CHAPTER 11

THEORETICAL CONSIDERATIONS

2.1 Lubricating Oils

2.1.1. Manufacturing

Lubricating juality \can «-_' dily. be made from paraffin-base

oils, but most oils are mixg \ slvent refining is required to
produce quality lubes. The Sa€icl STAY omotive Pogir ; (SAE) has classified lube

oils by means of a numbe: , change of viscosity with

temperature.
Very early lubficafts 7 sl sle distillation of petroleura to
o & o = ] Kl "
recover the iower boiling gasoline ons and leave a residue which was

useable as a lubricant. It was could be improved by additicnal

very simple processing ‘:;_ .
wax and aromatics. In this efa JERHE properties of the base oil

|
because virtually no additive s were used. .

UL (Y- m ioncof lube distillates from
the crude oil, leamgmeE isti! m5 Wax was removed by
chilling the dpbe.distillate m e presgés. Aromatics were
reduced h}f@ﬂﬂiﬂ 5 ﬂmimiﬁ Zj::hase. Finally,

finishing treatments such as adsorption of acid residues and impurities by activated clays

12 Sashponents, such as asphal
S pon asphalt,

gave further improvement in product quality.

These processes were mainly batch operations, labor intensive and
characterized by their hazardous nawre. They were not suitable for the great expansion in
production capacity which the industry was being called upon to supply. New technology
was developed which allowed continuous operation so that plants became much larger
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and could make more consistent quality products at lower cost. These new process
methods were based on the use of solvents: continuous selective solvent extraction for
aromatics removal was the process which replaced acid treatment and continuous solvent
dewaxing replaced the very labor-intensive cold-pressing technique.

In a modern refinery, most base oil plants are integrated with mainstream

production capacity for Iuhricant hase T

NN I
throughputs, in America amountin "~w-.%« $s thar

Scheme 1 indi€Ates Where 4 ub@uil plant fits into the process

flow-scheme of a typical ref \ hing. Although the scheme is
/ \ \\\ nt and other process units and

\\}\\ ,

oil refineries which produce a range of transportation and heating fuel products. Overall

very small part of total refinery

simplified, the inter-relatio

product stream is evident. In / ﬁ.te:is upgrading plant, such as
the catalytic cracker, compeie forffeédstot ? distillation. By-products from
base oil manufacture are laygcl Qrpotite ion streame. These interactions

are very important ts the logisfic s of making basc oils.

Base 0il manuif pre rg@ quantities of by-products, the
unwanted components of the ¢ 1—'§5 e a typical base oil production flow-
scheme in which the nuwmbers indicate the relative amotings oi interinediate and final
products throughout thé V :ﬁ " for the scheme is the
processing of the residue ‘ om atmospheric distillation of a good quality Middle East
crude. Starting wi m nly about 50% of the
original crude ml)ﬂETJ ﬁlﬂﬂﬂ{ﬁmﬁ each base oil grade is
produced, -:ml}r 24 of base vil resul
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Distillation : This is the primary process for separating the useful
fractions for making lubricant base oils from crude oil. Crude oil is distilled at
atmospheric pressure into components essentially boiling below 350°C. (gases, naphtha,
kerosine and gas oil) and a residue containing lube boiling range components. Thermal
decomposition is increasingly likely to occur at higher temperatures and so further

separation of the atmospheric residue into lube distillates is carried out at reduced

De-asphalting: T siduc k&m distillation is black and very

e O n“@ﬁc and resinous components.

gosity @il fraction, known as brightstock,

pressure in a vacuum distillation unit

viscous material because it ca

When these are removed, a
is available. Low molecular tive for dissolving the more
desirable components while I 3l as a separate phase. Liquefied
propane is by far the mostffregfiegt!yf used salvent fo haltmg of residues to make
lubricant bright stock, wheé® i ellower grade de-asphalted oils
which are more suitable for fedt:  Incisupg

Solvent extractie naﬂ_ﬁ’a =
method for improving oxidative sgg “‘
oils. The solvent selectively dissolves the undss ATOIM i}

Y]

(anes, as a separate phase (the

ion replaced acid treatment as the

ity/temperature characteristics of base
components (the extract)

leaving the desirable sate

raffinate). Solvent in cam ial use include sulphur dio e (historically important, but

rare nowadays), phenol (usé i in_decline st widely used) and N-
methylpymlidoneﬁ g,J m&ﬁm olidone is gaining in
popularity for new units and conversiofis because itchas the lowestgtexicity and can be
wed s owitpolirub Vb Yk 1 3 V121 6 £

Snlvent de-waxing: The material which crystallises out of solution from
lube distillates or raffinates is known as wax. Wax content is a function of temperature,
because as the temperature is reduced, more wax appears, Sufficient wax must be
removed from each base oil fraction to give the required low-temperature properties for
each base oil fraction to give the required low-temperature propertics for each base oil
grade. Naphthenic feedstocks, of course, are relatively free of wax and do not normally



require de-waxing. Commercial solvents used for de-waxing include propane, mecthyl
isobutylketone, and mixed solvents such as methylethylketone/toluene or methylene
chloride/dichloromethane. The use of paired solvents helps to control the oil solubility
and wax crystallisation propeities better than use of a single solvent.

Hydrofinishing: Hydrorinishing difiers from all the process steps used so

far because it is not a physical separation procedure. It depends on the selective, catalysed

\
hydrogenation of the impurities to form

ducts and is carried out under

relatively miid conditions. Yiclds of oil are high (at least 95%)

organonitrogen molecules beCAUSC they aie nsil:-lc for poor colour and
stability of base oils, while orgg ) hc retained because they tend
to impart natural oxidation stg
ed separation processes have

solvent-t \
' \\\ alytic hydrogenation a an

alternative means of removifig @hwanted comiponents fom the base oil. Hydrogenation

In recent yearsf s

acquired competition frof

may offer economic advantages o gives products that are clearly

differentiaied from conventional® e ofls. In fact. some of the processes
can go a stage further and actually cre t_,, ichly desirable coinponents, sc that
the resuiting tase oils hg r' o anything that could be

made by conventional “SGly .i‘_ on physical sepzration

|

processes.

2.1.2. lnhe.%uﬂrg;ﬂ EW]?W Ej‘qﬂ‘j
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Viscosity: Viscosity is a measurement of the internal friction within
a liquid: the way the molecules interact to resist motion. It is a vital property of a
lubricant because it influences the ability of the oil to form a lubricating film or to

minimise friction and reduce wear. Another method of defining viscosity is to measure



the rate of flow of the liquid through a capillary under the influence of the constant force

of gravity. This is the kinematic viscosity and is defined as follows:

Kinematic viscosity = Absolute viscosity

Liquid density

index The most

frequently used method for compar g'un of viscosity with temperature

between different oils is by caleuls ion of a dirfh ess number, know as the viscosity
. ‘ —

index (VI). The kinemati

temperatures (40°C, 100°

measured at two different
compared with an empirical

reference scale. The origi 2 and Davis (1929) was based

on two sets of lubricant oils g Sepaate\chude, of
Low-tefip: ! ¢ propert ,\ T @ sample of oil is cooled, its

viscosity increases in a predic UL LR ystais start to form. The matrix of

wax crystals becomes suffi oling to cause ar apparent

|
solidification of the oil, but it h "true phase change in the way a pure
compound, such as water, freczes: Meiny | hrie: have to be capable of flow at low

temperatures and a nupg m\} ed. Examples of these
properties are :- cloud pmnﬂw m

High- (%Eggraturﬂ Emgrues The high-temperature prupelﬁes of an

wonpwe L LI L

volatility, tlash po
i yj easured for the
igj, emulSification, foam

specialized ﬂ‘n;l

characteristics, pressure/viscosity characteristics, thermal conductivity, etc.

Chemical properties

Oxidation Degradation of lubricants by oxidative mechanisms is
potentially a very serious problem. Although the formulated lubricant may have many
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desirable properties, oxidation can lead to a dramatic loss of performance in service by
reactions such as:

e corrosion due to formation of organic acids

e formation of pelyiners leading to sludge and resins

e viscosity changes

o loss of electrical resistivity

Corrosion The lub can&& should not contain ccmponents

ey,

which promote corrosion of Metal parts r machine. The problems of

oxidation products leading to cg
Af// /8 )\ \\\

oil to form carbonaceous depg = / _
[ JRY i | e ?\ B"\i\ \n

removal of volatile compounts il the abstricet
Seal ca _d!l-;.f : _=\~= ften used in machines where

sure the tendency of a base
ests such as the Conradson

carbon residue test (AS ich remains after pyrolytic

they come into contact with rubbe 1 strength and degree of swell of

these seals may be aﬂ'ected h)r iniesas i:"r" ; r‘rf:i Various tests have been devised to
measure th’e effdﬂls 'Uf Bl ""‘,""‘;—— i dllbl LRdRLihL ‘.: it rent tem condiﬁnns-

-
- |

N

2.2. Common Additives 'm

Additives m%u ﬂgam Hmfm;] QIium lubricant. In most
case, the eﬁnﬂ ﬁr rmance in oné arsa k= slightly offseir by a decrease in
performance \‘mﬁ ﬂ&mﬁ%ﬂ@cﬂm to a gear oil

will increase the extreme-pressure capabilities but slightly decrease ihe oxidation life of
the product.  The addition of some additives may also reduce ihe demulsibility, which
would be undesirable in an application where water contamination is normal and water
separation is important. Shouid this be a potential problem in a circulating oil system, it
should be well noted by the oil supplier and equipment manufacturer.

Some of the most common additives for lubricants follow.



2.2.1. Oxidation Inhibitors

These types of additives decrease the rate of oil oxidation by reducing the
tendency of the hydrocarbons to combine with oxygen molecules, and as a secondary
effect. thev can reduce the tendency to corrode certain types of sensitive bearing
materials. Oxidation increases a lubricant’s viscosity and causes a chemical change which

gids. These chemical changes produce

results in the formation of peroxides x nd

elements which cause cormpswe aetio ,x : “j H'/t/_, aifires, catalytic metals, and exposure
to air increases the oil’s rate 6F6Xidation. After: ion inhibitors are depleted, the
rate of oxidation depends on_the* istance of the base oil. A quality
base oil will then oxidize r-qual:t_'g,r base oil. The self-

accclerating oxidation of hydy n which can be classified into

3 categories.

22.1.1 Oxidation of hyfiroflarbass a Io% Reallre (30-120°C.

The degradation is-d utocatalytic reaction which can bz
described by the well-eslg dlished free radical mechanism. It donsists of four stages:

e initia V ""

e propagat nufthe: adica camrcactmn@

Fﬁiﬁﬁimm WEANT
AHNBAD T RN I A e s

alk}rlhvdmpemxldes dialky!peroxides, alcohols, aldehydes, and ketones. In addition,
cleavage of a dihydroperoxide leads to diketones, keto-aldehydes, hydroxyketones and so

forth.



2.2.1.2 Oxidation of hydrocarbons at high temperature (>120°C.)

The model for high temperature oxidation can be described by Scheme 2.3

.

Volaiile '
low molecular weight

-Volatile
Volatile low molecular weight
hydrocarbon oxidation products
fragments -CO,

ﬂua NN T
ﬂﬁ']Mﬂ"iﬂ&uiﬂ'T’Fﬂﬂ’]aEl

Scheme. 2.3 Model of lubricant degradation under high temperature condition.
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2.2.1.3 Metal autoxidation of hydrocarbons

The decomposition of an alkyl hydroperoxide molecule occurs at
temperatures of about 150°C. Transition metal ions having two ionic valence states, such

as Fe'™", Pb™*" and Cu""™, reduce the activation energy of this decomposition process.

These ions must be present as metal soaps o ise they are not catalytically active.

'@gﬂs are phenolic and aminic

uced to control the oxidative

The mest widely used
antioxidants. Recently, organd=et
degradation of engine oils.

- Sterically hindered pheubls tuted in the 2 and 6 positions

\.

with tertiary alkyl groups®are nols. The most common

substituent is the tertiary buty '

Reaction meckanism Sterically | (VII) compete successfully with

the rate-determining steps of the

E.«‘ Oe

ROO e B U —) 1*' ©
ﬂUEJ’J“/IcEWﬁWEﬂﬂ 8

The resonanne—stabihsed %&nﬂi radical (MII1 pmfereréﬂléj scavenges an

ational p b o i ek Q%E&?cl

ROO® +>’\©)( > (stable <120°C.)
CHyY "OOR
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Table 2.1. Major commercial pheriolic antioxidants and their applications

Structure Major use

OH

)@ Industrial oils

oils, Engine oils

%@X@ﬂy INBISRETAS"

& :

AR IANB VAT o o

antioxidants used in lubricants. The principal substituents of the nitrcgen atom are either

two aryl or one aryl and a naphthyl group.

Reaction mechanism The reaction mechanism of diphenylamines is dependerit on
the temperature. Under low-temperature conditions (<120°C) the interacticn with peroxy
radical
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predominates.

ROO® N
—R —0 - ND + o@

According to the aboyg ylamine molecule eliminates

four peroxy radicals. By dg pr is four. In the case of a

sterically hindered monophg phenylamines perform better

as peroxy radical scavengergths atures of < 120°C. Under

high-temperature conditions ils, an extended stabilisation

mechanism in the form of a catalv1)
Table 2.2 Maior commercial 2 'f_;- pts and their applications

Structu ;4 % jor use

i - II = - * -
%—CH:"@ A 15iria llbﬂ nts, engine oils, aviation

mIs automatic transmlssmn fluids,

qwaﬂ%ﬁawni
ARTANN IO 8N Y
NH-©

O O] Industrial lubricants, greases

CH;,
NH—@—{‘H{
Industrial lubricants, engine oils,




- Organocopper antioxidants A breakthrough in terms of controlling the
oxidation of automotive oils has been archivea with the introduction of organocopper
salts. They can also act as pro-oxidants, and seveizl bench oxidation tests use copper or
copper salts as a catalyst in order to make test conditions more scvere and so shorten test

duration. The catalytic activity of copper ions, dominates up to 40 ppm of copper but in

the range of 100-200 ppm in_combinaignd with ZnDTP or dithio-thiadiazoles

Reaction mechanism Sper controls exidation may be outlined
follows . \\\
¢ Reduction in Fe'” goficafié " isation step because Fe™™ is

more active than Feg

e Copper ions elimi and peroxy radicals.

f BRIy ErdN
%ﬁﬁfﬂiﬁ}ﬁ S UBAINEI DAY s e

preventing tne chain propagation reaction. Traditionally organosulfur and
organophosphorus additives have been used for this purpose.

Reaction mechanism of organosulfur compounds The mos! important
reaction mechanism to eliminate hvdroperoxides is the acid-catalysed decomposition. The

catalysts are protic (RSO,H) or Lewis (SO,) acids:
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R,R,CHOOH —— I{IRZCHCI'O@HZWMREC:G
Ry = H or alkyl group
R[ @ R R"
RQ—L-DOH 2 ch—cHJH ——@mz—c 00-R
CH; CH; H ~H;0,-H CH,

RyR,C=CH, + polymers thereof

Organosulfur compOiics arethe we for the formation of the acid
catalyst. Compounds such hydr dwides to yield sulfoxides as key

intermediates for the stabil

- Zinc dialkyl di
antioxidants although, like the#n

punds are mainly used as
feme pressure acivity.

Reaction mechenism zeids, which serve as the catalyst tor
ionic hydroperoxide decomposition @xses (nro > oxidation of zinc dithiocarbamates

by hydroperoxides.  §g —— ->

]
-
L. |
[Rzﬂiﬂ]ﬂn e NoC—s—2

=S—C-NR 2
g

Rl hidk s
In addition zmr.: dithiocarbamat€s also act agsradical scavengers, whereas in the

literature Lﬂ ﬁf] aﬂaan iﬂ&%ﬁ ql}ml&lq“aﬂil‘? o destray

hydmpemxidas Areas of application comprise grease and engine oils.

- Organophosphorus compounds Phosphites are the main organophosphorus
compounds used to control oxidative degradation of lubricants. They eliminate

hydroperoxides, pcroxy and alkoxy radicals, retard the darkening of lubricants over time,



and also limit photodegradation. These performance characteristics may be of importance
for polyalphaolefins, hydrocracked or severely hydrotreated base stocks and white oils.
Reaction mechanism The major non-radical mode of action is the reduction of
hydroperoxides, especially under high-temperaturs conditions:
(RO);P + RjOOH —— (RO);P=0 + R,OH

Phosphites with substituted phenox¥ ffoups also behave as peroxy and alkoxy

radical scavengers forming relatively stable Pu€ufsy radicals, which again eliminate

peroxy radicals. a | —
ﬂ\*%\‘u; 1 4 CHg O
| CH,
(RO),P-C ‘
- R"I + CH" —-"D’l
CH;
o  Multifunctionda i
7~ 7
. il
- Zinc dithinﬂnsphates he dominating position of ZnDTPs as additives

for lubricating uils:H ) wﬁﬁ%’ﬂf T **ﬁ]ﬁ:‘ only do they act as
antioxidants, but th Fy i ilﬁl icaint, and protect metals
against corrosion. ZnDTPs are mainly used to formulate anti-wear hydraulic fluids and

wgineois. ) WIANTIIU NUTIVNETRE

Reaction mechanism The performance of ZnDTPs is strongly influenced
by the type of alcohols used for their synthesis. Table 2.3 gives an overview of the

variance of performance with type of alcohol.
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The way ZnDTP performs as an antioxidant is a complex interaction pattern
involving hydroperoxides and peroxy radicals. The performance matrix is additionally
influenced by other additives which are present in industrial or engine oil formulation.

Table 2.3 Structure activity dependency of ZnDTPs

Functian Property
\ Thermal  Hydrolytic
stability stability

Structure

Primary ZnDTP

[

S
Zrl S—II} (OCH3R); |2

satisfactory
Secondary ZnDTP
1]
Zn [SHF(DCHR,RZ};] . b | good
Aryl ZnDTP s |
Zn S'-P{O-/\:>— ),] modera J‘I" Ju very good bad
,._y:.—" RY')
In a model systen cOmprising froxidg and diverse ZnDTPs , it was

¥

demonstrated that the annn*dant mechamsavocceds by an acid-catalysed ionic

dmpion o114 81 ARSI TN B Gorcir s 0.0

dialkylhydrogendithiphosphate, (RD};PS;PL derived fmm the ZnI}TP

0 %’1&%&@@3&1 o :}mn Y

+ PhC(CH3),0H + PhC(CH;),=CH, + PhCL‘H3

Whilst the first four products are the result of an acid-catalyzed cationic chain reaction,
the acetophenone is formed by free radical mechanism.
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There are two inter-related mechanisms for the formation of the acid catalyst. In
the first, a rapid, initial reaction of ZnDTP and hydroperoxide forms a basic ZnDTP and a
disulfide.

A
4[(RO),PS;1,Zn + RYOOH —®  [(RO),PS,)Zn,0 + [(RO)PS,],
“ROH

[(RO),PS, Zn0

The ZnDTP then reacts
dithiophosphoryl radical:

addnmna] disulfide via the

i - . "" ¥
: \ + (RO),PS,®

Mr A\
2coift Gy 8.,

The kinetics of the reacfion resuit rapid decomposition of the

[{RG }IPSZJIZH 4

hydroperoxide provided "' cor
conditions the sulfur fﬂd],
leading to the catalytically acul;e acid:

AL mm HM
-0 A IUUIANLNAY ey o

mixtures of low (<C;) and high melecular weight alcohols (>C,) are used for the

"| is low. Under these
ea @ reacts with hydroperoxide

synthesis. If only one type of alcohol is used, R should contain at least five carbon atoms.
Organomolybdenum compounds Recent patent literature shows that

these compounds are of general interest in the engine oil area. They are anti-oxidanis and

in addition improve the frictional and anti-wear characteristics of the lubricants. Reaction

below outlines the synthesis of a typical representative of this chemistry.
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Overbased phenates and salicylates Both phenates and salicylates of
magnesium or calcium behave as antioxidants at high temperatures. The anti-oxidant
aciivity may be related to hydroperoxide decomposition by the sulfur in structure, and
peroxy radica! scavenging by the OH group in structure.

Addition of MCO, to phena'ca and salicylates leads to the corresponding

\‘\

J,

overbased products, which also act 3

Sulfur/nitrog : orus compounds  Other
multifunctional sulfur/nitroge pestilaft) hospl 1§ based-additives have antioxidant and
anti-wear properties.

These additives intergét b y “radics d hydroxides thus stabilising

industrial lubricants and eno

Qils containing pm‘afﬁmc :J”m arbons uto fﬂrm wax crystals at moderately

Howing. This is undesirable in

_f‘

n elements are removed by de:

low temperatures. These wk

applications where start-t the pour noint oi the oil.

r

Although many of the pa ing in the refining process,

some remain in the ﬁﬂ‘ ble and profitable by-
product for the ﬁmﬂﬂnﬁ mgh-mnlacular-v.e:ght
polymers which mhlb:t the formation of the wax crystals and therefote allow the oil to
flow at a Iua:rﬁxam 'ﬂem& mef]g mﬂqla but will lower
the tcmperaturP at which the wax structures start forming. They act through surface
adsorption on to the wax crystals. The resuiting surface layer of pour point depressant
inhibits the growth of the wax crystals and their capacity to adsorb oil and form gels. In
the absence of long interlocking crystals or swollen particles, oil can move freely through

any solid wax particles that are present.
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Pour point depressant additives There is a range of pour point depressant
additives of different chemical species.

(i) Polymethacrylates

These are the most widely used pour point depressants. R in the ester has major
effect on the pmduct, and is usuaily cpresen ormal paraffinic chain of at least 12

ubilit weight of the polymer is also
very important. Typically these"fiatetials a -j‘ *w:--aa and 10,000 number average

molecular weight. Commercial_mafCadls ormal y eontain mixed alkyl chains which can
be branched.

(ii) Polyacrylates

These are very similar

)| ﬂ'ﬁi"ﬁm

QWWNI‘T‘J‘ TN Y

{iv) Condensation products of tetra paraffin phenol
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Paraffin | —— P araffin

P araffin ﬂ_?lrlfﬁn

(v) Condensation product of a ch! - g E paraffin wax with naphthalene

2.2.3 Corrosion Inhibitors

These additives are uged | /sl mountsand the type used varies with the
finished product’s applicatio i improve the oil’s ability to
adhere tenaciously io steel surfage T nt moisture from penetrating the

protective oil film. The conditions” ce the onset of coiresicn are the

o T

entrainment of atmospheiig ¢ isture fi abustion of fuel, and stop-start
running coupled with tetiperature cyel = .,31' 2| engine, the problem is
exacerbated by cuntamm&n with fo ne. C@'usiﬂn inhibitors are added
Spﬂi’.‘-lﬁﬂﬁ.ﬂ}" to cope with this €lggfrochemical progess. These additives operate by creating

v iy ) S IR e of chmisr

surfactant moieculesﬂnhlch prevent access of the water and oxygen to the metal surface.
Carﬁ Sﬁﬂ!ﬂoﬁ ﬂtﬁm H % G‘W ﬁ ﬁq a:ﬁnate corrosion
inhibitor, an ¥mportant consideration is the problem of adverse competition with other
additives designed to adsorb on the liquid-metal interface. Extreme pressure and/or anti-
wear agents compete for the same sites as the corrosion inhibitor. Fatty amines are good
corrosion inhibitors in this type of environment. However, their adverse effect on the
performance of ZDDP additives often prohibits their use. Half esters or amides of
dodecylsuccinic acid and phosphate esters or thiophosphates are frequently employed. A

combination of inhibitors is sometimes used, for example fatty carboxylic acids or the
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dimer/trimer analogues of the unsaturated acids used in conjunction with an amine or an
amide and sarcosines. Shorter chain carboxylic acids and amines are used as volatile

corrosion inhibitors.

LIS .
LAy Ltd

e
1LS

IR

2.2.4 Antiwear Additives

When machine cofiaonen: --i----s-'-r---i-cr-, ication (where metal-to-

& =
additives are necessary. Good

metal contact can and nofmal 3

examples are high-pressurs draullc systems s and cngmes dithiophosphates or zinc

dialkyldithiophosph uff additives which
combine the effect Mﬂm ’lrl'? antiwear protection,
They are cl ﬁﬁm Tﬁ‘ q%m'e. Tricresyl
phosphate hﬁﬂﬁaniﬁnﬁ m};}l ﬁ:’;\sae Mosi of the
common symhetm anti-wear additives are compounds containing phosphorus, such as
zinc dialkyl(or diaryl) dithiophosphate (ZDDP), tricresyl phosphate (TCP), trixylyl

phosphate (TXP) and dilauryl phosphate. One of the most widely used of all additives is
ZDDP, which has anti-wear, antioxidant and corrosion-preventing properties. Like stearic

acid, ZDDP initially adsorbs on the metal surfuce and, in this state, has mild anti-wear

properties. Under the influence of heat, electron tansfer can take place to produce a
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chemisorbed film; the heat itself is generated by sliding. Similar mechanisms occur with
the other phosphorus compounds such as tricresyl and trixylyl phosphate.

Apart from ZDDP itself, there is also a variety of the dialkyl dithiophosphates.
The intermediate acid is neutralised with zinc oxide. If the intermediate acid is neutralised

with a different metal oxide, a different range of dialky! dithiophosphates are formed. The

exact range of properties of the product depe”ds on the metal atom and the alkyl group.
2.2.5 Extreme-Pressure Additives

Where film strength : teristics are needed to combat

high or shock loading of comfpaffofi€) sulfur \ forus-, and /or chlorine-based

additives are used. A sul the most commonly used

NN

extreme-pressure additive €5pg trial gear oils. Extreme-

i They chemically react with

pressure additives are activa
metal surfaces to form a filni6r §t ompound, \\ h gently wears or polishes off

rather than ailowing the mating loose, causing destruction. It

takes time for this compound to developim sery
e o

G mm—— 0

Table 2.4 Some successtulies

Dilauryl phosphate ~ ' Sulplﬁrisedaerm oil T
Dldndecyl phosphite hurised mineral oil

e I Yol Ak LT E L
Zinc dialkyl (&' diaryl) Chlo hlha xanthate
RS 50 31§ )
Phosphio-sulphurised fatty oils Chlorinated paratfiaic oils

Zinc dialkyldithiocarbamate Chlorinated paraffin wax
Mercaptobenzothiazole sulphides

Sulphurised fatty oils Chlorinated paraffin wax
Sulphurised terpenes Sulphurised oleic acid

Alkyl and aryl polysulphides

2.2.6 Detergents and Dispersants



These are the additives commonly used in engine oils to disperse the particles of
contamination created by combustion and help prevent the formation of harmful deposits,
such as sludge and varnish. Regular drain intervals and filter changes are essential to the
prevention of the particles depositing in the engine. The filter removes many of these

d tend to accelerate the rate of oxidation.

particles and products of oxidation which

clean up deposits already in the enPiae :
\ n, sulfonic acids or synthetic
&d. Various compounds of
barium, sulfur, and phospho ss detergents are also vsed.
e, some hydraulic oils. The
illustrated in Fig. 2.2. The

os the detergent polar substrate that

They are commonly found in
detergent polar substrate is made
hydrocarbon tail or the cleophili
acts as the solubilizer to enable th
oil. The other part of the dgie

i
cation. Many metals have Tizen

] :ﬂmpatible and soluble in base
| ead containing a metal

urrently, based on cost/
mmanly used metal are calcitn

performance, the three most* 1, magnesium, and sodium.

These metals have | m?] ﬁm ﬁiﬁwc barium materials.
In addition, barium Etj: e countries limit the
amount ofbaﬁuw;;] i s like moﬁmlsEJ,] a EJ

Hyd:ma{bon Tail Polar Head
Oleophilic Group Metal Attachment
Solubilizer Point

Fig. 2.2 Detergent polar substrate.
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The addition of ash-type detergent additives will increase the ash residue and can
be detrimental in applications where increased ash can cause in creased maintenance. In
engine application, where acidic conditions can easily occur, ash-type additives provide a
higher and more stable TBN (total base number) to more effectively combat corrosive
wear of the engine components. Detergent polar substrate types consist of four major

classes: sulfonates, phenates, salicylates, and phosphonates. Sulfonates are the most

widely-used detergent additives follawk \ - /‘, inates, salicylates, and phosphonates.
Detergents have varying capacity ’“-.. ide ‘énlmCatist protection. Rust protection is

needed, riot oniy in low-tempefatiife Enginc operation b it also for protection when the

engine is not in use. Sulfonates iaPas /‘ ‘i e - llent engine anti-rust properties.
;\

\\\

Phenates, in addition to detergg de 0> idation inhibition properties

and a somewhat lower s alinity when compared with
sulfonates. Some diesel eng n sulfated ash level in their

engine oii specifications. Ti# i while phosphonaie use is

minimal. These additives stru

Overbased sulfonates gref formed bty a complf-x reaction between a neutral metal

sulfonate and a mﬂﬂ%ﬂﬂ%ﬁ%wm wmg carbon.

LeR

Nermal phenate Methylene coupled phenate
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OMO ﬁ
Sx C—OH
R R R

Phenate sulfide Alkyl salicylic acid

dioxide in the presence of a prom alr:uhulm-tjrpe material. The
promoter dissolves a small a
with carbon dioxide to forn
their greater ability to neutralf
Dispersants are very g

Dispersants are non-metallic o

hich is subsequently reacted

e of the basic sulfonates is

modern engine oils today.
Fig 2.5 shows the stylized
suucture of an ashless dispersant less dispersant is similar to the
structure of a detergent in that the di iSPCTS 5 _ '.%f arbon tail or oleophiclic group
which enables the dispersank 16 be fully soluble in the bassloifjsed. The dispersant also
has a polar kead. The polly '

phosphorus, or nitrogen ato !| to the mo

fualnssigng

QWWMMMN?H’]Q{Z]EHGEJ

Oleaphulm Group

the inclusion of oxygen,

Fig 2.5 Stylized dispersant

The sludge and varnish-forming precursors, resulting as a by-product of engine
fuel combustion, contaminate the engine oil as they blow by the piston rings into the
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engine crankcase. Prior to the introduction of dispersants, these contaminants would settle
out on critical parts of the engine hampering operation and eventually requiring engine
overhaul. Ashless dispersants are designed to have their polar chemical heads attached to
rather large hydrocarbon groups. As shown in Fig 2.5 these polar heads interact with
sludge. The hydrocarbon groups provide the solubilizing action which maintains the

potentially harmful debris in suspension in the oil. Most dispersants currenily in use are

R
FIE_(I:H_E““HCHZC. e I (g
CHy=C” Bt TN P—(OCH;~CH—OH),
(A . -
i Sfus dispersant
Succinimiﬁ]' yp

e

Fig }ﬁa Structures of sppe dispersants
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2.2.7 Viscosity IndeX'Improvers ¢ . &
AR ANDAWANLANGINE, ...,

Anr oil ghins when 1t is heated
viscosity viscosity to change with temperature is called the “viscosity index.” The higher

the viscosity index, the more resistant an oil is to thinning with increased temperature. A
viscosity index improver will increase the oil’s resistance to thinning with increasing
temperature. Thus, a high VI oil will resist thinning better than a low VI oil. It has

resisted thinning with heat and therefore now has a high viscosity index. VI improvers are
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used in some hydraulic oils, transmission fluids, motor oils, gear oils, and many other

applications.

2.2.8 Defeamants

An oil’s tendency to foam will depend on the type of crude, refining, viscosity,

ension of the oil, allowing the small

air bubbles to combine into large bubbles and te into the air. Only the proper

2.3 Analytical Procedures

As described above, - Contained many additives ,

depend on their functions ,#€li des of vehicles, or any special

L

atograply or spectroscopy, were

purposes in which products car

Many analytical tschniq
employed to analyze the chemica s /eontaumed in the lubricants. Most of the
additives were added in the JuBricating base oil —-- so that they can hardly

7 A
ve observed by the commia I.y:_‘f Al "..h should be isolated before
being characterized b}r spe.c scopic techniques. The specif}

e el iﬁﬂ?ﬂlﬁ’mﬁ
The succas tibn fl]/;ectmacﬂpm methods

dcpends, in the first i mstance on the successful isolatien of fractions $ufficiently pure to

cnable thei aem B Nl oo s Bt i o

categories: ﬁnt, the preparative bui low-efficiency techniques of dialysis and classical

¢ isolation procedures were

liquid chromatugraphy using adsorbents or ion exchange resins and second, the analytical
scale but more efficient techniques of thin layer (TLC), high-performance column
(HPLC), and gel permeaiion chromatography (GPC). HPLC and GPC can be expected to
be increasingly nsed for routine quantitative analysis in process and quality control, while
TLC in particular is a useful aid to spectroscopic identification.
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Description and discussed applications of the various scparation

techniques.
2.3.1 Dialysis

Dialysis is a very useful initig) separation procedure since it provides a

carboxyiates of molecular weighislesSihan 1 Dhieradditives, such as sone ashless

dispersants, in the molecule alyse slowly and , under the

test conditions which will sk pear in both fractions, i.e.,

the dialysate and the residug his separation, the process of

i
dialysis destroys the colloidal age and yields two fractions
which, in contrast to the colloidalim omatographic analysis.
The apparatus used is Sho to 10 g oil is weighed into a
surgeon’s rubber fingercot, wh-"h 7 _ washed with isopropanol to
remove excess talc and allowed t Y f of nitrogen. The open end of the
fingercot was tied with u V % gercot holder. The stuff is
: i? ass stopper to prevent the
fingercot from hmckmg the en ce of the sidearm. The ariple in the fingercot was then

et v S TN mﬁl?'lfﬂﬂﬂll‘éi:fi‘! —
plymer W“lm‘ﬁ“ﬁrﬁ‘ﬁ?ﬂ‘ﬂw YA Y

placed in the soxhlet extrac
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Separation by disple yomatograpt y in a column packed with
silica or Florisil using a seri€s of'¢ : Creasing polarity is a useful way
of separating polar additives fiOm g i Fvdedoe ' oil in macro quantities, i.e., on a
scale such that further substanti &

more usual to carry out this technigiie or the sa *-:- carbonate is absent, or on

i be carmad oui on the fractions. It is

the dialysate. It can also 5)’*’"‘"‘*:?“““““’"*'"“ ‘ esidue, but the stronger

acids, i.e., carboxylic or s lll . mified, so it is preferable to

separate the hydrelyzed d:alymg residue in columns packed w:th ion-exchauge resins.

233 \mhaﬂyﬂ"] 7] qunjw Ejnﬂ‘j
m:mmm SN o e o

solvents, so the extraction by the polar solvents was employed to isolate the polar
additives from the lubricating oil. In this research, the polar solvent used is methanol by
shaking mcthanol with the formulated oil about 5 minutes in the separatory funnel. Wait-
until the mixiure separates into two phases. Separate the methanol fraction out, evaporate
this fraction then take the residue to analyze furthermore.
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2.3.4 Solvent Precipation

The solvent used in this method is MEK (Methyl Ethyl Ketone). This
procedure can be carried out by pour MEK into formulated oil gradually until the white
precipate formed fully. Separate the precipate out , evaporate solvent out and then Lake the
precipate to analyzed furthermore. The precipate occured in this procedure is the

polymeric additives or copolymers the viscosity index improver in the

Dispersants or défegfets Gstalls have the mca.rbun tails attached with
polar ends. Such these ad . of hydrolysis reaction with
acid or base to convert the i hich dissolves in water then
neutralize the sclution and re-¢ sroper solvent.

2.4 Liierature Reviews
Many anaiytical V .“ e additives in petroleum

I

products. ]

In 1960, mﬁlﬁ] f-ten«bu 1-p-cresol which used as an
antioxidant in gaso ﬂ i [23].

In 1961, Sc er and Delves exarhined alkyl Jead compounds, and antioxidants in
perleom R o} R ﬁ%ﬁé&mﬂé& weae

In 19615, Geldern detects zinc dithiophosphates directly in oil by TLC method,
after converted to the corresponding ammenium salt [25].

Webster et al. [26] have studied the behavior of metal deactivaters found in
aviation lubricants and found that they produce colored complexes with the metal form of
Amberlyst 15.
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In 1992, S. Ashraf analyzed lubricating oil additives by supercritical fluid
chromatography on open tubular and packed capillary columns. Carbon dioxide and
modified carbon dioxide were used as mobile phases and detection was accomplished by
flame ionization and micro UV [27] .

J. Garciaacton |28] determined zinc in lubricating oils by polarography of

emulsified samples and bubbling nitrogen ugh the emulsion.

ﬂ‘UEJ’JVIEWI?WEJ"Iﬂi
ammnimumwmaﬂ
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