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ABSTRACT

The purpose of this project is to study the visgosi synthesized polyol ester from
jatropha oil. Jatropha oil-based polyol esters po&ential biodegradable stocks for
environmentally friendly lubricants. The physicabperties of lubricants are primarily
contributed by the structure of the lubricant bsteek. Similarly, the first criterion for
any potential polyol ester hydraulic fluid is thésaosity of the base ester before
addition of any additive. Viscosity, U, is the masiportant characteristic of a fluid
lubricant because it has a major role in the foromadf a fluid film. Hydraulic fluids of
any type are designed to meet a specific viscad#gsification. Viscosity grades are
defined by International Standards OrganizatioOflStandards according to a fluid’'s
viscosity at 40°C in centistokes (Mfisecond). The synthesis of jatropha oil
trimethylolpropane (TMP) esters has been perforimettansesterification of jatropha
oil methyl esters (ME) with TMP using sulphuric d@is catalyst. The temperature and
shear rate effect on viscosity are then have beeestigated and be compared with
methyl ester, sarapar and neopentylglycol in thiggat. The Brookfield Cap 2000+ L-
Series and H-series have been used to measuresitysat lower and higher
temperature respectivellolyol esters (POE) are being used in many apmitsitareas
as compressor oils, refrigeration lubricants, nvedaking fluid, jet engine lubricants,
high-temperature chain oils, hydraulic fluids andomotive gear oils. In industrial
markets, POEs are used extensively in synthetitgegation lubricants due to their
miscibility with non-chlorine refrigerants. Theyeaalso widely used in a variety of very
high temperature applications such as industriehashains, stationary turbine engines,
high temperature grease, fire resistant transforomaiants, fire resistant hydraulic
fluids, and textile lubricants.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF STUDY

New technologies focused on the development of ymtsdfrom renewable sources
have become very important during the last dec@les is due to increased concerns
over the use of petroleum-based products causethebyprogressive depletion of the
world reserves of fossil fuels and concerns onrtBevironmental impact. The global
drive towards the use of biodegradable produciscieasing despite early commercial

resistance due to their cost and performance ceragidn.

In this project, the chemical synthesis of Jatropharimethylpropane esters will be
conducted via transesterification of Jatropha odthgl esters with trimethylpropane
(TMP) and the viscosity will be studied and anatiiz®epending on the types of
multifunctional alcohol and monofunctional acid quesors, a wide variety of synthetic
polyol esters can be obtained. The viscosity ofam@hand synthetic oils significantly
decreases when their temperature is raised. Tiehigscosity is restored after the oils

cool down to their original temperature.

The viscosity of synthetic oils is relatively lessnsitive to temperature in comparison
to mineral oils. But the viscosity of synthetic iblso decreases with increasing
temperature. Development of non-edible oil productitan decrease the risk of food
security. Jatrophd&Jatropha curcas)s one of such non-edible vegetable oils which
have great production potential. It can be growwerny poor soils or idle lands and it

has seeds with 30% to 40% approximate oil contéme. Jatropha oil may be the key to
addressing the problems of energy and food sefiegricy. Cultivating the Jatropha

oil does not only provide oil but can also ensina &gricultural lands devoted to food

production will not be diverted to fuel crops.



1.2 PROBLEM STATEMENT

1.2.1 Problem Identification

Detailed knowledge of the viscometric propertiesnafural and chemically modified
polyol ester is of particular importance whenewdsrication is their intended usage.
The most important mechanical property of lubricghtids is viscosity. For
hydrodynamic lubrication, the viscosity, U, is thmst important characteristic of a
fluid lubricant because it has a major role infibrenation of a fluid film [1].

As example related to the effect of temperatureatds lubricant viscosity, one of the
problems in bearing design is the difficulty of @eely predicting the final temperature
distribution and lubricant viscosity in the fluidnh of the bearing [1]. For a highly
loaded bearing combined with low speed, oils chtreély high viscosity are applied.

However for high speed bearings, oils of relatively viscosity are usually applied.

Minimum viscosity is required to secure proper fogbhmamic lubrication when the

engine is at an elevated temperature. For thisgza;pa lubricant of high viscosity at
ambient temperature must be selected. This muglt iashigh viscosity during starting

of a car engine, particularly on cold winter mogsn causing heavy demand on the
engine starter and battery [1]. For this reasdori¢ants with less sensitive viscosity to
temperature variations would have a distinct ach@at This brings to the introduction
of synthetic oils that is also less sensitive tmgderature variations, in comparison to

regular mineral oils.

The physical properties of lubricants mainly cdmited to the structure of the lubricant
stock. Similarly, the first criterion for any pote polyol ester hydraulic fluid is the

viscosity of the base ester before addition of adglitive. Viscosity, W, is the most
important characteristic of a fluid lubricant besaut has a major role in the formation
of a fluid film [2].



1.2.2 Significant of Project

Structure of the lubricant base stock contributethe physical properties of lubricants
especially viscosity. Viscosity, |, of the mainezsts the most significant characteristic
for any potential ester hydraulic fluid before addi of any additive [1]. Therefore, this
project is very significant to investigate the wasity of chemically synthesized polyol

ester as the base stock for lubricant fluid.

The influence of temperature towards viscosity Wélp to predict the final temperature
distribution and lubricant viscosity in the fluidihh as example in the bearing operation.
The problem when a lubricant is subject to vey davgriations of viscosity due to
changes in temperature will be solved. The visgasitsynthetic oils is less sensitive to
temperature variation to be compare with mineralbased lubricant and this would

have a distinct advantage [3].

There are so many factors that cause change insiigdike temperature, pressure and
rate of shear and age of lubricant. If we are waghkwith oils, it is necessary to know
how the viscosity varies with the temperature. €crdetermination of viscosity at any
temperature is essential for designers and useen whedicting the performance of

lubricants [4].

Furthermore, Jatropha oil TMP esters are the pialebtodegradable base stock for
lubricant production that get an attention in récgrars that has been paid to natural
triglycerides, fatty acid derived from them and ithpotential [5]. To compete
economically with petroleum-based lubricant, lubntproduction cost can be reduced
using less expensive vegetable oils including tre-edible Jatropha oil that may be the
key to addressing the problems of energy and fadissfficiency to compare with

other edible vegetable oil as example rapeseethesoy palm oils and corn [6].



1.3 OBJECTIVES AND SCOPE OF STUDY

1.3.1 Objectives

1) To synthesize polyol ester by transesterficationJatropha oil methyl esters
(ME) with trimethylolpropane (TMP).

2) To investigate the influence of temperature ancishete towards the kinematic
viscosity of synthesized polyol esters from jatraghl and to compare it with
methyl ester, sarapar and neopentyl glycol ester.

1.3.2 Scope of Study

This project is an experimental based study and landivided into two parts

throughout the given two semester’s period. Thst frart of the project will be the
preparation of polyol ester from Jatropha oil lansesterfication of Jatropha oil methyl
esters (ME) with trimethylolpropane (TMP). A twoept transesterification reactions
will be performed in a batch process to conventopdia oil to its methyl ester with 1%
sodium hydroxide (KOH) as catalyst and later orctrétawith TMP to produce polyol

ester. The later part of this project will be thiscesity studies of the chemically
synthesized polyol ester from Jatropha oil by commgathe viscosity at varies

temperature and shear rate with methyl ester, aaeay neopentyl glycol ester.

1.3.3 The Relevancy of Project

This project is relevant by looking into the importe of the biodegradable polyol ester
as the base stock of lubricant production. Estsetdasynthetic lubricant are composed
by several compounds. What is needed in completig project is not only the
understanding of how biodegradable polyol ester sgnthesized by using
transesterification process but also require thiétyalbo investigate and analyse the



importance of viscosity of polyol ester as the niogtortant physical properties of the

base stock in lubricant production.

This project addresses the importance of viscositjuid flow. Physical systems and
applications as diverse as fluid flow in pipes, tlosv of blood, lubrication of engine
parts, the dynamics of raindrops, volcanic erugiglanetary and stellar magnetic field
generation, to name just a few, all involve fluiovf and are controlled to some degree
by fluid viscosity. Therefore this project is retace in the sense of it discuss the

importance of viscosity as the most important ptaigproperty of lubricant.

In addition, this project address the importanceigsihg Jatropha oil as the source of
natural triglycerides and fatty acid to graduallgplace the hydrocarbon-based
lubricants derived from petroleum. This raw materns cheap and renewable.

Moreover, natural fats and products derived froemnthare generally environmentally

friendly. Synthetic esters produced from naturéigcannot be used at extremely high
temperatures, but they are very suitable in les®me applications such as two-stroke
engine oils, chain bar oils, cutting oils, concreteuld release agents and cosmetic

ingredients.



CHAPTER 2

THEORY

2.1 ANALYSIS OF LITERATURE

The main purpose of lubricants is decreased fnctmd wear, and other effects
including heat transfer, contaminant suspensignjdi sealing and corrosion protection.
Between 5000 to 10000 different lubricant formuat are necessary to satisfy more

than 90% of all lubricant applications.

Polyol esters improve the performance of lubricamtsether used as the primary base
stock or as a property-enhancing additive. Polgtérs can be produced over a wide
range of viscosities, viscosity indices, load-cargyand other critical properties. The
inherent polarity of esters results in lower vdigti cleaner lubrication, long-life,

biodegradability and attraction to metal surfacgs [

Polyol esters are formed by reacting an alcohohwito or more reactive hydroxyl

groups. These fluids are used primarily for aitcengines, high temperature gas
turbines, hydraulic fluids and heat exchange fluiBslyol esters are much more
expensive than diesters [7]. Lubricating greaseh polyol esters as the base fluid are

particularly suited to high temperature applicagion

Polyol esters have the same advantages/disadvaraageiesters. They are, however,
much more stable and tend to be used instead stedsewhere temperature stability is
important. In general, a polyol ester is thoughb&40-50 °C more thermally stable
than a diester of the same viscosity. Esters mgiveh lower coefficients of friction than

those of polyalphaolefin (PAO) and mineral oil [y adding 5-10% of an ester to a

PAO or mineral oil the oil's coefficient of fricttocan be reduced markedly [7].



Most lubricants, including mineral and synthetitspdemonstrate a linear relationship
between the shear stress and the shear rate Elnifar linear relationship holds in the
air that is used in air bearings. Fluids that destrate such linear relationships are
referred to as Newtonian fluids. In simple sheawfl u = u(y), the shear stress,is
proportional to the shear rate. The shear rate dexivtwo parallel plates without a
pressure gradient is U=h. But in the general cdssnaple shear flow, u = u(y), the
local shear rate is determined by the velocity gratddu/dy, where u is the fluid
velocity component in the x-direction and the geadidu/dy is in respect to y in the

normal direction to the sliding layers [9].

Some of the advantages of the synthetic lubricgnuding chemically synthesized
polyol ester as base stock are measurably betteratal high temperature, viscosity
performance, better chemical & shear stability rdased evaporative loss, resistance to
oxidation, thermal breakdown and oil sludge proldeextended drain intervals with
the environmental benefit of less oil waste, imga\Jyuel economy in certain engine
configurations, better lubrication on cold startsl onger engine life [10].

Polyol esters can extend the high temperature tpgraange of a lubricant by as much
as 50 - 100°C due to their superior stability amd Volatility. They are also renowned
for their film strength and increased lubricity whiis useful in reducing energy

consumption in many applications [11].

Maximum and minimum operating temperatures, alonith vihe system's load,
determine the fluid's viscosity requirements. Fgaraulic fluid, the fluid must maintain
a minimum viscosity at the highest operating terapee. However, the hydraulic fluid

must not be so viscous at low temperature thatrihot be pumped.



2.2 VISCOSITY UNITS

The Sl unit of pressur@, as well as shear of stressjs the Pascal (Pa) = Newtons per
square meter [N=m2]. This is a small unit; a langeit is the kilopascal (kPa) = 103 Pa.
In the imperial (English) unit system, the commant wf pressurep, as well as of

shear stress, is Ibf per square inch (psi). The conversiondesfor pressure and stress

are:

1 Pa = 1:4504 x IDpsi
1 kPa = 1:4504 x Ibpsi (1)

The SI units of kinematic viscosity, are [nf/s]. An additional cgs unit for absolute
viscosity, m, is the poise [dyne-s/GmThe unit of dyne-seconds per square centimeter
is the poise, while the centipoise (one hundredtipaise) has been widely used in
bearing calculations, but now has been graduafiiaced by SI units. The cgs unit for
kinematic viscosity, n, is the stokes (St) [cm2Akmaller unit is the centistokes (cSt),
cSt = 107 stokes. The unit cSt is equivalent to [mm2/s][12].

2.3 BIOLUBRICANTS

The primary functions of lubricants are decreasedidn and wear, and other effects
including heat transfer; contaminant suspensiqguidi sealing and corrosion protection.
Between 5,000-10,000 different lubricant formulaiocare necessary to satisfy more

than 90% of all lubricant applications [13].

To meet these requirements most modern lubricaet€@mplex formulated products
consisting of 70-90% base oils mixed with functioadditives to modify the natural
properties (i.e. cold stability, oxidation stalyilithydrolytic stability, viscosity and

viscosity index, corrosion) and fulfil the requirens for the fluid.



Biolubricants are often, but not necessarily, basedvegetable oils. In all different
current discussions biolubricants are at the lgastlucts for which formulation for
rapid biodegradability and low environmental toticis a deliberate and primary
intention. However, no universal agreement exists the origin and chemical
composition of the biolubricants. They can alss¥athetic esters which may be partly
derived from renewable resources i.e. the hydrslydifats and oils to produce the
constituent fatty acids. They can be made from dewivariety of natural sources

including solid fats and low grade or waste matesach as tallows.

The base oil can be mineral, vegetable, synthetie-oefined:-
1) -Mineral oils are the most commonly used today. They consisiopnethntly of
hydrocarbons but also contain some sulphur andgatr compounds with traces

of a number of metals.

2) Vegetable oilsused in lubricants are mainly derived from rapessadflower,

palm and coconut.

3) Synthetic oils include among others polyalphaolefins (PAO), symthesters
and polyalkylene glycols (PAGs). PAOs are petrodbahderived synthetic oils
that most resemble mineral oils. Synthetic estems fa large group of products,
which can be either from petrochemical or oleoclwamorigin. Five different
categories of synthetic esters can be distinguishlednoesters, di-esters,

phthalate esters, polyol esters and complex esters.
4) Re-refined oil is used oil that undergoes an extensive rerefiqrgress to

remove contaminants to produce fresh base oil. @dse oil is then sold to

blenders who add additive packages to producedaibts.
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Genetically-modified vegetable oils, such as hitgieosunflower and rapeseed, are also
beginning to find use in applications where highgidative stability is needed [14].
Vegetable oils offer biodegradability and low tawgc Obviously during the
formulation of a biodegradable and low toxicity ifluthe additives must be
biodegradable and have low toxicity. In the begwgniof the development of
biolubricants (some 20 years ago) the focus watherformulation of products based
on pure vegetable oils. Over the last ten yearaieler, the trend has been the use of

synthetic ester types which may be partly derivechfrenewable resources.

To avoid controversies associated with the terntubiicants, as well as to create a
starting point for more environmental preferableducts to enter the market, a
European harmonization of the term is highly déd&aThe two most significant

opportunities for biolubricants are:

1) High-risk lubricants i.e. in applications where there is a high probgbibf
accidental exposure of the lubricants to sensiéimeironments e.g. hydraulic
equipment in forests and by water

2) Total-loss lubricants— where, by the design of the equipment or apptinathe

lubricant ends up almost entirely in the environmen

There is a necessity to develop more analyticdortanade methods to better
understand the nature of lubricants and to betislyswhich are the modifications
occurring during their use. Simply transferring thell-known methodologies from
mineral oils to vegetable oils would result in amrealistic picture of these products
[15]. A preliminary chemical evaluation of baseeestshould detect defects that may
cause problems during in-use operation. A strofigrtemust be made to set up and

standardize methods for quality control.

11



2.4 BENEFITS OF BIODEGRADABLE LUBRICANTS

1)

2)

3)

4)

5)

6)

7)

8)

Less emissions because of higher boiling temperattanges of esters (Native
triglycerides lead to partly gummy structures ghhiemperatures and can build

eye irritant acroleins)[16]

Total free of aromatics, over, 90 % biodegradalils aon water polluting, oil
mist and oil vapor reduction, leading to less iakiah of oil mist into the lung

Better skin compatibility, less dermatological peshs.

High cleanliness at the working place

At least equal and often higher tool life, becabggher wetting tendency of

polar esters lead to friction reduction.

Higher viscosity index, their viscosity does notywavith temperature as much
as mineral oil. This can be an advantage when degjdubricants for use over
a wide temperature range. This can also resutbwelt viscosity classes for the

same applications combined with easier heat trafik7§.

Higher safety on a shop floor, because of highashjpoints at the same

viscosities

Cost savings on account of less maintenance, maerpstorage and disposal

costs.

12



2.5 DISADVANTAGES OF BIODEGRADABLE LUBRICANTS

1)

2)

3)

4)

5)

Low temperature limitations. The addition of cosoits such as synthetic fluids

or mineral oils can improve the low-temperaturepgties of vegetable oils

Partly worse smell and compatibility with paintirgysd sealings

More flushing tendency because of lower viscosity

Less oxidation and hydrolytic stability’s of veget& oils

Filter clogging tendency depending on ester typkfarmulation

13



CHAPTER 3

METHODOLOGY

3.1 CHEMICALS

3.1.1 Jatropha Oil

Approximately 100 g ofJatropha curcasoil that can readily be obtained from

laboratory will be used to react it with methanoldbtain the fatty acid methyl ester

(FAME) in the two steps transesterification process

3.1.2 Methanol

Excess methanol is needed in the experiment wihrthblar ratio to oil is 6:1.

3.1.3 Sodium Hydroxide (KOH)

Sodium hydroxide employs as a catalyst in thisseaterification process. 1 % KOH

will be used during the experiment.

3.1.4 Sulphuric Acid

Sulphuric acid employs as a catalyst in this trates#ication process. 1 %,80, will

be used during the experiment.

3.1.5 Trimethylpropane (TMP)

TMP that can readily be obtained from laboratoryl vibe reacted with FAME

producing desired polyol ester and also methanol.

14



3.1.6 Sarapar

Synthetic base drilling fluid, chemical intermediatPurchased and to be used in

comparison of the viscosity.

3.1.7 Neopentyl Glycol (NPG) ester

Product of esterification neopentyl glycol estethahexanoic acid. Purchased and to be

used in comparison of the viscosity.

3.2 PROJECT ACTIVITIES

3.2.1 Synthesis of Polyol Esters from Jatropha Oil

Transesterification reactions were to perform inbatch process. A two-step
transesterification process will be used becausthethigh free fatty acid content of
Jatropha oil which causes fatty acid salts (soapindtion during base-catalyzed
transesterification. The soap could prevent sejmaratf the methyl ester layer from the
glycerine fraction. Conditions of the reaction #re following:

1) Methyl ester/TMP ratio: 4:1

2) Temperature : 210 °C

3) Pressure : 0.2-20mbar

4) Reaction time : less than 1 hour

5) Catalyst : Sulfuric acid 1%

The first step is acid esterification and pre-tmeait for removing free fatty acids in the
oil, which is mainly a pre-treatment process. Iis thtep, free fatty acids were first
converted to esters with methanol using an acidlystt HSO, . The reactor will be
filled about approximately 100g Jatropha oil. Thatatyst, 1% sulphuric acid is
dissolved in methanol and then added to the reattarreaction temperature of 70°C.

The mixture will be agitated throughout the expemmnat 700 rpm. After about one

15



hour of reaction, the mixture will be allowed tdtkeand the methar-water friction at
the top layer will be removeln the second step, the product of the pretreatmept
will be poured into the react and heated at 50°C. The catalyst, sodium hydrofic
%) is dissolved in methar and then added to the reactor. The reaction waedayut
using 100% excessethanol ad the molar ratio of methanol to oil is 6:1. Aftee enc
of the reactior(1.5h), the mixture will be cooled to room temparatand transferred
a separatoryjunnel. The two layers were separated by sedimentalhe methyl este

phase will bevashecwith hot distilled water[18].

(2)

CHOH CHOCOR
CHCH—c—CHOH + 3RCOOCH == CHCH,—c—CHOCOR + 3CHOH
CHOH C|II-bOCOR
TMP FAME Polyol esters Methanol

Methyl ester will then allowed to react witrimethylpropane (TMP) at temperature 2
°C with the presence of sulphuric acid 1% catalydt the molar ratio AME : TMP
4 : 1. When the reaction is complete, the syntleelsster will be separated from -

catalyst by using filtratiol

3.2.2 Viscosity Studies of Synthesized Polyol Esgefrom Jatropha Oil

Brookfield digital viscometer model CAP 2000-Series and Fseries have been used
to measure the viscosity of the sample at diffetemtperature and shear rat-Series
viscometer is used to measure viscosity and shessssat lower temperature in 1
range of 5°C to 60 °C meanwhile-Series viscometer issed to measure viscosity a

shear stress at higher temperature in the ran§g°af to 120 °(

Operating environme : room temperature

Viscosity accuracy : 1% full scale range in use

Viscosity repeatabilit : 0.2% of full scale range in use
Temperature accura : £1°C: 100°C to 149°C, +2°C: 150°C to 30
Spindle number 2

16
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Figure 3.1: Brookfield Viscometer CAP 2000+ L-Serie

Experiment is started by measuring the viscositgadyol ester at different temperature
range of 5 °C to 120 °C and later on proceeded migasuring the shear stress at

different shear rate range of 100 rpm to 1000rppmdBe number 2 is chosen and the
methodologies are later on proceed with three afifeerent samples that are methyl

ester, sarapar and neopentyl glycol at specifigpeFature considering the boiling point

for each of the samples. Details are below:-

Table 3.1: Sample Chosen Temperature and ShealRRate
Chosen Temperature Range (2C) Shear Rate Range (rpm)

Sample

Polyol ester 5-120 100 - 1000
Methyl ester 5-120 100 - 1000
Neopentyl glycol 5-120 100 - 1000
Sarapar 5-55 100 - 1000

17



For temperature study, viscosity data (in centigpiare measured for every 5 °C

increasing temperature. Details of the methodolfmyymeasuring viscosity by using

Brookfield viscometer CAP 2000+ are as per below:-

1)

2)

3)

4)
5)

Cone spindle is put in the down position and to enaire the sample trap is
covering the spindle.

The viscometer is allowed to stabilize for at led@6t minutes at 25°C (low

temperature for L-Series) or at 60°C (high tempeeator H-Series).

At the end of the temperature stabilization per@anl of sample is dispensed
on the plate.

The viscosity test is run and the value is recondbdn the reading is stabilized.

The test is repeated again for three times to oldamore accurate value and

result.

For shear stress study, shear rate data are mdasutemperature 5 °C and 60 °C.

Details of the methodology for measuring shearssti®y using Brookfield viscometer

CAP 2000+ are as per below:-

1)

2)

3)

4)
5)

6)

Cone spindle is put in the down position and to enalire the sample trap is
covering the spindle.

The viscometer is allowed to stabilize for at led@6t minutes at 25°C (low

temperature for L-Series) or at 60°C (high tempeeator H-Series).

At the end of the temperature stabilization perdyl of sample is dispense on
the plate.

The viscosity test is run and the value is reconddn the reading is stabilized.

Print button is pressed to print out the shearsstrealue that is not being
displayed at viscometer.

The test is repeated again for three times to nkdamore accurate value and
result.
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3.2.3 CAP Viscometer

The Brookfield CAP series of Cone/Plate Viscometeffer high shear rates and
variable speeds in an instrument optimized for R&bid QC applications such as
paints, coatings, resins, inks, cosmetics, pharoimeds and foods. These series of
viscometers offer high shear rate with integraahgderature control for test sample
volume of less

than 1 mL. The CAP series operates with automathe@ap positioning and viscosity
range calibration and is offered as two models: AP0 and CAP 2000. The CAP
1000 is a single speed viscometer and has a fixearsate at 750 RPM on 50 Hz and
9000 RPM on 60 Hz and generates shear rates a@QL2y03,000 sec-1 at 60 Hz and
10,000 or 2,500 sec-1 at 50 Hz. Viscosity rangesfi25 to 100 Poise (0.25 to 10 Paes)
depending on the cone spindle used. In this projestometer CAP 2000 is used. Tthe
CAP 2000 is a variable-speed instrument and haabtarshear rate capability over the
speed range from 50 to 2,000 RPM. This instrumentkegates shear rates from 166 to
26, 600 sec-1 at viscosity ranges from 0.1 to 1,B6Be (0.1 to 150 Paes). Both the
CAP 1000 and CAP 2000 are accurate to +2% of thedale range and meet industry
test standards BS3900, ISO 2884, and ASTM D-4287.

3.2.4 Viscosity Measurement

The simple cone-and-plate viscometer geometry gesvia uniform rate of shear and
direct measurements of the first normal stressewdfice. It is the most popular
instrument for measurement of non-Newtonian fluidperties [19]. The working shear
stress and shear strain rate equations can bg dasived in spherical coordinates, as

indicated by the geometry in Figure 3.3.
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Figure 3.2: Cone and Plate Viscometer Geometry [9]

Viscosity is defined as the internal friction ofiaéid. The microscopic nature of internal
friction in a fluid is analogous to the macroscopomcept of mechanical friction in the
system of an object moving on a stationary plangiase. Energy must be supplied to
overcome the inertial state of the interlocked objand plane caused by surface
roughness, and to initiate and sustain motion efdhject over the plane. In a fluid,
energy must be supplied to create viscous flowsumyt breaking bonds between atoms

and molecules, and to cause the flow units to melative to one another.

The resistance of a fluid to the creation and nmotbflow units is due to the viscosity
of the fluid, which only manifests itself when nwti in the fluid is set up. Since
viscosity involves the transport of mass with aaiervelocity, the viscous response is
called a momentum transport process. The veloditfyow units within the fluid will

vary, depending on location. Consider a liquid tetw two closely spaced parallel
plates as shown in Figure 3.3 A force, F, appliedhe top plate causes the fluid

adjacent to the upper plate to be dragged in tleetibn of F.
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3.3 Gantt Chart/Milestone for the Second Semesterf @-Semester Final Year Project

No. | Detail/Week 1) 2| 3 4 § ¢ 7 3 10 112 13| 14
1 | Obtain sample
2 | Literature review
3 | Polyol ester studies A
4 | Methyl ester studies
5 | Sarapar studies
6 | Neopentyl glycol studies
7 | Data interpretation
8 Progress report 1
9 | Poster Presentation
10 | Dessertation A
11 | Final presentation A
A Milestone
|:| Proces
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CHAPTER 4

RESULTS & DISCUSSION

4.1 TEMPERATURE EFFECT ON VISCOSITY

Table 4.1: Effect of Temperature on the ViscosityPolyol Ester

Temperature °C | Viscosity 1 | Viscosity 2| Viscosity 3 Viscosity, 1 (cP)
5 167 166 169 168.6
10 139 142 141 141.0
15 115 120 121 119.8
20 106 110 104 104.4
25 89 88 88 88.4
30 80 80 80 80.2
35 74 74 73 74.0
40 69 71 68 69.8
45 70 69 68 68.8
50 68 66 66 66.4
55 66 65 65 64.6
60 64 63 64 63.4
65 56 52 54 53.2
70 52 48 48 48.0
75 46 52 51 51.0
80 55 50 52 52.3
85 52 52 40 48.0
90 38 51 52 47.0
95 49 51 49 49.7

100 51 51 44 48.7
105 46 35 50 43.7
110 45 59 50 52.0
115 56 51 50 52.3
120 58 54 52 54.7

The viscosity of most fluids decreases with anease in temperature. By measuring
viscosity at two temperatures (using a single dpiatd speed), it is possible to predict
a flow curve representing the temperature deperdehthe viscosity of a fluid. The
experiments were carried out at temperature 5°C2@°C without any additional of

additives with the aim of observing the effect enperature on polyol ester viscosity.
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The effect of temperature on the viscosity of TMRI gatropha oil methyl ester at
ambient pressure is shown in figure. As expectea viscosity exhibits an exponential
decrease with temperature, as illustrated by the. ddne synthesized polyol ester could
in principle be used as lubricant stocks at or abambient temperature if only the
viscosity were taken into account (and with the adad antioxidant/anti

hydrolysis/antirust packages) [21].

Effect of Temperature on Polyol Ester Viscosity

180 +
160 -
140 -
120 A
100 -
80
60 -

Viscosity, W (cP)

40 A
20 -~

0 20 40 60 80 100 120 140

Temperature, T (°C)

Figure 4.1: Viscosity vs. Temperature Plot for PbEster

In Figure 4.1, it is observed that viscosity is @@sing exponentially and achieved a
high stability at higher temperatures. The advasgamp thermal stability of polyol
esters are well documented and have been invesdigat a number of occasions. It has
been found that the absence of hydrogen atomseohdta-carbon atom of the alcohol
portion of the ester leads to superior thermaliktiais [20].

The presence of such hydrogen atoms enables a fawoairable decomposition

mechanism to operate via a six-membered cyclicrnmediate producing acids and
alkenes, (Figure [a]). When beta-hydrogen atomsreptéaced by alkyl groups this
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mechanism cannot operate and decomposition occara less favorable free-radical
pathway. This type of decomposition requires marergy and can only occur at higher
temperatures, (Figure [b]).

3)

(a)
HH © R H, o R HO
i N A s e N N
R -:lz-rlc-c:-c R /c\ | c—R—* /r: x_,H + C—R
.___\"] e f:{
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H H H
(b
SR PR L NS SR S S
| . 1 1]
Fi -:l, {l* 0-C H‘_.H-:lz—lc +'0-C-Rt— 'F=(|3+HD C-R!
R H R H R R

Hydraulic fluids of any type are designed to meetpacific viscosity classification.
Viscosity grades are defined by ISO standards doogto a fluid’s viscosity at 40°C in
centistokes (mAtsecond). The first criterion for any potential ngwelyol ester
hydraulic fluid is the viscosity of the base ediefore any additives.

If the base ester viscosity needs to be increaseaeet a specific ISO grade, polymer-
based rheological modifiers are often added. Sonesti called thickeners, these
additives not only increase a fluid’s viscosity lalgo increase its viscosity index (VI).
VI is a measure of a fluid’s viscosity change dsirection of temperature. Fluids with

high VI are less affected by temperature and dezred to as “multigrade”.
One drawback of using rheological modifiers is thiay can be very difficult to

dissolve in the base ester. A wide variety of paysmare available, but the selection of
proper polymer and the fluid manufacturing procagsdifficult.
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The desired outcome of research into new technedogias to design base esters that
would meet standard 1SO viscosity grades, have Vigtosity index values. Table 4.2

shows the data for effect of temperature on theogisy of methyl ester.

Table 4.2: Effect of Temperature on the Viscositiviethyl Ester

Temperature °C | Viscosity 1 | Viscosity 2| Viscosity 3 Viscosity, U (CP)
5 75 72 78 75
10 67 60 60 62
15 50 58 54 54
20 52 46 53 50
25 46 47 47 47
30 45 49 43 46
35 44 47 46 46
40 41 48 45 45
45 45 39 47 44
50 37 45 43 42
55 39 41 39 40
60 40 39 46 42
65 36 43 34 38
70 38 42 37 39
75 40 37 36 38
80 38 41 36 38
85 35 39 36 37
90 38 37 34 36
95 33 38 35 35
100 37 31 35 35
105 38 34 30 34
110 31 37 29 33
115 31 29 35 32
120 28 32 29 30
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Effect of T on Viscosity Methyl Ester
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Figure 4.2: Viscosity vs. Temperature Plot for Mgthster

In particular, sarapar drilling base oil recordecstarp increase in demand due to
increased drilling activities by oil companies. Fhipward trend is expected to continue
in the coming year with expected increase in od gas exploration and production
drilling activities. Table 4.3 below shows the d#&ba effect of temperature on the

viscosity of methyl ester.

Table 4.3: Effect of Temperature on the Viscosit$parapar

Temperature °C Viscosity 1 | Viscosity 2| Viscosity 3 Viscosity, | (cP)
10 56 61 55 58
15 55 59 56 57
20 58 53 53 56
25 50 56 58 55
30 49 55 48 52
35 49 55 47 51
40 54 50 47 51
45 46 52 53 51
50 45 49 55 50
55 48 46 51 49
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Effect of T on Viscosity Sarapar
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Figure 4.3: Viscosity vs. Temperature plot for $ara

Neopentyl polyol esters have not beta hydrogenshen formula, which are more
hydrolytically and thermally stable than diestei/ith excellent high and low
temperature property, high flash point and low ppaoint, neopentyl polyol esters are
suitable base oils for aviation gas turbine lubrichigh temperature chain oil, synthetic
air compressor oil and refrigerator oil which isngmatible with environmental

protection requirement.

Neopentyl glycol is mainly used to produce unsaagaesin, polyester powder coating,
oil-free alkyd resins, polyurethane foam plastigttis, elastomer plasticizers, synthetic
plasticizers,surfactants, insulation materials,ngomg inks, inhibitor and synthetic

aviation lubricant oil additives. In addition, teerare also applications in the
pharmaceutical industry. Meanwhile, neopentyl glys@lso a good solvent, which can
be used as selective separation for naphthenic bgdecarbons. Table 4.4 below

shows the data for effect of temperature on theogisy of neopentyl glycol ester.

Table 4.4: Effect of Temperature on the ViscositiNeopentylglycol Ester
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Temperature °C | Viscosity 1 | Viscosity 2| Viscosity 3 Viscosity, U (cP)
5 75 72 78 75
10 67 60 60 62
15 50 58 54 54
20 52 46 53 50
25 46 47 47 47
30 45 49 43 46
35 44 47 46 46
40 41 48 45 45
45 45 39 47 44
50 37 45 43 42
55 39 41 39 40
60 40 39 46 42
65 36 43 34 38
70 38 42 37 39
75 40 37 36 38
80 38 41 36 38
85 35 39 36 37
90 38 37 34 36
95 33 38 35 35
100 37 31 35 35
105 38 34 30 34
110 31 37 29 33
115 31 29 35 32
120 28 32 29 30

Effect of T on Viscosity Neopentyl Glycol Ester
140
120
100
80
60
40 -
20

Viscosity (mPa.s)

0 20 40 60 80 100 120

Temperature(°C)

Figure 4.4: Viscosity vs. Temperature Plot for Nexogyl Glycol Ester
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Figure 4.5 below shows the viscosity versus tempegacomparison between methyl
ester, polyol ester, sarapar and neopentyl-glgstér. It is observed that polyol ester
has the highest viscosity at all temperatures tacdmapared with other comparison
fluids that are methyl ester, sarapar, and neopghtgol ester. The bio lubricant

obtained from jatropha oil presents a high visgogihen compared with the mineral
lubricant oil that is sarapar because of the preseh small amount of triglyceride to be
compared with sarapar. It was not possible to nreafe viscosity of sarapar at higher

temperature due to its boiling point that is at@&2°

Viscosity Comparison
180 -
160 -
140 -
120 -
100 -

ea=mmVlethyl Ester
80 -

\ e Polyol Ester
60 - Sarapar

Viscosity (mPa.s)

40 esmmNeopentyl-glycol Ester
20 A

5 15 25 35 45 55 65 75 85 95 105 115

Temperature(°C)

Figure 4.5: Viscosity vs. Temperature ComparisotwBen Methyl Ester,
Polyol Ester, Sarapar and Neopentyl Glycol Ester

The ester linkage is an exceptionally stable orendBenergy determinations predict
that the ester linkage is more thermally stabla tth& C-C bond. Primarily, the thermal
stability of ester lubricants are dependent onpitesence of hydrogens on beta-carbons
(avoided by use of polyol esters) and the numbelr tgpe of hydrogens present. In
decreasing order of stability -CH3 > -CH2- > -Ci&enerally therefore, linear acid

esters are more stable than branched and short-alcaiesters are more stable than

29



long. Stability of the alcohol used for polyol estalso determines the thermal stability
in decreasing order of stability, PE > DIPE > TMRIPG.

In this experiment, it is observed that polyol estas the higher stability than
neopentyl-glycol ester (NPG) especially at all tenapures because the generally, TMP
esters of fatty acids have higher viscosity thaat tf analogous NPG esters, probably
due to the fact that there are three acid grougbkearstructure of TMP esters and only
two such groups in the molecules of NPG estershéfigiscosity is very desirable

property in view of their use as lubricants.

The viscosity of liquid with high viscosity indicehanges very little with temperature.
High viscosity is characteristic of compounds whit¢tave long, unbranched
hydrocarbon chains as example fatty acids of mastral triglycerides. From the
graph, it is clear that ester based on TMP areacheanized by better thermal stability
than NPG ester.

4.2 SHEAR RATE EFFECT ON VISCOSITY

Non-Newtonian fluids tend to be the rule rathemtliae exception in the real world,
making an appreciation of the effects of shear aatecessity for anyone engaged in the
practical application of rheological data. It woufdr example, be disastrous to try to
pump a dilatant fluid through a system, only to énav go solid inside the pump,
bringing the whole process to an abrupt halt. Whilis is an extreme example, the

importance of shear rate effects should not be neistinated.

When a material is to be subjected to a varietghafar rates in processing or use, it is
essential to know its viscosity at the projectedastrates. If these are not known, an
estimate should be made. Viscosity measurementddstieen be made at shear rates as
close as possible to the estimated values. Iteguiently impossible to approximate
projected shear rate values during measurementadtieese values falling outside the

shear rate range of the Viscometer. In this case necessary to make measurements at
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several shear rates and extrapolate the data fordfected values. This is not the most
accurate method for acquiring this information, ltuis often the only alternative

available, especially when the projected sheasrate very high. In fact, it is always

advisable to make viscosity measurements at seshedr rates to detect rheological
behavior that may have an effect on processingser Ln lubrication application, the

typical varying shear rate is between®1® 10 as example in gasoline engines
application. In this project the effect of sheaerswards the viscosity for polyol ester
and the comparison fluids is investigated. Figuré, 4.8, 4.9 and 4.10 shows the
individual effect of shear rate meanwhile Figur&l4shows the graph for comparison
of the shear stress data for all the comparisaddiu

Table 4.5: Effect of Shear Rate on the Shear StfeBslyol Ester

Temperature °C | Viscosity, u (mPa.s)| Shear Rate'ts | Shear Stress (Pa)

210 1333 280
176 2667 469
163 4000 652
158 5333 840

5 154 6667 1025
151 8000 1210
150 9333 1400
150 10667 1600
146 12000 1754
146 13333 1940
73 1333 97
57 2667 152
52 4000 208
54 5333 288

60 53 6667 353
53 8000 420
46 9333 429
40 10667 427
35 12000 420
34 13333 453
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Effect of Shear Rate on Viscosity Polyol Ester
250

200
150

100 =@=T=5°C

=fi=T=60-C
50

0 2000 4000 6000 8000 10000 12000 14000

Viscosity(mPa.s)

Shear rate (s?)

Figure 4.6: Comparison Effect of Shear Rate on &tdigter at Different Temperature

Table 4.6: Effect of Shear Rate on the Shear Stiestethyl Ester

Temperature °C | Viscosity, u (mPa.s)| Shear Rate'ts | Shear Stress (Pa)
65 1333 86
56 2667 149
53 4000 212
53 5333 282
5 45 6667 300
48 8000 383
39 9333 362
40 10667 421
46 12000 557
43 13333 575
59 1333 79
52 2667 139
42 4000 168
38 5333 203
60 30 6667 200
29 8000 232
27 9333 252
26 10667 277
28 12000 330
24 13333 325
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Effect of Shear Rate on Viscosity Methyl Ester
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Figure 4.7: Comparison Effect of Shear Rate on Mdister at Different Temperature

Table 4.7: Effect of Shear Rate on the Shear StfeSarapar

Temperature °C | Viscosity, 4 (mPa.s)| Shear Ratets | Shear Stress (Pa)
60 1333 80
59 2667 156
10 58 4000 232
56 5333 299
55 6667 367
51 8000 408
55 1333 73
53 2667 141
40 52 4000 207
49 5333 260
46 6667 307
42 8000 337
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Figure 4.8: Comparison Effect of Shear Rate on&arat Different Temperature

Table 4.8: Effect of Shear Rate on the Shear StieNgopentyl Glycol Ester

Temperature °C Viscosity, 4 (mPa.s) Shear Rate'ts | Shear Stress (Pa)
65 1333 86
57 2667 149
55 4000 212
54 5333 282
5 55 6667 300
57 8000 383
55 9333 362
48 10667 421
44 12000 557
40 13333 575
54 1333 87
42 2667 151
40 4000 220
39 5333 289
60 37 6667 366
38 8000 452
36 9333 515
35 10667 512
33 12000 528
29 13333 533
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Figure 4.10: Shear Stress vs. Shear Rate at 60°C
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From the graph of shear stress versus shear ratk thle comparison oil above, it can
be concluded that all of the liquid display a dasreg viscosity with an increasing
shear rate. This type of flow behaviour is somesimoalled “shear-thinning.” Shear rate
is the rate at which adjacent layers of a fluid mevith respect to each other, usually
expressed as reciprocal seconds. When the flypthced between two parallel surfaces
moving relative to each other, shear ratd {s equal to the relative velocity of surface

(m/s) distance between surfaces.

Shear stress is the frictional force overcome idirgd one "layer" of fluid along
another, as in any fluid flow. The shear stress @etroleum oil or other Newtonian
fluid at a given temperature varies directly wiliear rate (velocity). The ratio between
shear stress and shear rate is constant; this isatermed viscosity. The higher the
viscosity of a Newtonian fluid, the greater theahstress as a function of rate of shear.
In a non-Newtonian fluid, shear stress is not propoal to the rate of shear. A non-
Newtonian fluid may be said to have an apparerdogisy, a viscosity that holds only
for the shear rate (and temperature) at which tkeosity is determined. The shear

failure point in most oils is between 4,000 and)8,Psi.
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CHAPTER 5

CONCLUSION & RECOMMENDATION

5.1 CONCLUSION

Development of non-edible oil production can deseeghe risk of food security.
Jatropha(Jatropha curcas)s one of such non-edible vegetable oils which hgresat
production potential. It can be grown in very paoils or idle lands and it has seeds
with 30% to 40% approximate oil content. The Jateomil may be the key to
addressing the problems of energy and food seffegricy. Cultivating the Jatropha
oil does not only provide oil but can also ensina &gricultural lands devoted to food

production will not be diverted to fuel crops.

The viscosity of most fluids decreases with anease in temperature. By measuring
viscosity at two temperatures (using a single dpiatid speed), it is possible to predict
a flow curve representing the temperature depemdehthe viscosity of a fluid. In this

project, t is concluded that polyol ester has tighést viscosity at all temperatures to be
compared with other comparison fluids that are yletister, sarapar, and neopentyl-

glycol ester.

It is frequently impossible to approximate projectshear rate values during
measurement due to these values falling outsidstibar rate range of the viscometer.
In this case, it is necessary to make measureraésteveral shear rates and extrapolate
the data to the projected values. This is not tbhstraccurate method for acquiring this
information, but it is often the only alternativealable, especially when the projected
shear rates are very high. In fact, it is alwayasable to make viscosity measurements
at several shear rates to detect rheological behawiat may have an effect on

processing or use.
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5.2 RECOMMENDATION

The high price of biolubricants (both on the badisegetable oils and especially based
on synthetic esters) is the main restriction far tlevelopment of biolubricants at the
current time. They are generally between 1.5 antinfes more expensive than

conventional lubricants. Economical and environraebalance needs to be performed
in order to minimise the higher price i.e. econogost versus true cost. The market for
natural esters is increasing, but neverthelesaigtefforts are still needed from ester
base oil, additive and lubricant industry to depelmproved products which will be

generally more accepted by toxicologists and lagmh as well as by end users.

There is a necessity to develop more analyticdbrtaiade methods to better
understand the nature of lubricants and to betislyswhich are the modifications

occurring during their use. Simply transferring twell-known methodologies from

mineral oils to vegetable oils would result in amealistic picture of these products. A
preliminary chemical evaluation of base esters khoetect defects that may cause
problems during in-use operation. The compositiba material is a determining factor
of its viscosity. When this composition is altere@¢her by changing the proportions of
the component substances, or by the addition @rattaterials, a change in viscosity is

quite likely.
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APPENDICES

APPENDIX 1
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Figure Al: Chemical Structure of Polyol Ester
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APPENDIX 2

Table Al: Viscosity-Pressure Coefficients for a iégr of Lubricants

Viscosity-Pressure Cocefiicients for a Variety of Lubri-
cants

Lubricant Viscosity-pressure coefficient Gpa™'
I50 32 alkyl benzene 30.2 220
I50 32 napthenic mineral oll ~ 26.1 19.0
150 32 PE polvol ester 15.2 |24
[50 68 PL polyol ester 15.3 145
IS0 &8 trimellitate |6 & 139
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APPENDIX 3

Table A3: Compatibility Data for Esters

Compatibility Data for Esters

Suitable Marginal Unsuitable
Elastomers
Nitrile rubber (buna-N. NBR) only Nitrile rubber (buna-N, NBR ) with nitrile Nitrile rubber (Buna-N, NBR) with nitrile
if nitrile exceeds 36% content 30 to 36% content below 30%
Fluorosilicone rubber Polyurethane Natural rubber
Fluorocarbon (viton, teflon) Ethyl propylene terpolymer (EPDM) Styrene-butadiene rubber (SER)
Polyacrylate rubber Butyl rubber
Polyester (hytrel) Ethylenepropylene co-polymer (EPR) Chloros ulfonated polyethylene (very marginal 7)
Silicone rubber Palychloroprene (neoprene) ivery marginal 7)
Polysulfide ithiokol) Ethylene/acrylic (EAE)
Paints
Epoxy Oil resistant alkyds Acrylic
Baked phenolic Phenolic Household latex
Two-component urethane Single-component urethane Polyvinyl chloride (PVC)
Moisture- cured urethane Industrial latex Varnish
Lacquer
Plastics
Mylon Polyurethane Palystyrene
Fluorocarbon Palyethylene e
Polyacetal (delrin) Palyproylene Styrene (ABS)
Acrynitrile-butadiene (celcon) Palysulfone Styrene acrylonitrile (SAN)
Acetals Melamine Palysulfones
Polyamides Phenylene oxide (Noryl) Acrylic (lucite, plexiglash (very marginal?)
Polycarbonate (lexan) (very marginal?)
Polyphenyloxide
Metals
Steel and alloys Cadmium Lead
Aluminium and alloys Zinc
Copper and alloys Magnesium
Mickel and alloys
Titanium
Silver
Chromium
Tin
Teonel
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APPENDIX 4

Table A4: Polyol Ester Reactants Monobasic Acids

POLYOL ESTER REACTANTS
MONOBASIC ACIDS

Name No. of carbon atoms
Valeric, isovaleric 5
Hexanoic 6
Heptanoic 7
Octanoic 8
Perlargonic =
Decanoic 10
Stearic, isostearic 18
Oleic 18 (one olefinic bond)
Coconut 6,8,10 (mixture)
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APPENDIX 5

Table A5: Comparison of Properties of Some Synthgéise Fluids

COMPARISON OF PROPERTIES OF SOME SYNTHETIC BASE FLUIDS
Dibasic acid  Polyol Phosp.
Property ester ester Polyalphaolefin Glycol esters Polyphenylethy
High temp thermal stability 5 6 & 4 5 10
(Oxidation stability 7 8 6 4 5 6
Low temp fluidity 10 10 8 6 0 0
Volatility 7 7 T 6 6 8
Viscosity index 8 6 6 10 2 0
Hydrolytic stability 6 6 10 6 + 10
[Fluid range 7 8 7 6 4 2
Overall total = 50 52 30 42 26 36
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