CHAPTER 11
THEORTICAL CONSIDERATION

2.1 Lubrication [1] = —

The princip g a ‘lubricant are containment of
ictional effects. In order to
meet all of these requirex plement the base fluid with
additives of the followinggern
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Reﬁloval of heat

- Anti-oxidants

- Viscosity improvers



Reduction of frictional effects
- Antiwear additives
- Viscosity improvers and pour point depressants

- Anti-foam agents

- Friction modifie

2.2 Synthetic B

Modern engi nder extreme conditions
thus creating lubricatio W be solved by the use of
oW red
hydrocarbon components alon ?& eral oils or motor oils with

low pour point plus increasing @ Lrespect to oil quality, for instance

dé¢velopment of synthetic

lubricating fluids.

Combined requirgments, such a w viscosity variations and good
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cases only l’y special synthetic products.

Synthetic lubricants frequently satisfy special requirements such as
non-flammability, thermal stability, resistance to oxidation and radiation much
better then mineral oil products. They can be modified with respect to viscosity

grade, viscosity-temperature characteristics, high-pressure stability, low



tefnperature behavior, corrosion and foaming characteristics, thus making
possible the production of specialized lubricants. Commercial synthetic fluids
are not confinded to a single chemical type.

Among those of current commercial interest are the following classed:
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Such fagtors as temperature, oxidation potential and contamination with
water, unburned fuel fragments and corrosives acids limit the useful life of a
lubricant. It is in this that additives have made a major contribution in the
improvement of the performance characteristics and the extension of the

useful life of lubricants.



Today, the substances added to lubricants represent synthetic
compounds or mixtures which are known under the collective name of
additives. Some of the additives affect the physical properties of the base oils,

other have a chemical effect. They can assist each other resulting in a

synergistic effect, or they ¢ : , tagonistic effects. Many modern

additives have several fi  (multi §¢_additives) and thus reduce the
"_‘ ——

: \;\w 05! ion Inhibitor [4-7]

ibitor is the prevention of
deterioration associated with O tack on the lubricant base fluid. These

inhibitors function gi (chain breaking) or to interact

R

0 mechanism.

Among the widé€lysused anti-oxidants arc the phenolic types, aromatic -
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dithiophosphates (ZnDTPS).

with peroxides which B‘e in

Phenolic types, aromatic amines and orgonocopper antioxidants are
considered to be of the chain-breaking variety, whereas organosulfur
compounds, zinc dialkyl dithiocarbamates, organophosphorous compounds and

zinc dithiophosphates are belived to be peroxide destroyers.



The corrosion of bearing metals is generally considered to be due
largely to acid reaction with the oxide bearing metal. In engine operation, these
acid originate either from products of incomplete combustion of the fuel which

find their way into the lubricant as blow-by gases, or are produced from

oxidation of the lubricant.
Oxidation 1inhibitio reduce this tendency. Basic

dispersants can reduce lization of the corrosive

acids.

Other inhibitors PELY ) \ \ phate and the phosphorized
al \u ble of forming a protective

acid attack.

olefins not only inhibit o;

film on the bearing surfac

)

The‘mhlbltor eﬁime&l’cy of phenol is markedly increased

by subsumnonﬂuqﬁl ;mﬂﬂmoﬂ.’m‘im ——
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butyl and the para substituents is a primary alkyl group.

A variety of hindered phenols are produced commercially and
employed as inhibitors in transformer turbines and engine oils.
The major structural types which are commercially available are shown

in Table 2.3.1



Table 2.3.1 Major commercial phenolic antioxidants and their

application

Structure Application

Industrial Oil

ustrial Oil , grease

Engine Oils

P




Table 2.3.1 (Continued)

Structure Application

Industrail Oils, Engine Oils

aines are another important class of

antioxidants used 1 '-;.'.'....:.‘.;;_-a.'_;;a;;:;;;e:;;.;;::;;;;... i ts of the nitrogen atom
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are either two aryl or og group. | 7

The re Efﬁa % Wm dependent on the
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temperature. Undér low- tempexature co hc interaction with
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e.g. engine 011 an extended stabilization mechanism in the form of a catalytic

cycle has been suggested.

The major structural types which are commercially available are shown

in Table 2.3.2
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Table 2.3.2 Major commercial aromatic amines antioxidants and their

application

Structure Application

trial Lubricants, Engines Oils,

@ Transmission Fluids,
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nbricants, Greases

astrail Lubricants, Engine Oils,

%’W&nﬂ‘:
BIINYIAY

Organocopper antioxidants

A breakthrough in terms of controlling the oxidation of

automotive oils has been achieved with the introduction of organocopper salts.




11

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

the range of 100-200 ppm. in combination with ZnDTP or dithio-thiadiazoles,

organo copper salts control the oxidation of engine oils.

ydroperoxides into non-

on reaction.

radical products thus preyefitin: > chain " \

O] d: c mainly used as antioxidants

préssure activity.

although, like the Znk
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ophosphorus compound

ﬂﬂﬂ’)ﬂ&lﬂﬁwmﬂ‘i

QR AT T TS TR conooma

used to ‘tontrol oxidative degradation of lubricants. They eliminate
hydropéroxides, peroxy and alkoxy radicals, retard the darkening of lubricants
over time, and also limit photodegradation. These performance characteristics

may be of importance for polyalphaolefin, hydrocracked or severely

hydrotrated based stocks and white oils.
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Zinc Dithiophosphate [11]

Of greatest commercial importance in engine lubricants

are the zinc dithiophosphates which not only serve as anti-oxidants but also

provide both anti-wear and b protection. Both the alkyl and
aryl derivatives are emplo 1a Ikyl derivatives are generally

atives have a higher degree

thermal stability chars ds can be varied using

W
1 - \ Npo
different alcohols, 1.e.#pri N % \ d high vs. low molecular

=
weights. The principal a are Hro ._.'. ) exyl octyl and mixtures of
-

these. The effect of the alkyl ra f g{,w iz

more effective as anti-wear

of thermal stability but Both the anti wear and

al decomposition temperature

of zinc dialkyldithiop »‘;TT?-'-—'-_--F-m ------- ‘ able 2.3.3

y 0
Table zﬁﬁi gﬁxwﬁrﬁﬂfw ﬂ ;Tqﬂ.yj Decomposition Of

Y ZnDTPs
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Alkyl Radlcal Decomposition Temp.°C

Iso-propyl 196

4 methyl pentyl 2 197

n-Amyl 212
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Table 2.3.3 (Continued)

Alkyl Radical Decomposition Temp.°C
n-Octyl >251
The stability increases wi hythe ength of the alkyl chain and is lower

for branched chains than

) the same number of carbon

atoms. It should be po n{ed-o 4-3_-_ the overall performance

characteristic of the®Zni P/ are, - ily proportional to the
cs which are commercially

decomposition tempera

available are shown in
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Viscosity Index (VI) improvers are additives which
improve the viscosity temperature characteristics of oils, i.e. which reduce the

decrease of viscosity with temperature. Oils containing these additives combine
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the good starting and friction properties of thin o1l at low temperature with the
good lubricant properties of a more viscous oil at high temperature.

These viscosity improvers are generally oil soluble organic polymers
with molecular weights ranging from approximately 10,000 to 1,000,000. The

polymer molecule in solution is swo by the lubricant. The volume of this

swollen entity determines th : - to Wi ) polymer increases viscosity.
!J

The higher the tempera WC and the greater the

“thickening” effect of ance e “thinning” tendency

of the oil due to incredse U ! il a ditio viscosity improvement
characteristics, the perfo
shear stability or resistan fécha l‘ and on their chemical and
thermal stability.

With a given. system, the ‘shear stabi ity decreases with an

increase in molecular=weig

viscosity of the lubric E@ On the other hand the “t@lckemng power” of the

visasity lmpmvﬂ,uegy}qq B335 N SE ARG veigh for a giver

polymer ﬁo&omlc ﬁ must ﬂcn be estabhﬁbfed taking into
con51deratm|1 the shear stab111ty needs as h'l as theﬂwnna and oxidative

stability in actual engine operations.
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Polymethacrylates [12,13]

Polymethacrylate VI improvers are free-radically initiated
solution copolymers. The VI improvers for engine oils have a molecular weight

(M,,) of between 250,000 and distn' ion (M/M,) of between 3 and 4. The

olymer. Because free radieal solution istry can be used to produce a
polym v

broad range of molec

utility in virtually all idbrigfnifafehs wi re viscosity temperature modification
is desirable. This includesfboth mi -' -based applications and a range of

synthetic fluids

O m copolymer Vi improversﬂre produced by solution

polymerization ﬂ fhd H&}éﬂaﬂ ‘W@W&}qyﬁd‘}y soluble Ziegler-

Natta ca %sts The molecular weight (M, )of Q€P VI improvets is in the range

A AT DT AN evwere.

2.5. The newer tapered compositions tend to be slightly higher in molecular

of 50,000

weight with narrower molecular weight distributions (less than 2.0). OCP VI
improvers are sold both as solids (typically bales of about 20-35 kg. wrapped in

polyethylene) or more commonly as concentrated solution in mineral oil.
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These polymers are excellent thickeners in the bulk phase and polymer
content i1s limited by handling considerations to about 6-15%. OCP VI
improver are not themselves pour point depressants, but pour-depressed
versions are often sold. These are merely physical mixtures of OCP VI
improver with 2-3% of a conventional pour point depressant included in the

concentrate.

The excellent thi 1 %has led to extensive use in

achieving the necess ular aweights (better shear stability) have

products in  this g,enerm class include several

subclasses covﬁ%x&}:f})%(ﬁm wlﬂq diene, and either

random, block or star-shaped polymers. Theg, basic member is a random
copolym%ﬂyﬂr@aﬁim@m.um’i@nﬂg@ﬂ styrene and
40-50 wt% butadiene. For optimum thickening, it would be desirable for the
butadiene to polymerized with a high content of 1,4-configuration.

The final products are obtained by hydrogenation using a technique

which gives very high conversion on the butadiene-derived unsaturation while
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hydrogenating little or none of the styrene. Molecular weight (M,,) can be in
the range of 75,000 to 200,000 with distributions (M/M,) of less than 1.5.
Block copolymers of styrene and isoprene have also found commercial use.
Both diblock (A-B) and triblock (A-B-A) polymers, where A represents

ene. Hydrogenated styrene-diene VI

polyisoprene and B represents po

improvers have found their asoline and diesel engine oils.

They may also be use r ‘appl swhich have only moderate
0 S—

requirements for She?:y s\ tra »- ission fluids and aircraft
piston engine oils , sheag ' sta mands of many of the
specialty application s which are currently

available.

-

TES family of VI 1mprovms are styrene-fumarate

copolymers deﬁ%ﬁ%%%%ﬁ%ﬁ%@ 1:1 styrene-maleic

anhydride copolymer Only dispersant version ate available. The dispersancy is
provided%ﬁh’el @Mﬁrm&mnngluﬂmj ﬁ(ﬂdeﬁved from
N-(3-aminopropyl)morpholine. Molecular weight (M,) is in the range of
350,000 to 700,000 with a (M,/M,) of about 3-4. The final product is sold as a

35-45% polymer concentrate.
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These products are used almost exclusively in automatic transmission
fluids and multipurpose tractor fluids. Minor usage may remain in engine oils,

but this application is largely obsolete.

Concentrate-compatible PMA/OCP blends [19,20]

of conventional PMA and OCP

VI improvers. These normally 1ncompat1ble in

concentrated from, incorporation of a small

amount of polymethacyylai it copolymer. The final product is
%a, C t\ a polymer solids basis.
tributions of the two components

!
%

lasses. These product are used
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233 &our pomt Depressants [21]
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.ﬁ %méﬁ;ﬁ ﬁl ’ijﬁ ﬂ ‘ﬁlthjcrysgg of the oil at

low tempqature S phenomenon 1s associated wi lization of the

paraffin wax which is most often present in the mineral oil fraction.
In order to obtain lower pour points, the refiner removes wax
constituents which solidify at relatively high temperature by a process known

as de-waxing. To de-wax completely would reduce the yield of lube oil to an
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uneconomic level and also detract to an extent from the oil’s lubricant
characteristics. The de-waxing process is therefore supplemented by the use of
additives which lower the pour point of the oil.

The pour point depressants do not prevent wax from crystallizing from

the oil, but are absorbed on the wax crystals and thus reduce the amount of o1l

occluded on the crystal. The redu ion i e of the crystal permits flow of

A

the lubricant. There ar " Qsant additives of different

chemical species.

The major s creially available are shown

in Fig 2.2

Condensation Proc ) raff; I-" with naphthalene
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Polyacrylates

Figure 2.2 The major structural types of pour point depressants which

are commercially available
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These are the most widely used pour point depressants. R
in the ester has a major effect on the product, and is usually represented by a

normal paraffin chain of at least 12 carbon atoms. This ensures oil solubility.



The molecular weight of the polymer is also very important. Typically
these materials are between 7000 and 10000 number average molecular weight.

Commercial materials normally contain mixed alkyl chains which can be

branched.
2.3.4 Dete
escribed in the literature as
“detergents”. Since thet appears to be ne of effecting a dispersion of
particulate matter rath ciof Sicleanis any existing dirt and debris
, 1t Is more appropriate y mn iSpersants.
Materials of this type erally molecules having a large

il_section, oleophilic group,

&
¢ polar group serves as the

;

element which 1s attragted particulate goptaminants in the lubricant. Detergent

LN | EHQ B W N cuttonses, hensees,
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Sulfonates are the most widely used detergent additives followed by

hydrocarbon “tail”_an

serves as a solubilizes

phenates, salicylates, and phosphonates. Detergents have varying capacity to
provide engine rust protection. Rust protection is need, not only in low
temperature engine operation, but also for protection when the engine is not in

use. Sulfonates in particular provide excellent engine anti-rust properties.
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Phenates, in addition to detergency characteristics, provide oxidation inhibition
properties and a somewhat lower sulfated ash content at equal alkalinity when
compared with sulfonates.

Commercial detergents are generally available diluted about 50% in
amounts ranging from 0.5% to 30%.

/
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mineral oil and are used in engine oil ')

formerly by products of
the sulfuric acid treatiiengof 01} fra (ioRs in the manufacture of the white oils.

Currently, with high de fot den ergent o1ls, sulfonate production has

The structure_of the Ofganic yort he petroleum sulfonates i1s not
completely known, ﬁ. ! . trude oil, the structures
include varying progortions of aliphatic na@hthenic and aromatic

hydrocarbons. ﬂ %H&}%ﬁ%ﬁ w&&’}.ﬂ.‘jﬂne form of barium,

calcium and magnesmm salts. The alkaline earth,sulfonates can’ be prepared by

direct rezﬂlﬂo’f]t@ sﬂlﬂjﬂ Mch’]:ll moad'e]oahﬂromde or by
reaction of the metal chloride. Oil soluble sulfonates can be prepared which
contain metal highly in excess of the stoichiometric amount required by normal

sulfonate. Among the adventages of the basic sulfonates is the greater ability to
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neutralize acidic bodies in addition to serving as dispersant for particulate
contaminants.

The choice of sulfonate type is usually dictated by cost versus
performance. Alkylbenzene-bottoms-derived sulfonates are generally the least
costly (The term “bottom” refers to the

i omplex chemical mixture.).

They provide excellent performanc o@xetal derivatives in light-

duty engine service. T s1 \

alkylate sulfonic acid d€rivaf

esidue resulting from the distillation of

alkylbenzene primary produc

o dialkylbenzene primary

e In more severe engme

service.
Phenate

Samportant detergent polar
|

substrates namely phen es sahcylates and phospho ’I es are shown in Fig 2.3-
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Alkyl salicylic acid

Figure 2.3 The structure of Normal phenate, Methylene coupled

phenate, Phenate sulfide, Alkyl salicylic acid
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Figure 24 T hiopyrophosphonate and

The principal functi formed b tallic phenates in lubricating

oil formulation are acid temperature detergency and

3 . . o '=
oxidation inhibition. [ 7=+ X}

)

M“a W
’Qqu] a'ﬁﬂ ;:m uw;])g nﬂe:]ea Ejlal function.
They can be both a viscosity index improver and consist of two general types of
molecular configuration, i.e., those whose structure is similar to the ones

employed as viscosity index improvers to ensure oil solubility and those

containing “polar” compounds to impart the dispersancy characteristic. There
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are four different types of ashless dispersants:succinimides, succinate esters,
Mannich types and phosphorus types. The general formula of ashless

dispersants are shown in Fig 2.5
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Phosphorus dispersant

Figure 2.5 The general formula of ashless dispersants
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2.3.6 Anti-Wear Additives [1,4]

Wear is loss of metal subsequent change in clearance
between surfaces moving relative to each other. If continued, it will result in

engine malfunction. Among the principal factors causing wear are metal-to-

metal contact. Presence of abrasive "/}

te matter, and attack by corrosive
acids. Metal to metal contact ean be pre& the addition of film-forming

S J—
compounds which pr : ‘ hysical absorption or by

} ~ idely used for this purpose
N

and are particularly ':_ ., of wear involve train
mechanisms. These co vaIe . ader anti-oxidant and anti-
bearing corrosion additivess Other e lditives contain phosphorous,

engine and the lubricd@nt du e ﬁgine. Corrosive wear 1is

largely the result of acidiceblow-by products formed during combustion of the

e i s i P LBV EA L s o
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2.3.7 Miscellaneous Additives [28]

Under the category of the miscellaneous additive types

are included the anti-rust compounds and foam inhibitors. Chemicals employed
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as rust inhibitors include sulfonates, alkenyl succinic acids, substituted
imidazolines, amines, and amine phosphate. The anti-foam agents include the

silicones and miscellaneous organic copolymers.

2.4 Development of aumethdd for analyzing additives in synthetic

were extracted with methanol.

ler reduced pressured, crude
chromatography technique
was used for separati it : “id 4 T MeOH extract. Chemical
constituents of additives in thi :OH extract of synthetic lubricants
were analyzed by Iz e rared Sp :-——--:----fr— ---------- K- Spectrometry and GLC-

MS Spectroscopy to ﬁen 1y emical co mﬁ'nts. The molecular weight

JANEINER
YA GNP s

spectrometly is shown in Scheme 2.1.

of the base o1 lﬁSﬁtheﬁl-"-iubncants weke anaglzed ﬁ GPC-Evaporative Mass

Detector (EM



Synthetic Lubricant

MeOH Extraction

Base Oil of Synthetic Lubrican ~ Additives in Crude MeOH

olumn chromatography

GPC
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