é
i
a
|
H
g
I
]

331 Seot
Iﬂumlcwﬂnshm:gms;mdmso«asa 4. Conclasion
result of incorplete comimstion.  Ideally, .
ooaplete combastion in a cylinder wondd caly produce the mg‘mw ijﬁ
m&m:ﬂm,htmmum:ﬁy has been done based o m
efficient. Soct occre becanse of the way that fise] 13 stdy b of obtzined kobricants. the
tmected ad ipnited, soot formation oocurs more [operties ants. However, the driving
commanly in desel tan io gasoline The foel wasmer is not included, which also effects on engina
o i waxtore in dieel engines typically domotmix it The pliysical 1nd cheascal properties of fhe
a5 thoroughly as they do i engines. This e m“@ﬁm."‘mm
crestes foelders pockets fbat prodace mot when o D° PSS SRberton e, A conpeien
Wiile the mejorty of soct easly escapes anbe
the exhas?, same gets past e piston rgs 1. The wear condition resukts cbtained
edendsipinteall (12} s experiment shows, iron, copper
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The 6* TSME Isterzaticpal Coufirence cn Mechmical Engineeriag
16-18 December 2015 A

hadwicants. [t mmxy be dxn 1o the diffarance in
compression ratio, displacement volmne,

3. Tha dxia from ol comdition amalysis shows,
degradation of viscosity is the major ssee B
all msted samply with comgpored to ofher
roperties and it degrades with longer wse of
Iabricant, However, oxidation valee 2ot in
il age becamse ity compled chermical featwre.

4. The amalysis of contamination ia bricant has
been made to compire presence of soot in
both Isbricant growps. The yesalt showed fhad
bigher pescantage of soct with bonger wse of
Iabricont. It ilasiates that d» seol prodoced
n diewl combastion = washed xxay with
Jubricamt cansicy depradation %o the labrating
efficimcy.
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An Investigation on Particle Size Distribution in Used Lubricating Oils and
Filters of Diesel Engine by Laser Diffraction Technique

Phiranat Khamsrisnk ®  Preechar Karin ® Kobsak Sriprapha % Katsunori Hanamura ¥

Awtonoty Teternotional s Institite of Tecimelopy Lodkrl
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ABSTRACT: Thes paper investigated the distributicn of particles in used nbxicating ofl (SAE Ow-30) and filter in diesel engine with
five samples by usimg Laser diffraction techmique. The objective of dris research is to measare and compare the size distribution
between used bobricating oils and filters The Inser diffaction that main techoique was compared with scanning efectron microscope

(SEM) , Ferrogram. and Filtergram to prove dstritation of puticle.

The results of size distribution were showed in logarithm graph , in

wsed kubricating oils the cmatlest particle is found to be 0.1 jum whereas largest is 23 pm. Focnsing on filters, 1pm and 100 pm are the

suEnber of smallest and largest size respectively.

EEY WORDS:Particle Size Distribution, Laser Diffiaction, Lutwicating Oil, Diesel Engine

1. INTRODUCTION

A Major fimction of hobricating oil #s fiiction reduetion, and
weor coutrol. The hubwicating ol develops hibricating film
However, the engine oil is a depository of imgrmities. These &e
in the fam of solid liquid, =nd gaseous comtamimants If
unrcntrolied, these contaminants cam bild up to excessive levels.
High levels of kabvicant contamiration canse wear of mechanical
components #s well e breakdown of the lobe oil. The result is
performace degradation, reduced engine life, and shot i
segvice Life. The muxin canse of lutxicating oil declination is
contumination sch as wear debris, soot particles, oxidation,
weater, foel, ghycal, gir and heat™

The way that fisel is injected and ignited, sggromorate soot
formstion oocws more cooxnonly in diese] thap in gascline
engines. Unlike gasoline engines where the fael/=r mixtore is
igited with » sperk, fuel and air entering the Fesed cylinder
ignie spontanecusly from the high preswre in the combustion
chember. The fuel and air mixtre in diesel engines typicaly do
not mix »s Sorooghly as tey do in gasoline engines. This
creates foel-dense pockets that roduce soot when ignited, While
the majarity of soot easly escapes toough the exhanst, some
got pest the piston rings end ends up in the ubricant oll. These
impacts directly on declination life of Inbricating o which
couttitates 40 wenr™®. From the Hierstures, we have been fond
vevera] cive of contaminate particle tuch as particle of soot , wear
edement, sd dost and ect Lihi Doog et ol ® investigated

Efiect of lntxicxting oil an the particle size distrbution and total
mumber concentration in a dese] engine and the result found the
peak of paticle size manber distribation appears at axoand 75
om to 100 xen when lobricated with CI odl, while appears at
ground 87 pm to 115 nm when hibricated with CF oll. The
concenimation of the highest peak when lubricated with CF is
higher than that with CI oil.

Mrdnl Ganfam et al™ stodied Effect of diesel soot
contaminated oil on engine wear investigation of novel il
formulations the result showed 02-05% of the foel muss is
exmitted a5 small parficles (approsimately 0.1 mm in diameter)
which consist primarity of soot. Zim et al ®found that the mge
of soot particle is 2035 nm with a nesrly nommal distribution.

James A AdSson®™ jmvestigated contamination of Gesel
Iabricant In this test cottaminant particles in diffisrent <ize mnges
were evaluated for effiect on engine wear. It was demonstrased
that particles the size of the dynamic oil clearances prodoced the
most Besel engine wea. Thers are various particles size that
sppear in the experiment zince 5-100 pm by wesr between
piston-ring znd cylinder range up to 30 ym in size and are work
haydened

MA Faz! ot ol? investigtd fiction and wear
characteristics of palm biodiesel. The result sizes of the particles
removed from cavities of the wom balls in B0-B30 are mnch
bigger than 20 ym canse by achesive wen.

Henghon Wo et al™ imvestigzted Marphology,
composition, and structore of carbon deposits from diesel and



biodieselktiesel blends on a pintietype foel injector nazzle
theresudt found the cmbonaceous deposifion of fum the
engsified biodiesel/dese] blended fuel was greater than that of
dbese]l The dimmeter of deposited cabon agglomented
particulsies was approcmately 10-30 jon with diesel and 50
pEn with the mulsified biodieselidiese] blend.

In dds research, the compamtive study of diffezence of
paticles size vin used hubcicant ol (SAE Ow-30) coped with
filter to find out capability of trapping from filter has been done
for five different sumples taken from dissel engine. Different
aged hbeicast sampls were chosen to evalmte wearing effect of
the engine.

3. EXPERIMENTAL APPARATUS
1), Engine Specification

In this research, five different camples of wsed hubwicating
oils and filters have been taken from diesel engive, namely
sample 1 © sazple 5. The deted of engine specification is shown
inTable 1.

Table | Engine Specification.

Displacement volurre, (¢c) 1499
Compressiocn 1atio 148
Muximus Power, (3 105/4000
Maxicmen Torgoe, (N'rpom) 2801,500.2.500
2. Labricating O Spedation

SAE Ow-30 has been chosen as lobricating oil for tested
Sese] engine. The detail specification of used habricating ol is
elaborated in Table 2 below.

Table 2 Lobricating Ofl Specification.

E : Soecificas
Viscosity @ 40°C, (cSY) 445
Viscosity @ 100°C, (c59 96
Viscosity Index 207
Oxidation. (Abs) 181
Nitration, (Abs) 6.1
‘THN. (g KOH/E) 56
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2.3, Amalyzer Equipment

In this study, forr different technique has been utilized to
investizate distribution of particles in sample hibricationg ofl.

First, Scamning electron microscope (SEM), which obtains
bigh magnification images, with a good depth of field, and cam
also malyse individual crystals or other festures. A high-
resclution SEM image can show detzi] down to 25 Angstroms, or
better. When used in comjunction with the closely-related
tecimique of energy dispersive X-my microtnalysis (EDX).

Next, Ferrogram provides ealy detection of abnormal wear
of the lubricated aitical mterns) components of mechanical
systems. It amplyzes the debris @ system hibmicamts. Shows
puticle size, thape and color as well as quutity, identifies
weared system cotrponstits ard o what degree, and pinpoints the
cause of the wear. The cutting and nonnel mwbbing wear was
foumd in this parer.

Following with Sltergram smalysis of #n ol semple can be
a vay wefil addition to e more traditiona] methods of
condition meonitoring. The sample to be examrined has to be
dissolve in a solvent and filtered throagh a very fine membrane
flter. The wear debuis and other contaminants in the oil e
captured on the membrane for examination under a high power
microscope. The fitergram report gives an znalysis of the size
md composition of all the paticles fonnd 25 well as the wear
of selected particles are presented on the green picture. Debris
recovered from filler media can also be mnalysed by this
wclique™.

Finally laser diffraction technique, Itis used in » wide mnge
of applicatons to give zccwrate measwement of particle size.
“The method is usoally applicable for a paticle rnge fom 0.1 to
2,000 ym depending on the setup of the system, A putice
vohume fraction from 0.001 to 1.0 vol% cam noumally be
measured. The laser difffuction techmigue is based on Mie
scattering developed by Gustav Mie. In order to solve for a
spherical particle Mie sssumed that the paticle bas to be
sotropic, in effect no difference in which direction the incident
bearn strikes the particle. He also asstmed that the waves of the
incident lght were of constant frequency, consint anplitode and
parallel. The intersity of the scattered light was a fimction of the
wavelength, A, particle size d and the relative index of refraction
n between the particle and the meding

Lscatersa= Ih:mm' (0., .dn) )

When a particle is ilhaninated by a motochromatic source,
a He-Ne laser, a diffrection pattem is created. The mgle of the



&ffimcted light wave depends on the particle size. To solve the
Mis.ecaution he refraction index, n, should alse be known.

Fig. 1 shown below gives an overvisw of the different paths
that can be created by a laser-light when it is hitling & droplet.
When the laser beamn interacte with a droplet there are four
outcomes that shoudd be considered, as shown in Fig, 1 the laser
Light wihich do not inderact with the droplet can not detected
Refiection of the beam may also ocowr and agrin no droplet may
be detected. The Light can also hit the droplet and refracted ray
conald be tnmsmitted through the droplet. The refraction process
may also cause some of the light to reflect within the dioplet.
The reltive index of refiacticn , n, is dependent on the-fid
droplet and the soromnding gas. The most imporiant featore of
the laser diffiaction technique is the light that interacts with he
droplet trough diffiaction.

Fig. 1 Laser Light Hitting A Droplet.

The difffaction angle is inversely mroportiom) to droplet
sire. A datector is able to detect the angle md intensity of the
difffaction patiern snd thus determines the particle size (%

3 EXPERDMENTAL METHOD

The pagticle size distribution of all szmples were performed
wmits This laser difftaction particle cize analyser is dasigned to
mensure particle sizes ranges from 0.02 to 2000 (am by nsing a
blus (488.0 pm wavelength LED) and red (633.8 jun wave length
He-Ne laser) light dual-wavelength, single-lens detection system
theough the cell is measared by 52 sensors.

The light intensity adscibed by the materia] is measured a5
chscaration and indicates the snownt of sample added to the
dispersave Hquid Light scattering data are accurmulated in 100
tize factions bins, which are analyved at 1000 readings per
seccnd. and congpiled with Mastersizer 2000 softoare by using
either fall Mis or Framhofer diffiaction theories. This theary is
based on the assumpticn that; (1) particles are mineralogically
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bomogenecus; (2) particles we sphetical; (3) the optical
roperties of patticle and dispersion mediten aze known;
%) suspension dihrtion gnarantees that light seattered by one
patticles is measwed before being.re-scattsred by other
paticles. 20

Five szmples were taken fTom diesel engine. Those semples
were nzmed as Samplel to SampleS. The detail of engine 2ge
md hubricant 2ge for each sanple is shown in Table 3 below.
Those lnbricant samples which have equal value of car age and
oil age wre terned a3 of] interval condition.

Table3 Age of Tested Lubxricating Oil ad Filter Sample.

Lobncent®cer

pusarl %@ Lubricanting ol age (k)
1 9,993 9,993
2 11237 11237
3 19,046 9362
3 19,500 9.800
5 19,779 9811

been shown in logarithen graphs.,

4. RESULT AND DISCUSSION
41.SEAVEDX
bas been meastred in rangs of 0.5 pm to 100 pm and divided in
1 two main size groups. Delais diameter ranges fom 0.5 pam to
5 pm, shown m Fig. 2(z), were measwed using 1000X
magpification scale while diameter ranges from 5 pm to 100 pm,
shown in Fig 2(b), were measured with 500X magmfication scale.
Groaps of metal wewr delnis wers identified from enevgy
dspersive X-ray mirosnalysis, that consisting O 39%, C37%,
Fe 22% Ca 1.5% and K 0.37% by weight. Fig. 2 showed the
largest proup of wear debuds, size is 80 pm  the fullowing
components were present, Fe 7808 %, O 10.66% , A10.92%,
Cr0.77%and 5i 0.37% respectively.

From the constiteent of element can observed, these group
of wear detxis efficacy can be inserted and rend in to the fbers
of filter. If a large nrember of wear debris metat grovp are found
in used hlxicating oil that indicates reduction in life of
Inbrication oil and which are very critical to cause abrasion wear
in the engine. Main cause of adbesive wear occtxs when the
boundary Lxyer of lutricant fiim between the asparities of two
opposing surfaces is displaced However other wear debris were
geverated by the hizh presnige in the combustion chamber,
which is termed #s counbustion blow by, The wear delmis by




combustion blow disecly affects on cylinder liner and prstan

rings resultmyg detenoration on sealing efficiency
Consequently .the deposinon of soot in rings due to
ineoniplete combustion also reduces the sealing efficiency.

LUT P13
L ATHED

Fig- 2 Small Wear Debris (a), (b) Brggest Wear Debnis.

The second grovp of particles pack that showed i Fig 3(a)
and 3(b) shows. puticle nize dsmbution 15 very wide. Particles
meanunng 5 pm to 20 pm. :dendfied by EDX contams two third
of carbon and one third of axygen. As noticed from Fig. 4(a),
higher percentage of carbon 1n those nodular shapes suggests the
presence of soot particles m tested lubncant. Additonally, those
flat shaped particles as shown in Fig4 (8) consists of 79.32% of
carbon and 20.68% of oxygen 2lso seems like soot pamncles
although the shape ts different. The varunon in shape may be
due to the vanaton in carbon and oxygen percentages.

The primary soct partucles conrans 98 percent carbon by
weight and typically sphencal m shape. While most are cnly
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around 0.03 poun size, they often clump together to form larger
particles. Individual soot particles pose Little sk to engrme parts.
bt clumps of soot can cause damage.t?

S0 156
STREG

{54
s TRV
Sinee W -

Fig. 3 Nodutar Shape (a), Flat Shape of Carbon Conzposition.

4.2. Ferrogram/Filtergram

Ferrogram analysis 15 useful to understand the mam cause
of wear by evaluatng debns partcles found m lubnicanng oil
These particles consist of metallic and non-metallic matiers. The
metaltic parncle is a wear condihon that separates different size
and shapes of metallic dust from components like #ll type of
beanngs. gears or couplmg. In Fig. 4a) showed size of menallic
wear debris, there are mamly composed of mon and have
magnetic [operties, 1 pm to 20 pm sizes are because of nommal
rubbing wear. These wear particle can be generated from general
wear on the engine



Fig 4 Norma) Rubbing Wear (2), Long curled smps (b).

From Fig. 4(b) Long curled stnps of metal wear was found
in the middle Theze are caused by abrasnion wear m lubncant
system or & part of engine, musaligrment or contamination of
soot If long curled stip were found considerable 1 used
hibmicating oil betoken that engme has lagh wear condition rate
and negatvely affect to the engine.

Filtergram techmque 15 used to detected non-metallic
particle which consists durt, sand or corroded metallic particles as
shown in Fig 5. In Fig. 3(2) black pomnts are distribunion of soot
appeared in grean chart, their size varies between 0.1 to 10 pm,
these contaminabon in lubneation oil could be genenated by
combustion blow effect as discussed eartier.

Fig. 5(a) and b} is Ahmunum component wear, cause of
Ahrmimes paticles ocoured were abrasion wear and misaligned
with magpetic field .There are 1 ym to 10 um Fig. 5x) and 20
pm 1a 5(b) which 1s regarded as the normal size of wear .
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Fig 5 Distribution of soot (a), Size of Ahmuimun (b).

4.3, Particle Size Distribution

To preasion measwre and indentify the particle size
distribution of lubricating oils and filters from five samples,
laser diffraction technique was wused for this experiment to detect
size of particle. Graphl showed partictes which appear in
hibncanng ofls. the smallest size 0.0 pm and 233 pm Bhoe
line represent the average sze of particles that existing in
lubmcating eils from five samples , the average of particles from
tabricating ofls 15 2.7 pm There are 2 peak of this blue line, the
heghest peak was 3.16 pm which 5.52 % and the second peak is
0.68 pm. which 4.38%. From the stze distnbution that showed in
highest peak expected to be small wear debris group with
refevence to result from SEM. The second peak expected to be
soot that from filtergram techmuque 1o Fig. 5 (8) of even the emoll
particle as second peak perhaps it could be dust, sand, axidation
enmiision water and fhel because these are many factors which
contaminate withm the hubricating oils.
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Graph. 2 Paricle Distribution Size of Filters AL Samples.

These 200 widddy diffirent in sampls 4, the ovange Line
Jighest pesk in 4.3 pm which 6.2% and the second pesk 0.68 pm
size wisch quantity is 3.5%.

Graph 2 showed particle distribution gize of filiers fran
five semples, from graph 1o to 100 jon were fond. Bloe line
yepmesent the average size of particles from five sample is 18.54
pma the most 14.7 pm size sppesred 694 % by volune. At the
biggest sive is 100 pm appeared in 0.02 % within sumple 4.

From the resolt image from SEM can establich sbaolui=ly
confident by these buge particles me group of metsl wear debes.
Lubxicating oil contamination wear debris which
sEneraletmoin contumination This process is the chabzeaction.
of wesr. This proceeds by inlermal wesgenerating fesh wear
deleis; by internal wear cpening dynamic seoling sarfaces,
allowig contrminsnt Eygression from the enviromment, sad by
kiriciting oil breakdown gesemting vamshes , shodges,
dacreazs off 1ife and increase worse chemmical reaction with in ol



97

Total Particle Size Distribution of Al Samples
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Graph 3 Total Paricle Distributicn Sire of Oi] and Filters All Samples.

Porticles size distibution were separated within 2 main
parts, tha firct pat iy distribution of Mbricating ol that showed
in Gaph. 3 red lize represent the average paticls distribution
size of five cmmple e aveaye dre it 2.7 pm Green line
repeseseiis complaive fieamcy of pamticles 5 of hocating
ails, show that since 0.1 pm witil 1pm size was fomnd in 36% by
vohmre and sisce 1 pma to 10ym is 62% by volume this indicats
that the sty size of purticle dEstribution in the bbricatings oil
slvltm

The second part &5 pacticle size distribution in fikers, bive
Ene regesents e average particle distmbubion of five
sumaple G wverage sioe is 1854 pm. Pink fine peperesent
cmalative frequency of particles size of filters, 1 pm to 10pm
size iz 38% by vohxze and 10 pm o 100 pm size was foread
within 62% mesn that moctly particle size in filteris 10 pm o
100 pm.

The black line represents total particle distritution size of
ol samgples, that means, in e lobricant system of these five
saenple can penerated pasticle size from 0.1 pm to 100 pm there
ae diffievent distribution size around thousand times, by the most
size of porticle of this kibricant system can generais iz betwern 4
o B0 Gprmn,

The intersection of red line and biue line indicates that
filtey can captore paxticle bager Gun 1 pon, bowever fitenation
efficiency of filter appeurs better for particles lager than 4 .
The trend of red Ene sogzests, particles size of meed kabricating
ol start to decyeane after 4 ;m.

4. CONCLUSEON

This resesrch hat been performed by collecting fhe
ketricantating oil wed in normally operated engines. The sdy
bas been dome based ca particle sire distribation  of obtaimed
wed Jabricating cils and filers. However, the driving manney is
oot mclnded, which also effects an engine wear. The paticle size
distribotion of the Jubricant have quite significant relation to
case wear i the Exerm) combustion engine.  Afier completion
this expeiments] malyss, te following cooclusion can be
down

1. From SEM and EDX in oil filiers, wear debuis metz] grovp
and carbon composite was formd within 0.5 pm to 160 pm and
05 pm o 5 pm respectively. The constitude of wear debmis
element can cbserved that these group of wesr debwis efficacy
insert and rend in to the fibers of filter.

2. Metrallic wear debds groop in firrogram showed, they ars
mainly composad of iron and have megnetic properties, 1 jm to
20 pm sizes were fovnd that is nommal rubbing wear. Soot st
between 0.1 to 10 pm  and Alwminem 1 pm to 10 pm was
dectected in flterpram of filters.

3. Paticle size distribution 0.1 pm to 100 pm was genersted
by Iobxicant system, from cumnlative frequency that showed in
green Line of Inbricating ofls foxmd size between 0.1 pon to 10
o vith in 98% by volume and 1y to 100 pm in filter. Filters
can capire particle since 1 pm or more sd good filteration
efficisncy of filler was appesred sicoe 4 pm.
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