CHAPTER I

THEORETICAL CONSIDERATION

2.1 Fats and Fatty oils [1,2] \\',

Fats and fany we@;r- substances of plant or animal
origin which consist DI :
Depending on the ¢@

of long-chain fatty acids.
ponent, they may be liquid
" become liquid at higher

Fats and 0 s are essentla]ly esters an&,j in the great majority of
m’mmmlﬂw tw W’ﬁe monoester portion is
usually les b 0 and may contain sterols, hydrocarbons,
alip w consists mostly
of EWﬁiﬁﬁmm‘ﬂ f the glyceride
molecule, e.g. certain fish liver oils.

Triglycerides of a single fatty acid do occur in natural oils, e.g. glycerol
trioleate (triolein), but by far the greater proportion of oils consists of “mixed”

glycerides. Mixed glycerides contain either two or three different fatty acids
esterified to glycerol, for example,
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H,—00C(CH,),CH=CH(CH,),CH, (oleic)
H—O0O0C(CH,), ,CH, (palmitic)
H;—OO0C(CH,), CH, (stearic)

and of very Iowjulatt \3 slut eal most organic solvents but
insoluble in water. S i}&le charactens&ly of common fats and oils are given in
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Lﬁnﬁu:ham fatty acids are mmmunl&suld as mlxnﬂ;s with one or major
oA Yo B BB g T 22

" Since the alcohol moiety is glycerol in all common oils and fats, the

differences in chemical and physical properties of the glycerides are dependent

on the nature of the fatty acid moiety. Fatty acids are classified mainly by chain

length and degree of unsaturation. Thus the common acids are short-chain (Cy-

Cy), medium-chain (about C,;-C,4), and long-chain (C,s and longer). The

melting point of the acids and their glycerol esters rises with chain length.



Table 2.1 The properties of common fats and oils

Fat or Oil lodine Saponification Titer of fatty
value value acids, °C

coconut 255-260 20-22
palm 196-210 36-45
olive 188-195 17-21
peanut 23-29
castor 3

rape 12-18
cottonseed 33-38
comn 21-24
sunflower 17-20
soybean 22-27
linseed 15-21
tung 31-37
beef tallow 41-47
herring 27-30

[ o/ i
Tlaﬂau:ﬂ ﬁt“{t] thé i3 alSo ises| Gut Solubility in water and in
organic sof¥ents decreases. Thus the urt—cham acu have appreciable
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plact%al purposes, nonvolatile at ordinary temperature and pressure and are
practically insoluble in water.

Fatty acids are classified as saturated (no double bonds),
monounsaturated (one double bond), and polyunsaturated (two or more double
bonds). The melting point of the acids and their glycerol esters decrease from

saturated to polyunsaturated, solubility increases, but volatility and boiling




Table 2.2 The properties of pure fatty acids.

Acid Formula Molecular | Melting point lodine
weight mp, °C value
lauric 43.5 0
palmitic 62.9 0
stearic 69.6 0
oleic 16 89.9
eicosenoic 24 81.8
erucic 33.5 75.0
linoleic -5 181.0
linolenic -11 2735
arochidonic - 335
oc-eleostearic 49 !
ricinoleic 5.5 85.2
point change only ﬁ ﬂmd acids are those with

one or more acetylenic Amplc) honds am:l those with conjugated double or

onds (CEHACHEC 148 o f Bt e« b

chain an epdxy, cyclopropyl, or cyclopmp;ny] group, or other variation in
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2.1.2 Extraction and Refining [2]

Extraction of oils from the vegetable material in which they occur is
accomplished by pressing or by solvent extraction. Both processes are widely
used. Prior to extraction by pressing, vegetable seeds must be finely ground.
The ground material is adjusted to a certain moisture content and warmed or




~ cooked in a steam-jacket vessel. It is then fed to the press. For solvent
extraction the seeds are ground in such a way as to produce the flakes rather
than very fine particles. The flaked material is then extracted in suitable
equipment by means of a low-boiling point solvent, usually a petroleum
fraction.

The crude oil from either ess 1s allowed to settle and 1s then filtered

to remove solid material s_\ ipids. Refining of the oil is carried

out to remove other Mﬁlaﬂsr '
number of proces yed : se, including treatment with
. process, known as deodorization, may
ists of O8ment with steam at high
remove volatile material such as

ty acids, and colored impurities. A

be applied to
temperatures and

residual solvent,

obtain a product with the dﬁ i ‘_ cter

il

mthlsstqrag pahno;landlts

synthesis. "'-‘" 7

z'zﬁ“ﬂﬁ[ﬂﬂ'immwmm
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yields two distinct oils : palm kemel oil is obtained from the kernel and palm
oil from the pulp (about 50 % oil). Palm oil is by far the more important of the
two. Palm kernel oil differs from palm oil, whereas palm oil has typically 32-
45 % palmitic and 39-42 % oleic acid in the triglycerides, and is thus more

used as raw matenal for

unsaturated.




Figure 2.1 (a) A plantation oil palm tree
(b) Palm fruits (right) and Palm kernel (left)
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2.2.1 Origin and Systematic

Palm oil is obtained from trees in Malaysia, West and Central Africa and
Indonesia, although some extensive plantations now exist in Brazil and other
Central and South American countries. It is used largely for edible purposes in

the countries of origin, and ﬂst ' e remainder is exported to Europe and the

United States. It is used in

sheet rolling. 7 /
The introd ¢/ 61

World War, when

shortening, margarine and soap. In

ing tin plate and in aluminium
ﬂh:l m}hﬂkmd was before the second
: ngeﬂ‘ o Mala'jia Today it is cultivated and

grown commercially’ 115 18 583 rats'i South and crude oil production is

arge amount of carotene it
ffetted by alkali refining, but
palm oil is blcachec‘ toa yellow color similar toi!}mt of other vegetable oil by

hydrogena m treatment with fuller’s
earth , by E ﬁmﬁfﬁp ent, or by oxidation,
mth arc m[asily destroyed.
It has Wjﬁgﬂmm / mj idation, and has no

drying properties. At ordinary temperatures of 70-80 ° F, it is semisolid. Its

consistency and melting point depend on the content of free fatty acids, because
the free acids are higher in melting point than the glycerides. To the palm oil
trade, oil with a relatively low free fatty acid content are known as soft oils,
whereas those with a high acidity are term hard oils.
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The composition of free fatty acid of palfn oil and their formulas has
shown in table 2.3.

Table 2.3 Nomenclature and formulae of common fatty acids found in

palm oil [1]

Common name . Formula % found
S d
aturate presm—
Myristic acid \%HZJHC{]DH 0.6-1.6
Palmitic acid N .'\ : 32-45
N
Stearic acid 3.7-5.5
Unsaturated
Oleic acid 39-42
Linoleic acid 6-9
Palm oil consist saturated fatty acids in

approximately bqudyai'hn its. Tt - pal mit@ acid and oleic acid. The
properties of palm oil gutlined in Table 2.4.

Thereffelb GV RV QPR foi  hence it is somewhat

difficult to dlymglush it in mixtures with hydrogenated fat Since palm oil or

hydroindl¥d e il bl s o ’Mﬂcﬂf}e@ 6dor after limited

nxldatmn its presence is often indicated, qualitatively, by the appearance of

such an odor during the course of stability or accelerate oxidation test.
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Table 2.4 Properties of palm oil

Properties Value

Refractive index, 40 °C 1.453-1.459
Melting range, °C 27-50
36-45

= ol

Sapﬂmﬁcﬂtlﬂﬂ "alllﬁ' "J .;_‘ , 196-210

Peroxide value 7 ) 0-0.8
lodine value 51-58
Hydroxyl value _ 7-24
Unsaponificablefhatiér &4/, 7 | 4 | 03-1.0

2.2.3 Industrial
The pa PPl 771_?":‘:_1.3 i in industry depend
principally upon tlﬂ i ufﬁalm oil may be summarized

as follows :

ﬂuEJ’mEJ‘i’l‘ﬁWEﬂﬂi
’Q‘Wﬁ?‘ﬂ“ﬂ’ﬂ 6 Sy )0 4SS por o

the médium and lower grades of palm oil being suitable. If such grades of oil
are employed, however, there will be a considerable reduction in the yield of
glycerin, a by-product of importance in soap manufacture. Increasing amounts
of high-grade palm oil are now being used in the manufacture of soap,
particularly toilet soap.
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Candles

Palm oil owes its application in the candle industry to the comparatively
high melting point of the fatty acids present as glycerides in the oil. The use of
palm oil for manufacture of candles is unlikely to increase on account of the
competition which the oil must meet from mineral waxes, such as paraffin wax.

Tin-Platin \\ '///
din-rlatng \,*"\ /
Palm oil is used &
for tin-plating, that i:
quality, the acidity

the United Stated of America,
se the oil should be of good
less than 7 percent, the

combined moisture & . ents ng ding | percent.

Palm oil is usedio s::ﬁz]j ’ ufacture of heavy grease, for
also wagon greases. The application of
palm oil in this mnnwugn‘i?_ miikely $0.expand on account of the use of

acidity thereby pre . The corrosion would be

likely to nccﬁ uﬁww tty acid was used.
R0 WHRANYY ...

satisfactory results, although its use in this connection is likely to remain
restricted to those countries in which palm oil can be produced more cheaply
than imported mineral oil.
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2.3 Lubricating Base Oils

2.3.1 Sources [6]

There are essentially two sources from which the base lubricant fluids
are obtained. These are (A} g of petroleum crude oil and (B) the
synthesis of relatively puqm pmpemes which are suitable for

lubricant purposes.

thereby preven ',ﬂ'lase smﬁm om i contact and suhsequenlly
causing surface dﬂgage One of the most lmpurfa{t properties of a lubricating

oil is its vi m aung films under both
thick and H%Qﬂ:ﬂm ec eal generation in bearings,
cyli i ﬁﬁre sealing effect
nfﬁmmim:L m;j t machines may be

started under varying temperature conditions, particularly at low temperature.

The basic concept of viscosity is shown in Figure 2.2 where a plate is
being drawn at uniform speed over a film of oil. The oil adheres to both the
moving surface and the stationary surface. Oil in contact with the moving
surface travels at the same velocity (U) as that on surface, while oil in contact
with the stationary surface is at zero velocity.
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SURFACS MOVING
AT VELOGITY "

FiLM
THICKMESS M

Cunce%ﬁ of dynamic viscosity.

b rdds uy #

[]
*“
3 |

e "'*jf.n
filar may @tah&ed as made up of many longers

each being drawn by the }a;yaq abum_il‘gi_a friction of velocity “U” that is

proportional to tt&dxstancc above the mm*mg glate.é:ygure 2.2 -Lower view). A
force (F) must he splied to the moving plate to ovefcome the friction between

In between, the

the fluid layers. Smce the friction is the rcsulf of viscosity, the force is
proportional to viscesity:

Annther {mpnrtant “function” of ' a 'lubricants’ is' to acf as a coolant,

removing heat generated either by friction or other sources, such as via
combustion process or transfer by contacting with substances at a higher
temperatures. In performing this function, it is important that the lubricant
remain in a relatively, unchanged condition. Changes in thermal and oxidative
stability which affect its ability to reach the areas involved will materially

decreases its efficiency in this respect.
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Containment of

The ability of a lubricant to remain effective in the presence of outside
contaminants is quite important. Among these contaminants are water, acidic
‘combustion products, particulate matter, etc., which generally find their way
into lubricants employed in various applications. Here again additives are

generally the answer in acmmphWese objectives.

2.3.3 The Principle Pioperties

The color
by comparing the
of numbered glass s

pravity is the _.__:_-_f-. the »f 4 Volume of the substance at

the standard tempe ture to tl1= mass of the samegolume of water at the same

¢
tempera | m ﬂ 4 Hpm?ww 15 15.6/15.6°C
(60!6(]“1-‘} e petroleum in ustry e ensuy of a pe!mlemn product, API

RN SER TR S R - e

gra bqb
API gravity = 141.5 -131.5
(degrees) sp.gr. 15.6/15.6°C

The API gravity value increases as the specific gravity decreases. Since
both density and specific gravity change with temperature, determinations are



17

made at a controlled temperature and then corrected to a standard temperature
by using a special table.

Viscosity, ASTM D445 [8,9]
Viscosity is the most signiﬁcant property of a lubricating oil. To meet a

particular application, wscus erally the most important controlled
property for manufacture a.% [p/

The viscosity ﬂf'Mj'S a Teasﬁ'—ns internal resistance to flow by
reason of the furcai-!uf"" iof b&\iﬁn-mlecules It decreases with

increasing temper: Gred e}q o:;ﬂtnbly with large increasing

pressure. The ex

oil and molecular weig ‘the e ent components.

viscometer. In geners ¢ used : the saybolt and kinematic

ViSCOmeters.

flow of a fixed m(n}unt of ml thra J_u a capillary'tube under gravitational force
Jally at 40 and 100 °C and

the units are ccntiswi(es
¢ o

sl ANANANEINT
.Mmm,mmm T2

increases, all lubricating oils film “thin out” or have lower viscosity. Likewise,
oils become thicker or more viscous as the temperature reduces. The higher the
VI, the smaller its change in viscosity for a given change in temperature. The
VI of an oil is calculated from viscosities determined at two temperatures by
means of tables published by ASTM. Tables based on viscosities determined at
both 100 and 212 °F, and 40 and 100 °C are suitable.
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Pour point, ASTM D97 [8,9]

Most oil contains some dissolved wax and, as an oil is chilled, this wax
begins to separate as crystals that interlock to form a rigid structure which traps
the oil in small pockets in the structure. When this wax crystal structure

becomes sufficiently complete, the oil will no longer flow under the conditions

of the test

The pour point is ﬂzg low ture at which the oil will just flow
under specified test conms angis r&quivalent to the tendency of an
oil to cease ﬂowmf vi
s . ..a ot' oil, an id_the physical structure of the
'_ ﬁf"the.uifib flow, the pour point of the
¢ at which flow ceases under the

-fed‘sy container. Since the size and

shape of the contal
solidified oil all influeg
oil is not an exac
importance of the pour point is
e likely to influence oil flow.

The ﬂashfp)mt is the 1
be bul'ﬂﬂd n g Lk !:nr:u *0US i.___

ugh vapor is produced to
posed to a source of ignition.

Normally, i Gl wsed 1 dettamine e sioci Bl i operating temperatures
e T T o e e
TR ifuningay

Qxldatmn stability [10,11]

The most important chemical aspect of lubrication is the degree to which
atmospheric oxygen can react with lubricants under various operating
conditions. The degradation of lubricants by oxidation can be lead to the

development of corrosive organic acids and insoluble resinous matter, and a
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marked increase in viscosity of the lubricant, all of which seriously impair the
efficiency of the lubricant.

The thermogravimetric balance (TG) is a recent technique developed to
evaluate thermal behavior of different chemical compounds. It is useful in

evaluating the effect of temperature on the weight loss of the compounds.

Applying the procedure to ba 1 pjiﬂ'crmt chemical structure has been
taken into consideration. %\

i SN2 |

The oxidation..poits—candbe “sed—as an indication for base oil

thermooxidation stabilityFadin. Fig ic difference between typical

- oxidation “ch the rate of weight loss
decreases due to ; ecular ‘weight oxygenated
compounds. y :’" -

- oxidative co u@.‘-ié’ we ght of oxygenated compounds in

milligrams which remains

i the pan of balance at the oxidation point. Higher

& FOOLL CvD Fos
3 Telsad QLINATI0=
STARILITY B0 TE
BET=DE

V88

BIyEEs BETE = 100 a)feim

=5 | swgereran
L TeEsass FTSRILITE
: FesTios

EvirpaaT o= L=8

Flmii BE3EBE "“'h-..____

Ll 3 i - x -
L

Figure 2.3 Comparison between typical model curves for both TG thermal

and thermooxidation stabilities
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The thermal stability curve shows that the sample first evaporates
gradually, and then faster indicating that sample decomposition occurred and
continued over ihe temperature range from 300 °C up to 400 °C where nearly
90 percent of the original sample weight is lost. Above 400 °C, the residue and

impurities start to be continued then remain stable up to about 600 °C.

2.4 Synthetic Luhnuntﬁ 12. ],///

Synthetic lubriCants > been used for y years. In the early 1930s,

the catalytic polymeri

gf‘l}n@ d\m the formulation of automotive
crankcase lubrics v

low temperature performance. These

pmducts were not commerciali f_ to the inherent cost of the new synthetic

Zom although the main
he general leum base stocks.
With the Emif;pllﬂn of the speclal clmumstances of World War I,

synthetic Iﬁ'lwm 1?1 WWT]T&Q&N until after the

war. In genéral, the improved properues nf lubricants achjeved with the early

W ﬁ ﬂwﬁ Tﬂcﬂ l}.r by improved
formulations based on min owever, the requirements for lubricants,

particularly military and aero-engine lubricants, to perform over increasing
temperature ranges, has stimulated the continuing development of synthetic
lubricant technology. Synthetic lubricants are now found in all areas of
lubrication such as automobiles, trucks, marine diesels, transmissions and

industrial lubricants, as well as aviation and aerospace lubricants.
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Many compounds have been investigated as possible base stocks for
synthetic lubricants. The major types are polyalphaolefins, alkylated aromatics,
polybutenes, aliphatic diesters, polyesters, polyalkyleneglycols, and phosphate
esters.

Other materials such as silicones, borate esters, perfluoroethers and
polyphenylene ethers are also

restricted due either to hi e@x
Some of the priman i
f

Table 2.5.

importance, but their applications are

ce limitations.

thetic lubricants are listed in

Industrial
Circulating oils
Gear lubricants T
Hydraulic fluids L t? ter, Polyglycol

ynthetic ester, SHF

' Sﬁ.hctic ester

Gas turbine oils B

(ireases

i mﬂumwwﬁwmm
Passenger engine oils Sg Synthetic es&g
comaRRuE) 7)) 1 Y| S 6
Gear lubricant
Brake fluids Polyglyml

Aviation
Gas turbines oils Synthetic ester
Hydraulic fluids Phosphate ester, Silicones, SHF
Greases Silicones, Synthetic ester, SHF
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HF : Synthesized Hydrocarbon Fluids such as polyalphaolefins,
alkylated aromatics and polybutenes
The primary pzrformance advantage of synthetic lubricants is the
extended range of service temperatures. Their outstanding flow characteristics
at extremely low temperatures and their stability at extremely high temperatures

Table 2.6

lubricants

ﬁﬁﬁ?ﬂﬂwsWﬂwni

E"*‘tfmmmm NN Y

2 : Very Good
3 : Good

4 : Moderate
5 :

Poor



Table 2.6 Comparison of some important properties.

ﬂfﬂiw eynihetic lubricants
w2

S —

Properties

Viscosity Index

Pour Point

Liquid range

Oxidation stability

Thermal stability

Volatility

Flash temperature

Hydrolytic stability

Corrosion protection

Miscibility with mineral oil

Solubility of additives

Toxicity

Biodegradability

| w] ] ]| ] B d] =] W] ] R =] =] T

] wl ] el sl B2 B =] w| 2] R R e O

pl 2] =| & &] W] O] O] L] W] R W] W T

£Z
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2.5 Synthetic Ester Lubricants [12,13]

Esters are now used :n many applications including automotive and
marine engine oils, compressor oils, hydraulic fluids, gear oils and greases
formulations. The inherent biodegradability of ester molecules offers added
benefits to those of perfannanc

g
The direct effect ; \M% on the physical properties of a

lubricant is to lower th ash point. This is due to strong

the lubricant together. The

ies such as :

dipole moments,

presence of the es

e solvency

e lubricity

U ¢ - Wy
PRI T 1A AN e o

compléx mixtures of naturally occurring hydrocarbons. Synthetic ester

lubricants, on the other hand, are prepared from man-made base stocks having
uniform molecular structures, and therefore have well-defined properties that
can be tailored to specific applications.

Many lubricant requirements are translated into specific properties of an

oil measurable by conventional laboratory tests, e.g. viscosity, evaporation,



Table 2.7 The major types of ester

" Diesters (dioates) dnmeucnd esters
R'OOC(CH;),COOR" \ R',R" = linear brunched or
\CI'HMR. mixed ﬂ[k]l'l chain
A8\ _ CH—CH;—CH=CH—{CH,),—CH,
n= 4 =adipates sCHy This is a typical structure
n= 7 = azelates encountered in dimer acids,
n= B = sebacales the ester can also be fully
n = 10 = dodecanedioates hydrogenated
Trimellitate esters (1,2,4-benzene tricarboxylate) — Phthalate esters (1,2-benzene dicarboxylate)
? : N L L LAl e
-OR’ R'R"R™ = lingar, branche X | C-OR R',R" = linear, branched or
@ mixed alkyl cliz 7 mixed alkyl chain
R"0-C ~OR* C-OR"
n n

T ﬂuaqwﬂﬂswaﬁﬂﬂ
fmmm 1 i |

CH;];Q‘CH;GCQR]; Neopentylglycol esters
R = Branched, linear or mixed alkyl chain

L4




Properties Diesters \\‘ ' Polyols Polyoleates
Viscosity at 40 °C, c5t 6 to 46 29 10 “ to 185 14 to 35 8 to 95
Viscosity at 100 =C, ¢St 2to 8 4 to § 13 to 20 3to 6 10 to 15
Viscosity index 90 to 170 120 to 150 120 to 130 130 to 180
Pour point (°C) -70 to -40 -60 to -9 -40 to -5
Flash point (=C) 200 to 260 o 270 ==-:.i i 310 250 to 310 220 to 280
Thermal stability Good ) v ll‘ good Excellent Fair
Conradson carbon 0.01to 0.06 | 0.0] to g,DE 0.1to D 40 0.2 to 0.7 0.01-0.1 -
s 1 ) ﬂﬂ‘fﬂ URTNY TR | Pow | swoo
Costs (PAC=1) 0.9 to 0.5 0.510 1.0 15tu20 1.2t0 2.8 2.0t02.5 0.6to 1.5

WWWWMM

9z
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flash point, etc. Other, more critical requirements are related to the chemical
properties of the lubricant, and many of them can only be measured satisfactory
by elaborate and expensive rigs specially developed to simulate performance.

A wide variety of raw materials can be used for the preparation of ester
type base fluids and this can affect a number of lubricant properties including:

® viscosity

= flow properties @‘ V///

e lubricity -""'"'"
e thermal stab

» hydrolytic s

* solvency

P
The viscosity of an este:
,il ",,,p‘r-ulh‘l i

. mcreasmgthem;e&ﬁ v

creasing.the number of.ester groups

-mc-@sfi\l&l ANENZUEINT

- mcludm groups in the molecular backbone 0./
HAANAS I VDA
Dne. disadvantage of very long chain molecules is their tendency to shear
into smaller fragments under stress.

Flow Properties
The viscosity index (VI) of an ester lubricant can be increased by:

« increasing the acid chain length
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» increasing the alcohol chain length

» increasing the linearity of the molecule

e not using cyclic groups in the backbone, which lowers the VI even
more than aliphatic branches

» molecular configuration, viscosity indices of polyol esters tend to be
somewhat lower than their diester japalogues due to the more compact
configuration of the polyol mole ~‘ : y/;/’

The pour puthncsﬁt cairbe deereased by:

—

e increasing the 2 / anching

e the positioniag - ching in the center of the molecule
gives better pour pui' i) / BeRd

« decreasing thg

« decreasing the intgral symmetry

As can be seen fiol _ 'isanatural trade-off between
viscosity index and pour pdﬁf:F ice by increasing the linearity of the

ester the wmm@_}mw the pous. point increases. Esters made
from mixtures of Morm : 3¢ the same carbon number)
have viscosity indichtes between those of the normial and branched acid esters,

but have lower pourspeints than esterssused from either branched or normal

acids ﬂuEJ'J‘VlEm‘ﬁWEJ’]ﬂ'ﬁ
Gumna\mm 1RIINYIRY

ster groups are polar and will therefore affect the efficiency of anti-
wear additives. When a too polar base fluid is used, it, and not the anti-wear
additives, will cover the metal surfaces. This can result in higher wear
characteristics. Consequently, although esters have superior lubricity properties

compared to mineral oil, they are less efficient than anti-wear additives.
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Esters can be classified in terms of their polarity, or non-polarity by
using the following formula :

Non-polarity index = total number of C atoms X molecular weight
number of carboxylic groups X 100

Generally, the higher the non polari we lower the affinity for the metal
o
surface. Using the ab&lﬂa

secn that as a general rule,

: ~Wm\;‘lmty Esters terminated by
c;B‘ua\ those made from branched

¢ \ﬁds/alcohols and esters of

increasing molecular weighi 1

normal acids or alceh

The ester linkage {5 an cxceptionally stable one; bond energy
s PH
determinations predmt that mmm thermal stableﬂ:anﬂzeC—Cbond
The ad of po

is well documen

ers compared to diesters
L . ber of occasions. It has
been found that the absence of hydrogen atoms the beta-carbon atom of the

v A TR
%ﬁm@mmm ANUNAL..

* processing parameters

» molecular geometry

If the final processing parameters of esters are not tightly controlled they
can have a major effect on the hydrolytic stability of the esters. Such processing
parameters include : acid value, degree of esterification, and catalyst used

during esterification and the level remaining in the ester after processing.
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Solvency

This can be divided into compatibility with additives and other
lubricants, and elastomer compatibility.

(i) Compatibility with additives and other lubricants

Esters are generally fully compatible with mineral oils. This gives them

three major advantages. First,
esters can be used in W
they can be blended-h_mmsraj i-synthetics) to boost their

performance. Seco Cadditive techno chnology.is based on mineral oil and this
technology is us fly dpplicable to ers: Third, esters can be blended

no contamination problems therefore

usly used mineral oil. In addition,

with other syntheties : a5/ polyalphaolefir -ﬁ’ﬁ)s). This gives esters great
ith- gives unrivaled opportunities to
balance the cost of a libgicant bl¢nd Against i performance.

Elastomers brought ;gﬁ:i:;m act with liquid lubricants will undergo an
interaction with the liquid. dgﬁs g

'"'r.i-" S

two possible km?_s};f mtemuon, cher

h the polymer network. There are

. absorpumﬂtf the lubnr.-.ant by the elastc&ér causing swelling

TR TITIIRN  ee e
’Q dtﬁubnﬂaﬂ!mlmgﬁcr[ l::j 1u¥nlm| aﬂm ﬁﬁj ::e: degree of

swellmg

e molecular dynamics of the lubricant ; linear lubricants diffuse into
elastomers quicker than branched or cyclic lubricants

e closeness of the solubility parameters of the lubricant and the

elastomer
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The “like-dissolves-like” rule is obeyed

e polarity of the lubricant. It is known that some elastomers are sensitive
to polar ester lubricants. The non-polarity index can be used to model
elastomeric seal-swelling trends for specific ester types.

Growing environm

% turned the treat to our waters into
polluted in many ways, for

t can
g efflient cail

a major issue. The

Environmental Aspects !!; |

evastating consequences for

between 0 to 3
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WGK 3

Esters geneml'y have the fo owmg rimlf;mgJJ
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The general biochemistry of microbial attack on esters is well known

and has been well reviewed. The main steps of ester hydrolysis, beta-oxidation
of long chain hydrocarbons and oxygenase attack on aromatic nuclei have been

extensively investigated. The main features which slow or reduce microbial
break down are :
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» position and degree of branching {whil:h reduces -oxidation)
e degree to which ester hydrolysis is inhibited

e degree of saturation in the molecule

» increase in molecular weight of the ester

Figure 2.4 shows the biodegradahilities of a wide range of lubricants as

measured using the CEL- 33— ’#//

2.5.2 Application Areas [13,14}
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pclyalphauleﬁnfcster blends, offer a number of inherent performance

advantages over conventional petroleum base oils for the formulation of
modern automotive engine oils. Practical benefits which may drive from their
improved engine cleanliness, wear protection and viscosity retention during
service. Fluid types used in the development of automotive crankcase oils,
either commercialised or considered for commercialisation, include PAOs :

more correctly hydrogenated olefin oligomers, organic dibasic esters,
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polyolesters, alkylated aromatic hydrocarbons, and polyglycols. Experience
from numerous laboratories of engine bench and vehicle test programmers
conducted over the last ten years has shown that a blend of PAO and an organic
ester provides an excellent base fluid for the formulation of synthesized
crankcase oils.

Low temperature viscosity rhaps the single most important technical
feature of a modern crankcase MBSC'T starts are a prime cause of engine
wear which can be %fed snlyéunedmtely effective lubricant
circulation. Furthermg 'cl&Mesmgly required to operate
pumdeh essential low temperature

reliable in arctic conidil

fluidity and, beca
lubricant efficiency &
especially important j
capacities and longer ¢

Two-Stroke Oils d/:? ;ﬂ—:ﬁ-

Ester lubgﬁnts (such as Cgﬁ MM{ }nd polyoleates) offer a
number of ad\raméps over mineral oils
stroke engine :ruxtml:s First, the efean-hum eherie‘enstlcs result in less engine

Zifsifﬁgﬁﬁi@ﬁmﬂﬁiﬁm s e
A R R e

esters can be used at 100:1 and even 150:1. This higher dilution factor results

icant component of two-

in applications such as marine outboard engines and chainsaw motors. Third, in
some applications, such as engines used to power snowmobile-type vehicles,
low temperature performance is important. In these applications, esters with

low pour point (down to -50 °C) are very suitable.
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Finally a 25% decrease in the amount of PAHs (polyaromatic
hydrocarbons) in the exhaust emissions of a two-stroke engine has been found
when a carboxylic ester has been used in place of a mineral oil. PAHs have
been found to be one of the major contributors to the carcinogenic nature of

exhaust emissions. Ester can also be used to reduce the level of smoke emitted

by the engine. |
W

Compressor Dils__"jﬁi ; 2 | ({-ﬂf__,

This sector of theanarket coyers amda.mgge of compressor types, used
for a number of different /D ters andMaIes have found their major
application in air ‘ lut caqts, but are also used in compressors
handling natural ga ocating co presso% where oils of rather higher

viscosity are preferre 'be uied Diesters and polyolesters

may also be blended w" | v‘b{mus COmpressor types.

Diesters have 1 1<
(10-13%, according to wscgs"sjﬁ w1_1 pared to mineral oil. Coupled with
their higher flash _]nd anto-lgmunn mm fijse properties make them

considerably saf f bricants to use | eir low ecotoxicity and
high bmdegradahlliﬂes can also lessen their cnﬂ‘onmental impact. Diesters
generally ha ('f es de temperature range
without meﬁﬁh ﬁﬂm ﬁ:ﬁﬁﬁnnitagc of esters is their

good thermal mnduchw%'ﬂjl allows them to conduct heat away from heat

ma Wibre] STy drbb itk dils) SPhifc Ik fues of 5-10%

h]gher than mineral oils enable esters to ‘soak’ up heat and allow the

compressor to operate at a cooler temperature.

Aviation Oils

The bulk of aviation lubricant demand is for gas turbine lubricants for
both military and civilian use. The requirements placed on jet engine oils,
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namely lubricating, oxidation and ageing stability, cannot be met by
hydrocarbon oils. The first generation of oils (type 1) were diesters but, over
the last 25 years, these have slowly lost ground to the more expensive (type 2)
polyolesters. Some diesters are still used in less-demanding applications, e.g.
for small grivate aircraft, turbo-prop engines, etc. Type 2 aviation gas turbine
lubricants are produced to a viscasity of 5 ¢St (at 100 °C). For some military
applications, where operabili W atures is vital, the corresponding

viscosity is reduced to FOBl

I —
2.6 Transuteriﬁm]nn [15,16]

‘ ¢ o | Q/ |
The @J’Axﬂs;ﬂm%uﬂ Eemﬂa:]lﬁsil which a fat or other
W TR 1TELY b 1103

an acid, an alcohol acts as nucleophilic reagent, in hydrolysis of an ester, an

surprised to find that one alcohol is capable displacing another alcohol from an

ester.

1139397 L2
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1 I 1
I
R—C-OR' + "OR" === R—C—OR" === R—C-OR" + "OR'
Ester A Alkoxide B (!JR' Ester B Alkoxide

Transesterification is catalyzed by acid (H2SO4 or dry HCI) or bases

(usually alkoxide ion). Fhe mechauisfiof these two reactions are exactly

quidminingms

AR AINIU UM AL

For base-catalyzed transesterification :

ﬂ 0
H"or OR" I
R—C—UR' + R"0-H =—== R-C-OR" + R'O-H



37

Transesterification is an equilibrium reaction. To shift the equilibrium to
the right, it is necessary to use a large excess of the alcohol whose ester we
wish to make, or to remove on of the products from the reaction mixture. The

second approach is the better on when feasible, since it is less wasteful of

mateiial.

The term ‘e 0 refexs (o ction of an alcohol and an
organic acid.
0
&
, * H.ﬂ,ﬂ
“OR
This reactio ersil 1S completion by the use of

. One method tc remove water
i5 to use a solvent, such futne with which it can form an azeotrope.

The acid and alcohol-can b reacted thermally, usually in the presence of
H:}l'" jetoi—Lo8 : sts include sulfuric acid,
p-toluene sulplmn‘@ aci _ ydrous sodium hydrogen
sulfate, phnsphnrﬁusﬁé‘dﬂs and stannous octanoate. After the ester has becn

formed, unifchdiefaeid m@%@wgm@ carbonate o calciu

hydroxide and removed by ﬁllrgtmn
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2.8 Literature Review

The potential of synthetic esters as lubricating oils was recognised as
early as 1936, and they were particularly investigated for use as instrument oil.
During World War II, a range of synthetic esters was developed. Amongst
these, esters of long chain alcoho

temperature lubricants. Theywer\ﬁ "

in Germany, but by 1950%11114{1‘}-1: ,
industry. The co
alkyl adipates,
sebacate.[12,13]

d diacids proved to be excellent for low
' t studied for use in gas turbines
pted worldwide in the gas turbine

Bt Ebncaﬁﬁm therefore blends, usually of

; ebacates, especially di(2-ethylhexyl)
iy @I?FGLS. blends of the mixed ester with

hydrocarbon oils, e

carbon atom of the stanmg a.lgﬁﬁpis

-
T

! and pentaerythritol with
stralght-r.,ham munoéarbﬂxyhc aclds'[.’!ll Their ﬁdvantagcs include not only

o ] LU
A S I R s

dihexyl esters of 5,7-dimethyl-1,3-adamantane dicarboxylic acid, increasing by

several factors the efficiency of a semisolid lubricant base on liquid
methyldichlorophenylsiloxane.[22]

Lubricants that are susceptible to microbial degradation were developed
in the 1970s for use in outboard engines. These lubricanrs were based on

synthetic esters, structurally similar to naturally occuring triglycerides, which
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~ increased their acceptability to the degrading organisms.[13] Ester lubricants
derived from natural fats and oils have received attention for use in automotive,
aviation and industrial applications. Palm oil is one attractive raw material for
providing synthetic lubricants.

In 1995, Phattanaphakdee, K. synthesized lubricating base oils from
palm oil by transesterification with alcohols such as 1-butanol, I-hexanol,

J‘_t xan % concentrated sulfuric acid as a
catalyst. The synthetic-monoester fro terification with 1-butanol

| ——
had . after hydrog index 0f181.84, a pour point of +6 °C, a
flash point of 21 on point Of 286.7 °C.[23] This result
indicates that the s

il can be use as a lubricating
base oils. Thus

o provide synthetic diester

ification and esterification.
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