Lubricants

Anybody can become hngﬁ — that is easy ; Y. wil i

; 4 asy ; But to be angry with the right person,
and to the right degree, and at the right time, and for the right purpose, and in the
right oay — that is not within everybody's power and is not easy.

J INTRODUCTION

In all types of machines, the surfaces of moving, sliding or rolling parts ru
_against each other. This mutual rubbing of one part against another genera
frictional force which offers resistance to the relative motion of these surfaces. Wea

results when this resistance is overcome by applied forces. Hence, friction causesa
lot of wear and tear of surfaces of moving/sliding/rolling parts which conse-
quently require repeated replacement. Friction also generates heat which gets dissi-
pated therety causing loss in the efficiency of the machine. =
These drawbacks of frictional resistance can be minimized by applying a thin:

layer of certain substances, known as lubricant in between the moving/slid-
ing/rolling surfaces. A lubricant may thus be defined as a substance which reduces
the ion when introduced between two surfaces and the phenomenon is known':
as Jubrication.

FUNCTIONS OF LUBRICANTS

(i) The first and foremost function of a lubricant is to reduce friction. Let
consider two steel blocks one on top of the other. Both the steel blocks have smooth-

Fig. 1. Lubricants reduce friction.
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E ground surfacés. Top block can be made to slide over the bottom block by appl.ying
force. It is experimentally found that less force is required for this sliding motion
when the two steel surfaces are separated by some lubricating oil.

‘This can be explained by careful analysis of steel surfaces under powerful
microscope. This study reveals that steel surfaces actually exhibit minute peaks and
-valleys that interlock to prevent the blocks from sliding freely. These peaks are
known as asperities. The force required to overcome the resistance created by the
interlocking asperities and to slide one block past the other is known as the
Frictional Force. As is shown in Fig. 1, when the two steel surfaces are separated by
some lubricating oil, the small peaks and valley do not interlock, and the top block

" slides vepyfreely over the bottom block. =

B’%reduces wear, tear and surface deformation because the direct contact
between the sliding/moving surfaces is avoided. Without the intervening lubri-

. cant, some of the small peaks would be sheared off-as one block moved over the

. other. Eventually, this would result in wear, tear.and surface deformation.

. In actual machinery, excessive wear on any part may result in malfunction of
the entire unit. Bearing wear can induce gear misalignment, and in the mill itself,
may affect product shape and quality. On an extreme case it may result in break-

ages,&%iamage and costly delays.

¥/ Tt acts as coolant to carry away heat. In a machine, frictional heat{/is<
always produced at the point of contact between the rubbing parts. Cool gil' flowing
over the heated surfaceabsorbs and carries the heataway. In high speed, high-load
sleeve bearings like those used in backup roll serve in hot and cold stri;;,ﬂsh/&kﬁd
tin mills, the heat generated within the oil film is very high because the_ films are
very thin and shear rates are high, but as shown in Fig. 2, cool oil _ﬂowmg thmug_h
the unloaded side of the bearing meets the heated oil and returns it to the reservoir

at a much lower temperature.
e

::; " C—) FOWOFOL

Fig. 2. Lubricants carry away heat.
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(v) Sometimes, it acts 4s a seal. For example,

the lubricant used between the Piston and the cylinder wall acts as a seal. This seal

Prevents the leakage of gases under high pressure from the cylinder.
(vi) It reduces the mainten :

rust and csrrosion. Generally, |

provide a Frotective residual film to ward off

substance.

(vil) It transmits fluid power.

s The hydraulic lift that raises autﬁmobih‘s in a
Service station uses a plunger or pi

ston inside a cylinder for transmitting power or
force by means of petroleum oil. The petroleum oil also-protects the sliding,
contacting surfaces. The viscosity of petroleum oils for this function is low. More-
over they zquire to be anti wear, rust and oxidation inhibited.
- (viii) As the use of lubricant minimizes the liberation of frictional heat hence it
avojids seizure of moving surfaces and expansion of metal. It also reduces loss of
T8y in the form of heat. Hence, it improves the efficiency of the machine.

" MECHANISM OF LUBRICATION

Lubrication mechanism can be classified into following types :

(a) Husrodynamic Lubrication or Fluid Film Lubrication. In this, the mov-
ing/sliding surfaces are separated from each other by a bulk lubricant film (at least
1000 A° thick). This bulk lubricant film prevents direct surface-to-surface contact so
that the small peaks and valleys do not interlock. This consequently reduces friction
and prevents wear. Fluid film lubrication is shown in Fig. 3(a). The small friction (if
any) is only due to the internal resistance between the particles of the.lubn'ca.nt
moving over each other. In such a system, friction depends on the ﬂucknss &
viscosity of the lubricant and the relative velocity & area of the moving/sliding

{ 83 force required to cause motion (Ey .
surfaces. Tre coefficient of friction = Applied load (W) is as low as

© 0.001 to 0.23 for fluid film lubricated system in comparison to 0.5 to 15 for :

unlubricated surfaces.

Thick layerof - Bulk lubricant Boundary film
lubricant

OR

Flg. 3. Fluid flm Lubrication ~ Burfasss separaiud Wy Bulk Ll Hount Hifm

between a bearing and a rotating journal. Fig. 4(a)
bottom of the bearing before motion. Fig. 4(b) shows the oil film which separates
the surfaces when the journal rotates. Fig. 5is a simplified drawing of this process,
that shows how, after start up, the journal begins to climb up one side of the
bearing ; as'its pumping action draws oil under it, the journal is forced to the
other side by the “oil wedge”. At start-up, the coefficient of friction is high in the
presence of boundary lubrication. After start-up, however, the coefficient falls
rapidly. This is due to the fact that metal surfaces do not come into direct contact
with each other. The resistance to movement is only due to the internal resistance
of the lubricant.

inan internal combustion engine, -
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Let us now consider how the hydrodynamic film is actually generated

shows ajournal resting on the

(a) Journal at rest (b) Journal in motion

Fig. 4. Formation of oil wedge in a bearing.

Fig. 5. Formation of fluid film in a plain bearing.

ing machi icate and scientific
ight machines like sewing machines, watches, clocks, delicate an !

vinstmments are provided with fluid-film lubrication.

Fluid film lubrication is satisfactorily done by hydrocarbpn ois, These are

1 i ar b0 Maliiain viscoalty of .
WItR long ahain poiyri i order fo o

lt7he oil constant in all seasons of year.
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: ‘This is necessary also because the viscosity of hydrocarben oil decreases with
fise in temperature. Hence, an hydrocarbon oil might be satisfactory when an
engine is cold but it may become too “thin” to maintain an adequate lubricant film
at normal runring temperatures.

The viscosity of hydrocarbon oils increases with increasing molecular weight.
Hence, for different applications, appropriate fractions from petroleum refining are
blended to meet the requirement. But these fractions generally contain small
quantity of unsatureted hydrocarbons which get oxidised under operating condi-
tions, forming gums. Hence it is essential that antioxidants (like aminophenols) to
be blended wita hycrocarbon oils

In practice, some decomposition of these hydrocarbon oils might occur lead-
ing to the formation of solid carbon particles. Organometallic ‘detergent’ com-
pounds need to be added in the oils to keep these carbon particles in suspension in
the lubricating oil

(b) Boundary Lubrication or thin-film lubrication. When the lubricant is not
viscous enough to generate a film of sufficient thickness to separate the surfaces
under heavy loads, fr:iction may yet be reduced with the proper lubricant. Such an
application is known as Boundary lubrication. Solid lubricants, greases and oils with
proper additives fur ction in this manner

A thin laver of lubricant is adsorbed on the metallic surfaces which avoids
direct metal-tc metal contact. The load is carried by the layer of the adsorbed
lubricant on both the metal surfaces (see Fig. 6.) In boundary lubrication, the
distance between moving/ sliding surface is very small of the order of the height of

Flg. 6. Beunday lubrication ~ performancs essentally dapandant on beundary fim.
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the surface asperities. The contact between the metal surface is possible by the
squeezing out of lubricating oil film. When this occurs the load would be taken on
the high spots of the journal and the bearing, and the two surfaces tend to become
welded together by the appreciable heat that is generated. This prevents motion as
the two surfaces adhere together. This is known as seizure. If motion proceeds with
the removal of some metal from one of the surfaces the resul is known as scuffing.

In practice, seizure or scuffing are delayed by the fact that metals tend to form
films on their surfaces by chemical action leading to'adsorptiori which temporarily

prevents metal to metal contact.

Q/nr boundary lubrication the lubricant molecules should have
(i) Long hydrocarbon chains,

(i) Lateral attraction between the chains,

(iif) Polar groups to promote wetting or spreadir.g over the surface,

(iv) Active functional groups which can form chemical bonds with the

metals or other surfaces,

(v) High viscosity-index ;

(vi) Resistance to heat and oxidation ;
(vii) Good oiliness and

viif) Low pour and oxidation.
OJ)(brican(s used for boundary lubrication are:

(i) Graphite and MoS, either as solid or as stable emulsion, in oil. These
materials reduce friction between metallic surfaces by forming films on the surfaces
and they can bear compression as well as high temperature.

; (i7) Mineral oils. These are thermally stable and their adhesion property (Oili-
' ness is improved by adding small amount of fatty acids or fatty oils.
3 (ifi) Vegetable and animal oils and their soaps. They possess greater oiliness
* compared to mineral oils. They either physically adsorbed to metal surfaces or react
 chemically at the metal surfaces, forming a thin film of metallic soap, which acts as
lubricant. , k
b (c) Extreme-pressure lubrications. It is done by incorporating extreme pres-
' sure additives in mineral oils for applications in which high temperature is attained
' duetothe very high speed of moving/sliding surfaces under high pressure. Insuch
.~ applications, liquid lubricants fail to stick and may decompose and even vaporize.
" Chlorinated esters, sulphurized oils and tricresyl phosphate are examples of
" such additives. These additives react with metallic surfaces, at prevailing high
' temperatures, to form metallic chlorides, sulphide or phosphides, in the form of
* durable films. These films can withstand very high loads and high temperatures
.. (because of their high melting points. ~ ©
Hence, they serve as good lubricant under extreme-pressure and extreme-
temperature conditions. These lubricants have an additional advantage that if the
low shear strength films formed on the moving parts are broken by the rubbing

- action, they are immediately replenished.
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pplications which demand lubrication by Extreme pressure additives

7 o e PG p
(7) \‘/‘\ lx’lr.ehdra wing 'of titanium (requires chlorine containing additive
Ich reacts with the stable oxide film on the metal surface).

(i) In cutting fluids in machining of tough metals. A typical lubricant
C?.r.mS(S _of hydrocarbon oil, a small amount of fatty acid as a bound-
ary lubricant and an organic chloride or sulfide additive.

: ‘(#ii) For hyp-':id gé:dfé used in rear axle drive of cars which has both
!/ longitudinal sliding motion and normal rolling movement.
C

LASSIFICATION OF LUBRICANTS

s L Cla&iﬁcalioqofhﬂthq. BRI e R

|
{ | 1
Lubricating oils I " Greases 1 Solid lubricants

On the basis of their physical state, lubricants can be classified as :
(7) Lubricating oils (or liquid lubricants) ;
(2i) Grzases (or Semi-solid lubricants) ; and
(711) Solid lubricants. -
\4/ Lubricating Oils
Lubricating oils zre also known as liquid Iubricants and are further classified
into three categcries viz. Animal and Vegetable oils, Mineral or Petroleum oils and
Blended oils. St
Characteristics of good lubricating oils. High boiling point, low freezing
point, adequate viscosity for proper functioning in service, high resistance to
oxidation and heat, non-corrosive properties, and stability to decomposition at the
operating temperatures. " gl

Functions cf lubricating oils. Lubricating oils provide a continuous fluid film
in-between moving/sliding/rolling surfaces and reduce friction, wear and heat
generation. They also actas cooling and sealing agent. They also prevent corrosion.

The types of lubricating oils are briefly described below

Animal and Vegetable oils. Animal oils are extracted from the crude fat by
the enclosing tissueis broken by treatment with steam
or the combined action of steam and water. Vegetable oils such as cotton seed oil
and castor oil are obtained by crushing the seeds. Befo.re use, both ‘ammal and
vegetable oils require Zurther treatment. This treatment involves cooling (so that

s through animal carbon (for removal of colour

sterarine separates out) ; filtration : no ]
:si:d btightefxing the oil ; Neutralization of free fatty acids by requisite amount of
alkali ; coagulation treatment with sulphuric acid which removes suspended im-

purities by carbonizing and causing them to coagulate and settle out) and filtration.

‘rendering’ process in wiich

LUBRICANTS
AC331

Animal and vegetable oils ili
' possess good ‘oiliness’ and hen, i
surface of machine parts, even under high temperatures and hezji;l-;(e)}a'ds f_ICk iacy

l Lubricatingoils \sti ot
I Animal oils . R \
_\‘-\—\ |
Lard oil For lubricating ordinary machine parts.
Neats foot oil For lubricating clocks and sewing machines particularly |
N suitable for light machinery. g ]
Sperm oil Particularly sui ight machinery
y suitable for light >
II Vegetable oils 2
. Castor oil Very good lubricant for bearing and machinery operating
N at high speeds and low pressures like racing éars.
Palm oil For lubricating delicate instruments such as scientific
equipment |

Animal and vggetable oils_ have very limited uses at present because they are
costly, have less resistance to oxidation and after oxidation form gummy and acidic
products. They get thickened on coming in contact with air. When allowed to
remain in contact with humidity or moisture they show some tendency to
hydrolyze. g

Actually these oils are used as blending agent for minerals oils so as to
P! , desire effects in the latter.

gil'ﬂ) Mineral or Petroleum oils. These are basically lower molecular weight ¢
hydrocarbons with about 12 to 50 carbon atoms. Their viscosity increases with the )
length of the hydrocarbon chain. They are obtained by distillation of petroleum. As )
they are chieap, available in abundance and stable under service conditions, hence ) |
‘lhey are widely used. In comparison to animal and vegetable oils, oiliness of |
mineral oils is less. The addition of higher molecular weight compounds like oleic
acid and stearic acid, increases the oiliness of mineral oil.

Purification. Impurities like wax, asphalt, etc. must be removed from crude
liquid petroleum oils before they are used. A number of processes are used forz L
removing these unwanted impurities. :
_ Dewaxing means removal of wax from the oil otherwise the wax raises the% 1L~
pour-point and makes lubricating oil unfit for use at low temperatures. For dewax-
ing, oil is mixed with propane, trichloro ethylene or any other suitable solvent and

* then refrigerated for the precipitation of wax. Wax is then removed from oil by

passing the oil wax suspension through a centrifuge working at 1700 rpm. Finally,
distillation is done for solvent recovery.

Acid refining means treatment with conc. H;SO; so that asphaltic and naph-
thenic impurities and other undesirable constituents can be eliminated from S
dewaxed-oils. Unwanted impurities either get dissolve in acid or are converted into
tarry sludges. Sludge is removed by filtration, while the filtrate is neutralized with
a calculated amount of caustic soda for the removal of excess of acid. Finally, the
oil is decolorised by passing through fuller's earth. 4

Solvent refining involves mixing oil with nitrobenzene or some other suitable

solvent (like dichloro ethy} ether, furfural, mixture of propaneand cresol or sulphur
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dloxtd.e and benze.x!e, etc). Solvent is such in which il is immiscible but the
“ndefiujabla impurities are highly soluble. After Proper mixing with such solvent,
fhe oil is left undisturbed for some time so that liquid separates into two layers

Sglvent laver’ containing impurities and ‘oil layer’ free from impurities, but it
might contain some solvent which can be recovered by distillation. Distillation also
~ produces refined oil. Solvent is also recovered by similarly distilling ‘solvent layer’,
when the residue containing asphaltic, naphthenic and resinuous substances is left
behind and is used as a source of these or as a fuel oil. It is to be noted that asphalt
undergo decomposition at higher temperatures, causing catbon decomposition
and sludge formation. We can reduce any chance of formation of carbon deposits
by removing asphaltic materials through solvent refining. This process of solvent
refining is economical also and the refined ol thus obtained shows less change in
viscosity with temperature. Natural oxidation inhibitors present in oil also get
removed during solvent refining. Hence, solvent refined oil shows less resistant to
oxidation. Moreover, it possesses lower oiliness. These drawbacks can be removed

- by incorporating some additives in solvent refined oils,

{c) Bleaded oils. Desirable characteristics of lubricating oils can be improved
by adding small quantities of various additives. The oils thus obtained are known
as blended oils or compounded oils.

An 2dditive is a material that imparts a new or desired property to the lubricat-
ing oil. It ray also enhance a desirable property that the lubricating oil altv_udy
possesses o some degree. Broadly speaking, there are two ‘types of lubricant
additives :

Chemically active additives are those which chemically interact with metals (to
form protecive films) and with polar oxidation and degradation products (to make
them harm’ess). Dispersants, Detergents Anti-Wear (AW) agents, Extreme Pres-
sure (EP) agents, Oxidation inthibitors, Rust and corrosion inhibitor are few of the
examples of chemically active additives. ;

Chemically inert additives are those additives which improve the physical prop-
erties thatarecriticat o the effective performance of the lubmm..anVes
include : viscosity index improvers, foam inhibitors, Pour point depressants,
Demulsifiers, Emulsifiers etc.
zdditives, their purpose, functions and typical examples are summa-

/] Addiﬁwlm urpose Fi “ : ‘Tj’in:-ks
3 . C i4 *3 Tﬂ 4 A4
() Antiosidant Imrdpos‘m e gt [ s amacy
Decompose peraxides | etc.
i X or
i) Metal Decrease catalytic | By complexing with M-‘:
¥ Deactivator | effect of metals on | metal ions, they form | phosphites
‘oxidation rate inactive layer on metal
: : Silicon polymers.
- s llapse  of
(iii) Antifoamant | P oo z‘:“ by redud
lubricant o
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}Suda« Protective Additives
—
- A‘i‘",‘“l‘”‘ K\L ) ﬁ,m__‘ e Fanctions Typical examples

' Rust and Corrosion Prevent rusting and Neutralization  of | Metal phenolates,

inhibitor corrosion of metal | corrasive scds and | basic metal
parfs in  contact | for  preferential | sulforates, fatty
with the lubricant adsorption of polar | acids and amines,

| consfituent on metai
surfacs o provide 3
profectiva Gim,
Anti-wear and EP | Reduce friction and | Provent  metsio- | Zimc  dithicphos-
agent wear and prevent | metsl comtset by | phates, orgamc
- Ny = bt metvt-surfscr | acid phospiates,
o form s S with  sulfurized fts otc
lower st
stengh Bar He
et

Peiction modifier Change coefficient Prefesental wisorp High melecular wt

of friction o o sk orgame phosphorus

e e md shuspherc
i asters, orgamc

ety sords gt

| aaes

K - . . e ‘__v phero-
Defagant I.?"... sucige and varmady | lates,  phesphates

precursors aad and sulfonates

{ eep Mem aduthe.

Dispersant Wiy § Nt o | SS\Re——
Contammnants jon of et | and poly
dispersed in the | nants = ey are | allyithicphes-
Iebeicant | bonded by polar | phonates

ssction © dis |
| pessat melecules. |
| Contamivantssee |
| hept  wapenson |
| due o bty of i
| dmpersant.
£
%.,—....uu— '
" | Typical examples
tions
Aditive Type. Sepe MM ol prs——
" l-h-hl e of ymey >
() Viscosity mudifier of
viscwsity  change | with mereasing »*W"ww
wih buse ¥ -
X ail Y h‘ A
methacrylates a
-/ ‘ butadiene.
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i e :
B Additive T e o :
- r%_% Fanctions Typical examples assification of greases on the basis of the soap used in their manufacture :
°| () Four point : s —— - i : . ! S
u - reps‘ :‘( Enable lubricant | Reduce e _ (1) Soda- baged greases employ sodium soaps as thickening agent in petroleum
Fressan to flow at low interlocking by lates, phenolic oils. As the sodium soap content is soluble in water so these greases are not water
temperatures modifying wax e resistant. These greases can be used up to 175° C. They are suitable for use in ball

bearings which generates frictional heat.

(i) lg'thium-bnsed greases employ lithium soaps as thickening agent in petro-
leum oils. These greases are resistant to water and have good high-temperature
properties. These greases are stable in storage, have high mechanical and oxidation
stability. They have high melting point (about 150° C).

crystal formation | alkylated

; ; naphthalene.
(i) Seal Swell Agent | Cause swelling of
elastomer by
chemical reaction

Aromatic hydro-
carbons and
organic phos-

7 phates. For aircraft applications at extreme heights, where temperature- as low as
4.2 Greases or Semi-Solid Lubricants —55°C may exists, lithium-base lubricant (properly formulated) can be used as
’. A seri-solid lubricant obtained by combining lubricating oil with thickening ey e f‘unction.in g40f eonteoh undz?r sgch condinions Thess e
agent is te-med as “Grease”. Lubricating oil is the principal component and it can be used for special gpplications only, due to their high cost.
.’_.____._"___e_i_ﬂ*_l'er pat-oleum oil. or.a synthetic hydrocarbon of low to high viscosity. The (i) Calcium-based greases employ calcium soaps as thickening agent in petro-

leum oils. These greases are also known as Cap-greases. These greases are the
cheapest and most commonly used. These are water resistant and can be used upto
80° C. The amount of lime can be varied from 10 to 30% in calcium-based greases
for getting wide range of consistency, from soft paste to hard, smooth solid.

thickeners consist primarily of special soaps of lithium, sodium, calcium, barium,
‘ aluminium etc. Non-soap thickeners include carbonblack, silica gel, polyureas and
j other synthetic polymers, bentonite clays etc. (They improve the heat resistance of
‘ a lubricanz). The fibrous structure of the thickener traps the oil and enables the
; lubricant to ching to moving parts.

Unlik= Iubricating oils that flow of their own accord (Newtonian fluids), most
greases flow cnly under pressure (Non-Newtonian fluid).

The fioer structure of thickener is adversely affected by water contamination
and the grease undergo degradation. Hence, (unless a grease has been formulated
to function), it is not used in the presence of water.

Shear or frictional resistance of Greases is much higher than oils hence they
can support rruch heavier load at lower speed.

These grease are suitable for lubricating caterpillar treads, tractors ; water
pumps etc.

(tv) Axlegreases are very cheap resin greases. They are prepared by adding lime
(or any heavy metal hydroxide) to resin and fatty oils. After thorough mixing and
standing, stiff mass grease floats out. Talc, mica or any other suitable filler is also
added to them, They are resistant to water and used for equipmentworking at low
- speglfs and high loads.

73 Solid Lubricants

t iz ictior is much higher than that of lubricating oils. These lubricants reduce friction by separating two moving surfaces under
e ﬁ-lcnor?bolf g're'as:stts n:u af\h :ili insatxc‘aad;;fo rel;s: & boundary conditiofit” They are used either in the dry powder form or mixed with
! Thktps wl'gnever Bl xtis etter e g 3 ] oil or water. Low spots on the surface of moving parts are filled by these lubricants
‘ R D ol presses oot effoctive y d1551pate_3 heat b " which then form solid films having low frictional resistance. The usual coefficient
\ the bearing. That’s why the grease Iubri.cated bear'ing works at relatively lower of friction of solid lubricants is between 0.005 and 0.0 Solid lubricants find
i temperatures as compared to the oil-lubricated bearing. = s applicammﬁin 5
Preparation. Greases are made by saponification of fat wit'h‘alkah (hk.e Caustic = e e
? soda) followed by adding hot lubricating oils with .°°“Sb'“‘t SR 'Conswtency o @ tamination of grease or lubricating oil (by the entry of dust or grit
the finished grease is governed by the total amount of the mineral oil. = he s
i. B S et o ues: (@) Internal combustion engines where a tight film is desired between the
(i) In rail axle boxes (or any other such applications there oil cannot piston rings and the’ cylinder for increasing compmi‘on..ln t.his
! 7 remain in place due to high load, low speed, intermittent operation, application, combustible lubricants mustPeavoided.Lubncahng film
sudden jerks etc.) cannot be secured by using lubricating oils or greases because of the
; (#) in bearings and gears that works at high temperatures ; high operating temperatures. :
T : : : i . where drip- : :
i ® (i) m macfh:).l;leiss ﬁg:::ai l}:;a.per, ta@s, edible articles etc. where drip The two moss commonly us ed solid lubricants are : °
ping of ;

(i) Graphite. Graphite consists of number of flat plates made up of network of

i i i f dust,
-\ in situations where bearing needs to be sealed against entry o 7 : ‘
" de - hexagonsinwhich each carbonis in sp’ hybridisation state [see Fig. 7(a)l. The nlates

: dizts, grit or moisture, as the greases are more resistant to contamina-
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So, viscosity-index of the oil-sample under test, v = L=U 100
L-H
774 - 564
= Vi=f—7— =
774 =414 100=58.33
Example 3. An oil sample under-test has g S, i iscosi
i R ey pi s a Saybolt Universal Viscosity same as that
standartd) at 210° F. Their Saybolt Universal viscosities at 100° F are 61, 758 and 420
respectively. Calculate viscosity-index of the sample oil,
Solution. Here, L=758 s, H=420's , and U=61s

5o, viscosity-index of the sample oil V.1 = E— g X100

° 758 — 61
VI =—

= 758 - 420
Viscosity Index and Molecular Structure of-Oil

There is a direct co-relation between molecular structure of lubricating oil with
its viscosity and viscosity-index.

Ahigh V I is exhibited by those lubricating oils which have linear or rod-like
shaped molecules of higher molecular weights. This is due to the greater intermo-
lecular attraction. :

Viscosity-Temperature Curves

the variation of viscosity with temperature can also be indicated by viscosity-
temperature curves. In fact, viscosity index is the numerical expression of the
average slope of the viscosity-temperature curve of a lubricating oil between
100° F and 210° F. Lubricating oils with small variation in viscosity with tempera-
fure exhibit flatter viscosity-temperature plots and they have high VI's.

%100 = 206.2

P
&
f u
B H
2 {
i |
3 s
!
/ A Temperature — 210°F
Fig 12. Viscosity-temperature curve.
&/ Flash and Fire Point - -

The flash point of an ol is the lowest temperature at which it gives off vapours

ill igni 1 i ht near it.
that will ignite for 2 moment when a small flame 15 brou !
i & fire point of an oil is the lowest temperature at which the vapours of t_heoi[
bumn con;:inuously for at least 5 seconds when a S{naﬂ flame is brou- t near it.
The flash points?ﬂ/ﬁr;md to indicate the fire hazards of

pguoleum products and evaEraﬁo,Mw

cosity Standard) and Pennsylvanian oil (high viscosity index

 as the fire point. Fife point range from 10° to 70° F higher than the flash poi
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Knowledge of flash and fire points in lubricatin,

; ; ] g oil aids in-precautionary mea-
sures agginst fire hazards. A good lubricant sho

uld have flash point at least above

(1) Cleveland open cup method. By this method we can determine the flash and'
pd{nts of all petroleum products except fuel oils and those having an opep
flash below 175° F. It essentially consists of a open brass cup known as clgveland
cup whichis supported over the circular opening of a heating plate as/hown in
Fig. 13. Gas\burners or electric heaters can act as a source of heat. A

N
Heat resistant-
cover \

ple to be tested up to the

1° F per minute. =

At every 5° Frise in i
e y point on the surface of the oil, the t
shall be reported as the flash point. The heating of the f)il 1s contin
ate. The test flame i applied again for every 5°F rise in temperatw
1gnités and continyés to burn for at least 5 s. The temperature reading

Limitation./The flash point of lubricating oil should be greater than 175° F.
(i) The Pensky-Marten Closed cup method. It is used to dete@ne the flash
icating oils, fuel oils, solvents, solvent containing materials am% sus-

It Consists of a cup made of brass, which is about 5.5 cm deep and 5 cm in

diameter. The lid of the cup is provided with four openings of standard sizes.
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