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The work presented here comprises of the theoriti-- 

cal background of the effect of additives in lubricants 

on the wear and friction characteristics of metal pairs 

and an experimental investigation of various aspects of 

it. 

Two lubri cant s - SAE-30 and NP- 90 are used along 

with two additives - lead and chromium soaps in different 

combinations and proportions. Metal pairs investigated 

are "mild steel on brass", "mild steel on mild steel" and 

"brass on brass". The first part deals with the theories 

and practical importance of the phenomena of friction, 

wear and lubrication. The second part deals with the 
experimental investigation. 

The results thus obtained have been discussed and 

conclusions are drawn in the end. Scope of further work 

is briefly suggested. 
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Friction studies are complicated since experimental 
results do not yield very accurate or readily reproducible 
data and the theories proposed in many cases are not subject 
to exact experimental verification. One of the best summari-
es of the theory of friction between solid materials was 
published by Bowden and Tabor. With an ever increasing power 
output and capacity, the unit loading and resultant pressure 
on critical running parts have increased. These higher loads 
have led to the development of so called concepts of oiliness, 
film strength, extreme pressure and antiwear agents. 

The tests which have been conducted investigate the 

properties of lubricants and also determine their suitability 
for various services. An attempt has been made to show the 
effect of additives in engine and gear oils. In general, 
friction, wear, and viscosity properties are tested. The 
results have been analysed In each case and interpreted. A 
brief description and significance of some of the more impor-
tant and commonly requi red properties are also given. 

Pairs of mild steel and brass have been used in this 

study since they are very commonly employed in various indus-' 
trial applications. The additives used are heavy metal soaps, 
namely, lead and chromium soaps. The tests have been con-
ducted on a "Timken Wear and Lubricant Testing Machine". 
Additives are used in order to reduce friction and wear. 
They form protective coatings and prevent galling, scoring 
and seizure and also increase adhesiveness of lubricant on 



metal surfaces. 

Friction and wear problems generally encountered 

in vario,}s machines, are overcome by using appropriate 

lubricating agents. In certain situations, the use of 

these agents alone may not serve any purpose. However. 

by using proper additives it becomes quite possible to 

achieve the desired properties. 

0 
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The subject of friction is important in all engineer-
ing applications wherever solid surfaces are in contact 
with each other. Friction, in fact, is the resistance to 
motion and lubrication is the art of reducing 'it. It is 
a common knowledge that lubricating oil. Is used to keep 
bearing surfaces apart and thereby permit easy running and 
reduced wear and tear. This result is brought about by 
forming a film or layer of oil between bearing' surfaces 
which prevents metallic contact of the parts. The two 
theories, namely, adhesion theory and interlocking theory, 
which have been advanced to explain friction, are both 
tenable. Interlocking of crests and dips seems so obvious 
that any other explanation appears unnecessary. According 
to Bowden, friction is essentially the shear strength and 
adhesion is the tensile strength of the junctions formed 
at the region of contact. Whether or not this adhesion 
will in fact be observed, depends primarily on the effect 
of elastic stresses released when the load is removed. 

In fli id film lubrication, lubricant completely 
separates the moving surfaces during the normal operating 
conditions. If the layer of fluid does not completely se-
pariLte the moving surfaces and partial metal to metal con-
tact exists, such a lubrication is termed boundary lubri-
cation. Again, if the extent to which an adsorbed film 
can prevent metal to metal contact is limited, the boundary 
film will fail under certain temperature and load conditions, 
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and a direct contact will take place. This condition 
is called extreme boundary lubrication. 

The coefficient of friction At is usually defined 
as the ratio of tangential force F to the normal load 
N between two solids in relative motion. Thus, 

/t = ?/N 

Variables for coefficient of friction may be load, 
contact area, velocity of slide, time of loading before 

- slide, length of slide,, temperature, lubricant viscosity 
etc. To explain the wide range of coefficient of friction 
we consider the fundamental mechanism of dry friction. 
The complete mechanism of dry friction consisted of the 
following three factors: 

1. A mechanical interlocking of surface asperities. 

2. A plowing of the surface asperities of the harder 
of the two metals through the softer. 

3. A welding of the surface asperities of the one 
metal to the other resulting in metallic junctions. 

The shear and friction processes are not independent, 

a fact which will be clear from the coefficient of fric-
tion analysis. The satisfactory rules observed for dry 
friction area 

i) The coeff`i ci ent of friction Ai is independent 
of the applied load N. 

ii) The coefficient of friction /t is independent 
of apparent area of contact A. 



iii) The coefficient of friction is independent of 
the ambient temperature of metals 

iv) The coefficient of friction is independent of 
sliding speed. 

While these rules represent good approximations 
under normal conditions of bodies in sliding contact, 
they may fail completely if conditions are sufficiently 
abnormal. 

Coefficient of friction for effective boundary 

lubricants lie roughly in the range of 0.02 to 0.1 
(compared with clean dry metals, /a ,:-- 0.5 to 1.5).. The 
variables that influence dry friction also influence 
boundary friction. Boundary friction may be considered 
as an extension of dry friction where the additional 
variables of . contamination are recognized and included. 
The laws of friction are still valid but it can be shown 
that for most conditions of sliding, some penetration of 
boundary film occurs. Also, friction depends on the 
chemical composition of lubricant and/or the reaction 
between the lubricant and the solid surface. 

bong the friction components, shear is generally 
of major importance but it can be seen that mechanism 
of metal transfer and wear also explains the shearing 
component of friction. As defined, wear is the progress-
ive loss of substance fran the surface of a body brought 

Ii 
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about by mechanical action. Wear is the major factor 

limiting the life and performance of machine components 
and hence is very important in engineering practice. 

Mechanism of metal transfer and wear explains the 

welding of sheared off peaks to their opponent high spots 
as a consequence of friction. Metal transfer and wear 
take place at points of actual contact. The interfaces 
of high spots that actually make contact are roughned 
as a result of plastic deformation when they carry normal 
loads. The mechanical interlocking of these roughned 
interfaces is the primary cause of metal transfer and 
wear. Due to mechanical interlocking effect of the 
roughned interfaces and strain hardening that accompan-
ies plastic deformation, the application of a tangential 
force will break one of the pair of contacting high spots 
at certain distance away from the interface rather than 
at the original interface. 

A secondary cause of metal transfer is the adhesion 
or the diffusion process which takes place during the 
temperature flash that occurs during breakage. If the 
adhesive force is very weak and diffusion process is not 
rapid enough to cause the sheared oft peak of the high 
spot to become a blob of transferred metal, the small 
pieces of metal sheared can leave as a loose wear particle. 

In the operation of a machine it is essential that 
the rate of wear of the moving parts be held to a minimtmt 
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Wear, like many other phenomena which take place when 
a machine is operated, is influenced by the design of 
machine, the operating conditions, and the lubricating 

oil. In order to get lubricants which give maximum 

protection against .wears  it is essential to see the 
effect of additives. 

ME 

 

UT OF WEAR.. 

Several methods have been devised by various 

investigators for the quantitative determination of 
wear, the most common are those which measure change . 
in weight or dimensions. The weight measurement method 
is frequently used in the case of small parts which can 
be weighed on an analytical balance; the dimension mea-
surement may be used for larger parts. In 1940,   Williamsi  
determined the wear of cylinder rings and that of cylin-
ders by means of. a gage capable of measurements to an 
accuracy of ± .002 mm. An instrument known as McKee 
gage, developed at the Bureau of Standards is claimed to 
be even more sensitive2. This gage determines wear by 
measuring change in the length of indentations made prior 
to the test with a precisely shaped tool. 

Modern engines and machinery frequently require 
lubricants which have characteristics superior to those 
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obtained in lubricants derived from petroleum by re-

fining techniques only. The trend of engineering design 

puts ever increasing demands on the load carrying capa-

city of lubricants. By the addition of suitable subs-

tances, almost any property of an oil can be modified. 

Additives are 'special substances and may be de-

fined as chemical c©mpounds which will either enhance 

or improve some of the properties which a petroleum pro-

duct already has or impart new characteristic to it. 

These are classified in two main divisions: 

A) Those which affect some physical characteristics 
of the lubricant such as viscosity, pour point, 
foaming etc. 

B) Those whose final effect is more chemical in nature 
and usually more measurable in teams of some per-
formance characteristics. These include oiliness 
agents, extreme pressure agents, antiwear agents, 
and other materials. 

In order to protect bearing surfaces against seizure 

and wear, the films formed as a result of chemical action 

must shear easily or have melting points below those of 

bearing surfaces. By using proper additives, a film is 

formed on the metal contacting surfaces due to chemical 

reaction which has lower shear strength than base metal, 

thereby reducing friction and preventing welding and sei-

zure when oil film is ruptured. Additives are added to 

an oil in amounts upto ten percent; A small quantity of 

these will increase the viscosity of oil and form a struc-

ture which minimizes the leakage that occurs with pure 



9 

oil. Larger quantities of additive will give rise to 
soft greases. 

Additives which reduces friction and wear and pre-
vent galling'  scoring, and seizure are chemical compounds 
containing chlorine ! lead, sulphur, aluminium, chromium, 
and phosphorus. Certain compounds containing zinc are 
also antiwear agents. Antiwear agents are thought to 
function through a chemical polishing action which can 
take place at relatively low tem peratures whereas extreme 
pressure agents require high .temperatures (probably locali-
zed) to react with the protective coating or film, Fatty 
acids and fatty alcohols are among the commonly used oili-
ness agents. 

iVI.SCOSiTX  

The most important property in selecting a lubricant 
for a particular application is the viscosity. Fbr a 
bearing operating in the hydrodynamic region at given 
conditions of load and speed, the viscosity of oil at the 
film conditions determines the point of operation on 
"Z N/p" curve and the coefficient of friction. This in 
turn determines the frictional power loss and heat gene-
ration in the bearing and the oil flow rate through the 
bearing. The viscosity of oil at film temperature should 
be sufficient to maintain a fluid film, but not so high 
that frictional losses and heat generation are excessive. 



A margin of safety is desirable to ensure that the fluid 
film is not squeezed out. 

There is no simple method for ascertaining the 
optimum viscosity for any specific mechanism. This 
knowledge comes from experience and general practice. 
Selection of viscosity limits is controlled by a number 
of factors, e.g. temperature, load, method of feed, speed 
etc. 

Generally, low viscosity oils are used for light 
loads and high speeds and higher viscosity oils for 
heavier loads and lower speeds. Also with high operating 
temperatures, comparatively high viscosity oils are requir-
ed, and with low operating temperatures low viscosity oils 
are satisfactory. 

OILLIiES  

Oiliness has never been precisely defined or mea-
sured. Oiliness is a property which is significant at 
high pressures and small clearances. The adsorption of 
an oil film on metal surfaces reduces friction by what 
has been known for years as oiliness. Oiliness is gene-
rally used to indicate the resulting differences in fri-
ction when different lubricants are used under the same 
conditions. Oiliness is the reciprocal of coefficient 
of friction ti under the conditions of boundary lubri-
cation and is related to the followings 

1. Ability to prevent wear. 



2. Resistance of oil film being ruptured 
or displaced. 

3. Load carrying abilities. 

4. Ability to prevent failure by seizure, galling, 
or scuffing. 

Thus, the term oiliness is intended to convey a 

thought on something which is difficult to define in 

scientific terms. A cup of water is not "wet" nor a 

bottle of oil is "oily" but if a solid be dropped into 

these liquids, they may become wet or oily. The precise 

explanation of oiliness term involves considerable know- 

ledge of molecular physics. 

A number of machines have been proposed for study-

ing and measuring the property of oiliness, but none have 

proved entirely reliable from a practical stand point. 

No standard system has yet been adopted to give numerical 

values to "oiliness" of lubricants although this would be 

very desirable. 

1.1 
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' r 	y 1 e 	x  *;  

Timken Wear and Lubri cant Testing Machine was 
used for investigating "Friction and wear characteristics 
of metal pairs with the lubricants having additives". In 
this machine, two metal surfaces having a very small con-
tact area are rubbed together in presence of a high normal 
pressure between them. The applied pressure is increased 
slowly until s ei zure occurs and this i s found to vary 
widely with different lubricants. In this machine a cir-
cular disc, approximately two inches in diameter s  is rota-
ted against a rectangular blocky the area of contact being 
a very narrow band. 

The general arrangement of the basic elements of 
the machine is given in the schematic diagram (Figure 1) . 
It consists of a system of two superimposed levers. The 
upper or the load lever carries a pivoted holder contain-
ing the test block. This test block bears against the 
test cup being held up by weights suspended from the end 
of the lever on which the block is carried. The lower or 
the frictional lever, to which weights are added to balance 
the frictional forces, is used to obtain a direct reading 
of friction in terms of weight.. A built-in electric heat-
er below the oil reservoir is used to heat the oil upto 

210°F. Oil flows from reservoir by gravity over the test 
block and is pumped back to the reservoir. The oil pimp 
is engaged or disengaged by actuating a Knob attached to 
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a short lever. A flow valve regulates the flow of 
lubricant. A small hole in the cover of reservoir is 
provided for reading the temperature of oil on a thermome-
ter. 

The machine is driven by a variable speed motor. 
The speed can be varied upto 2000 revolutions per minute. 
There is a spirit level attached at the end of the fric-
tion lever which indicates the level of the lever system 
when it is assembled in position. Other spirit levels 
are provided to check the level of the machine. 

The selection of metals is essentially an Drngineer's 

job before passing them to production line. Mild steel 
and brass, being the most canmonly used engineering mater-
ials, were selected for investigating the friction and 
wear characteristics. The above characteristics have been 
studied to minimize the bad effects, friction and wear, 
by using a lubricant which will prove best in service. 

Lubricating oils selected for the purpose are 
SAE-30 engine oil and EP-90 gear oil. Additives were added 
to these oils to improve upon their lubricating properties 
for reducing friction and wear. Effects of lead and chro-
mivm soap, additives were studied. Gear oils are extreme 
pressure treated oils with high film strength, mald.ng them 
suitable for high temperature taondi tions . In fact the 
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choice of oil depends on the material, function, and 
operational speed. 

Selection of additives depends upon the lubricat-
ing quality we require from the lubricant under existing 
conditions. As mentioned above:  the additives selected 
are lead and chromium soaps. Lead soap have special uses, 
because the soap is in solution and it melts on heating. 
Chromium soap prevents sticking =  probably through deter-
gent character. Pbr extreme pressure conditions, lead soap 
is useful in avoiding sulphur corrosion. Though there are 
some more additives to be used, but the above two were 
selected for this investigation. 	C  

TD J1 	 P / 	rte. 

Facilities in the Chemistry Department were used 
to prepare the 'lead and chromium soaps. The chemicals 
required were sodium paimitate, chrome alum, lead acetate, 
acetone, ether, and absolute alcohol. The chromium soap 
was prepared by direct metathesis from the corresponding 
sodium palmitate and chrome alum with constant stirring. 
The procedure can be summarized in the following steps: 

i) Weighing the required amounts of sodium palmi-
tate and chrome alum according to following 
reactions 

6 Na Pal. + K2 804 Cr2 004)3 24 R20 

2 Cr (Pal .) 3 + 3Na2 604 + K2 804 
+ 24 H2o 



r( flj (kr. r  

Photograph - showing distillation process 	 k a  

Photograph-shoring reaction stage in 
the preparation of additives. 
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ii) Dissolving the chrome alum (124.85 grams/liter) 
and sodium p almi t at a (208.8 grams /liter) in warm 
distilled water. 

iii) Mixing the above throughly by electric stirrer, 
which gives a precipitate grey in colour. 

iv) Filtering the precipitated chromium palmitate 
in the buckler funnel and washing with distilled 
water. 

v) Removing the free precipitant and the acid, wash-
ing by ethanol and acetone and finally with ether. 

The soap thus obtained, was then dried under vacuum. 
The lead soap was also prepared by metathesis method, 

taking lead acetate (110.9 grams/li ter) and sodium palmi - 
tate (69.6 grains/liter) calculating the amounts by the 
following chemical equation: 

Pb acetate + Na Pa.bni tats 	Na acetate + Pb Pa]mitate 
(443.4) 	(278.4) 

The lead soap obtained was white in colour. 

REQUIRED ACCESSD 1 ES 

Fbllowing equipment were required for conducting the 
tests& 

1) Chemical balance to weigh the specimens and 
additives. 

2) Acetone and linen cloth to clean the specimens 
surfaces. 

3) Hot plate and flask to dissolve the additives in 
oils. 

4) Fan for cooling the lubricant. 
5) Brinell microscope for measuring scar width. 
6) Viscometer for measuring viscosities. 



The groups of the tests performed are given in the 

following tables 

Total Roof Tests 
Group Metal Pair 	Additive 	Oil 	Friction 	Pl lm 

& Wear 	Strength 

1 M.S. on Brass Lead and SAE-3p 22 12 
2 M.S. on M.S. Chromium and EP- 22 12 
3 Brass on Brass Soaps 90 Oils 22 12 

Different quantities of one of the additives were 

added in each of the oils, and the viscosity was measured 

at different temperatures. Similarly test oils with the 
other additive were also prepared and their viscosity mea-
sured. 

TEST PROCEDURE 

Testing machine was cleaned and brought to correct 

level. Oil reservoir was filled with equal amounts of pre-
pared lubricants every time. The oil pump clutch was enga-
ged. The test cup and block were cleaned and weighed. Test 

cup was fitted on machine spindle and test block was placed 

in its holder. Surfaces of cup and block were smeared fully 

with the lubricant. The lever system was assembled in posi-
tion , and checked by built in spirit level at the and of 
friction lever. The weight carrier was kept in readiness 

16 



1 17 

with the required weight fitted on it. Sliding weight 

on the friction lever was kept at zero initially. 

To confixm that the test cup and the block were con-

tacting properly, the machine was turned a few revolutions 
by hand. The flow valve was opened by sane amount each 
time and machine was started by switching the motor on. 

The fan, set at suitable position was also started. Speed 
of the machine was adjusted to the desired value. The 
weight carrier was mounted on 'the load lever in position. 

Friction lever reading was taken when steady temperature 
was attained. Temperature was checked at different inter-
vals. Test was run for one hour. 

After the test, cup and block were again cleaned 
and weighed. The width of the scar on the test block was 
measured. The same procedure was adopted throughout for 
all the tests conducted in this investigation. 

During the test, the temperature was found to increase 
considerably at the contacting surfaces. This temperature 
can be controlled by 

i) lowering the speed of machine spindle, 
ii) reducing the load on the load lever, and 

iii) applying some cooling device. 

It was observed that by keeping the speed 500 revo-

lutions e'er minute, limiting the load below 16 pounds and 



using an electric fan placed in suitable position and 
direction for air cooling, the temperature rise was very 
small, 

Fbr thorough mixing of the different quantities 
of additive in oil, an electric heater and one liter 
capacity flask were used. The weighed quantity of 
additive was taken and poured in the flask containing 
about half liter oil. It was then kept on the electric 
heater and shaked from time to time. 	After it was com- 
pletely dissolved, it was added to rest of the reservoir 
oil. (about 2.5 liter) and stirred continually for about 
half an hour till the temperature fell to 1000F. The 
required lubricant for the test was thus obtained. 

1s 
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OBSERVATIONS, CALCULATIONS. AND RESULTS 

Observations and results are arranged in tabular 
form (Table Nos. 1-149  Page 21-34 ) . Results have been 
calculated by using the following formulae: 

i) P = 1o(A+C)-2.5(B+R) 

ii) S = P/WIL 

iii) Ai = 9.45a(B+R)/10(A+C) -2.5(B+R) 

where 	A = weight on load lever(L.L.W.) 

B = weight on end of friction 
lever. 

C = load lever constant = 1.67 lbs. 
P = test force (normal) 
R = friction lever sliding weight 

reading. 

S = pressure on test block in lbs. 
per square inch. 

W = width of scar on test block 
in inches. 

L = length of scar on test block 
in inchesc0.5". 

/f = coefficient of friction. 
(B+R) = friction lever weight (F.L.W.) 

SAMPLE CLCUTIONS 

I(i = 9.45x(B+R)/10(A+C) -2.5(B+R) 

-= 9.45(1.02)/10(12+1.67)-2.5(1.02) 

= 0.0718 	... 	... 	... 	(Table No. 3, Test No.1) 



and pressure on test block is 

S a P/WxL 

2 (A+C) -2.5(B+$) /WxL 
= lO (12x1.6?) -2.5(l.02) /©.0538x0. S 

= 4992 p.s.i. 

4)o 
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T, LE NO. 13 

TESTS F(} UM STRENGTH 

Tests 	Test Pair 	 Film Strength 	Lub.. Mditiv( 
lbs. 

Without Additive Additive 
Additive 8 gms/lta 16 gms/ltn 

1-3 	M.S.  on Brass 	26 	29 	30.5 	SAE Lead 
-30 Soap 

4-6 Brass on Brass 28 29 29.6 a n 

7-9 M.S. on M.S. 41 43 44 " 

10-12 M.S. on Brass 26 27 27.5 SAE Chromium 
-30 Soap 

13-15 Brass on Brass 28 30 31 " n 
16-18 M.S. on M.S. 41 42 43  

19-21 M.S. on Brass 	48 	49 	49 	EP- Lead 
90 Soap 

22-24 Brass on Brass 	37 	39 	40 	" 	n 
25-27 M.S. on M.S. 	54 	54 	.55 	" 

28-30 M.S. on Brass 	48 	48 	48.5 	EP- Chronitm 
90 Soap 

31-33 Brass on Brass 	37 	39.5 	41 	" 
34-36 M.S. on M.S. 	54 	55 	55.5 	" 	" 

R.P.M.   s 800 
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TABLE NO. 14 
VISCOSITY RESULTS  

VISCOSITY REDWOOD SECONDS 
• TEMP. 	Additive in gms./litre 	 WBRTCANT 	ADDITIVE 

of 

0 	4 	8 	12 	16 

125 295 349 354 359 367 	3AE-30 	Lead Soap 

115 364 41.3 419 442 454 	"  

105 436 482 493 541 593 

95 554 604 612 655 758 	" 	" 

125 295 306 308 316 322 	SAE-30 	Chromium 
Soap 

115 364 381 393 407 424 	" 	" 

105 436 472 48? 518 546 	'I  

95 554' 587 604 635 676  

125 467 474 483 494 EP-90 	Lead Soap 

12D 543 556 563 575 -► 	"  

115 624 641 649 657 " 	" 

105 828 862 883 909 _ 	" 	" 

100 987 1037 1054 1091 - 	" 	" 

95 1166 1244 1267 1303 - 	"  

125 467 533 546 564 - 	EP-90 	Chromiun 
Soap. 

115 624 648 657 676 - 

105 828 837 844 852 w 	n 	R~ 

95 1166 1203 1208 1217 - 	" 	" 



1::_3oC C.ST1)L) 
Lead and ChimUm 
So ap S. 
Lead Sorg 
Chromium Soap 

I 

IF 

:t:) 3'::REL 014 :BUSS 

10 e 

I 	 I 	 t 

0 246 	lo 	 2o2.221-2b 

DiIVES fl GR1iE' ?E11 LITHE  

P1. read liter for litre. 



'F'I G. 5 
M1L D STEEL ON BRASS 

LUBRICANT.., SAB_30( CASTROL) 
ADDITIVES... Lead and Chromium 

Soaps. 
Cup-Loss 

---.-- --.-»-- Block.-Loss 
A 	 Chromium Soap 
0 	Lead Soap 

LI  
0 

`' Y. 4 G 	l0 12 111 16 	20 22 24 

ADDITIVES IN GRAMS PER LITRE 



' IG. 6 
MILD STEEL ON BRASS 

LUBRICA.II'T... ? — 90( C/,SIROL) 
ADDITIVES... Lead and Chromium 

Soaps 
Lead Soap 

.._w_~.._....__ Chromium Soap 

•o651 

~ fl 

0 ~ 

0 4 I 

x351 

031 

025 

2 4 6 ~i 10 12 14 16 1% 

ADDITIVES IN GRAMS PER LITRE 



1-T 
'1 LD STEEL ON BRASS 

• 
I 	►~ i 19 

LUBRIC,ANT... EP. 90 (CASTROL) 
Is+ I• s 	 ADDITIVES... Lead and Chromium 

Soaps. 
\r { 	 Cup-Loss 
1 61 6 	 _____-___-_ B1ock-Loss 

5.15 
Al 	 Chromium Soap 
0 	 Lead Soap 

14+ 14 

1 2 -4 	I Z 

1 

 
: 	

. r 
a 	~ 

1

' 

4.4 4 

0 22 4 G 	 K Zo 22 

ADDITIVES IN GRAMS PER LITRE 
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P1G.S 

MILD STEEL ON MILD 

LUBRI CAI?T.... S J.F..30 (CAA..3 Z-.30L ) 
ADDITIVES... Lead and Chrom:~.um 

Soaps. 
Lead Soap 

__-______-- Chromium Soap 
0 9. 

'06 

05j 

.05 

 2o 22 24 26 

ADDITIVES IN GRA14S PER LITRE 



MILD STEAL ON MILD STEED,  

LUBRICANT... S .E..3  !~ 	0 (Ct~STROL) 
ADDITIVES... Lead and Chromium 

Soaps. 
Cup,-Loss 

----------- Block-Loss 	f 
A 	Chromium Soap 
0 	Lead Soap 

2 

A  o 

• A 	L1 	 N 

0 
6 3 10 12 14 16 1E, 20 22 24- 

ADDITIVbS IN GRAMS PER LITRE 
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055 

BRASS ON BRASS 

LUBRI CAiNT... _ S0(CASTROL) 
J DDITIVLS...Lead and Chromium 

Soaps. 
Lead Soap 
Chromium Soap 

05 	__ ~ — -- — T 
° Z 4 6 8 to 12 ¼- 16 1s 20 

ADDITIVES IN GJWiS PER LITRE 
FlG 'lo 

D STEk.L ON MILD 3T~L 

' RI CANT... EP-00 (CAST.OL) 
)1TIVES... Lead and Chrom. 

Soaps  

Lead Soap 
-------- Chromium soap 

° Z 4 6 b 10 '2 14 	4h 2o 

ADDITIVES IN GRAMS PER LITRE 



{ 
MZL J7 STU 	ON MILD STEEL 

LUBRICANT... E P . 90 (CASTROL) 
L DDITIVES... Lead and Chromium 

Soaps. 

Cup-Loss 

--M'--__---~ BloCk-Loss 

Chromium Soap 
0 	 Lead Soap 

{ 

A 

I \ 

[ \ f 

o z 	4 c: 	 o ,'z 	14 	\c{ 	, 	2° 

ADDITIVuS I PER LITRE 
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075 

-065 

PIG. 12 

.2U5 

100. 

8_.9I _BSS 

LUBRICANT... S1 30 (C ASTROL) 
t~DDITIVES...Lead r. d Chromium 

Soaps. 
Lead So&p 

-- ---------- Chromium Soap 

BR 

0 

oV 

° 2 4 6 	 4 IG In 20 22 24 26 

ADDITIVES P? GRAMS PER LITRE 
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3TROL) 

,hrorniu~ 

3 

Soap 

0.2 4 6 8 10 12 14 ►t 1% 20 22 24- 2C 

ADDITIVES Yci GRAVS -R LITRE 



CUP  

c'G. 15 

BRASS ON BRASS 

LUBRI CANT... E? - 9O (CASTROL) 
ADDITIVES... L ead and Chromium 

Soaps. 

cap•Loss 

- Block-Loss 

Chromium Soap 
Lead Soap 

2c 	I S 

24 24N  

22 	Ii 

	

20 1 	 , Q 

Q 	 Q 

6  5  \ 

2. +  I~ 

2 A. Us~ lu Ir Iq Icy 1~ 2~ 

ADDI"TI`,'ES IEj CR." iS PLR LITRE 



}, p-90 Lubri.ct1i. 
B 	SAFB-3 'Laubr3.ct t 
o 	MILD STEEL ON BFL.SS 

MILD STh.E ; Oil HI!tD syslT, 
BRLS3 ON BRASS 
Ltd Soi 

_ .. .- .- 
 

Chromium : So'! i  
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13 
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1 05  125 

goo 

.loo H 

boo 

500 

VISCOSITY 	1 T FR T43 EE Cs ART 
LUBRICI'T... SAE..30(CASTROA- ; 
ADDITIVE.... Lead Soap 

— Additive 0 ems/litre 

	

  — _,_ 	" 	4 gms/litre 
- - - -  	- 	" 	S gins/litre 

~ 	rt _.._ ._..._.. 	 12 gm s/1 it re 
16 gns/litre 

0 	 ~ 

 ~Q 

400 - 

Soo 

?_40 

9Q 95 



LL"JF(ICJ T. 	 j CAST^CL) 

I:DDYTTVI .. 	Ci1Um Soap 

Additive 0 gms/litre 
....._.._..._... 	" 	4 gins/litre 

8 gms/litre 

	

° 	..._.. ~..—. _. 	" 	12 gm s/litre 

	

,~ \ 	 ►0 	16 gins/litre 

125 
,O O 

`fie 	95 
I 	-- -1- 

105 	 11b 

Lr 

boo 

¢oo 

U, 

g 
U, 
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SOG 

PI G. 19 
VISCC  3ITY - TE;•  ?;r•  2T RE CHART 

LUB RI Ct T.. t  h; P .. SD (CASTROL ) 

.DDITIVb ... Lead Soap  
1500 
	 Additive 0 gms/litre 

'r 	4 gms/litre 
1,500 
	 8 gms/litre 

12 gins/litre 

SOU 

Lo p 

1Ci0 	X05   	ao 

TE11P E RATU R.i °F 
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Mild Steel on Bras ss 

The data obtained for "mild steel on brass" are 
given In tables 1, 2, 7, and 8. Tables 1. and 2 are 
for SAE-30 oil and their plots are given in Figures 4 
and 5. Tables 7 and 8 are for EP--90 oil and their plots 
are given in Figures 6 and 7. 

From Figure 4, it is observed that coefficient 
of friction 4 	decreases for both lead and chromium 
soaps as the quantity of additives is increased. Pbr 
chromium soap, the decrease in coefficientof friction 
after 12 grams per liter becomes small. It is also 
observed that by adding 14 grams per liter of additives, 
the value of coefficient of friction is same and equal 
to 0.046. The value of di decreases from 0.076 to 
0.0315 by adding 20 grams per liter of lead soap but 
in case of chromium soap the value decreases to only 
0.045. Beyond Ai 	0.046, lead soap causes a rapid 
decrease in , . but the chromium soap has little effect. 
Before the intersection point, chromium soap has a bett-
er effect. 



PIG►• 20 

goo 

7o0 

Goo 

Soo 

VISCOSITY .. TEMPERATURE CHART 

LUBRICANT ...EP .. 90 (CASTROL) 
A) )I TIVE ... Chromium Soap 

Additive 0 gms/litre 
— — 	It 	4 gms/litre 

- - 	- - 
	 if 	3 gins/Litre 

" 	12 gins/litreM ~ M M k M 

NN 

95 	 lot:) 	 125 
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Mild Steel on Bra„s a: ■w ~+~ww~wrrrwuw~ ~rr~ 

The data obtained for "mild steel on brass" are 

given in tables i t 2, 7, and 8. Tables 1 and 2 are 

for SAE-30 oil and their plots are given in Figures 4 

and 5. Tables 7 and 8 are for EP-90 oil and their plots 

are given in Figures 6 and 7. 

From Figure 4, it is observed that coefficient 

of friction ,i decreases for both lead and chromium 

soaps as the quantity of additives is increased. P'br 

chromium soaps the decrease in coefficient of friction 

after 12 grams per liter becomes small. It is also 

observed that by adding 14 grams per liter of additives, 

the value of coefficient of friction is same and equal 

to 0.046. The value of Ai decreases from 0.076 to 

0.0315 by adding 20 grams per liter of lead soap but 

in case of chromium soap the value decreases to only 

0.045. Beyond Ai == 0.046, lead soap causes a rapid 

decrease in At but the chromium soap has little effect. 

Before the intersection point, chromium soap has a bett-

er effect. 
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In Figure 5, wear in both cup and block can be seen. 
There is not much difference in wear of block due to pre-
sence of additives, but the wear of cup is more when lead 
soap is used as an additive. 

Fbr EP-90 oil (Figure 6) , it is observed that coeffi-
cient of friction decreases rapidly due to both the addi-
tives. However, the decrease in coefficient of friction 
due to lead soap is more than that due to the chromium 
soap. By adding 12 grams per liter of additives, coeffi-
cient of friction decreases from 0.061 to 0.028 by the 
use of lead soap and to 0.0365 by chromium soap. Slope 
of both the curves is nearly same after 4 grams per liter. 
Comparing this with SAE-30 oil, it is seen that a small 
percentage of additive to EP-+90 oil has a more profound 
effect in reducing coefficient of friction. 	 I* 

Both the additives to EP-9Q oil reduce wear consi-
derably, and there is not much difference upto 10 grams 
per liter of addition, after which wear with chromium 
soap decreases (Figure 7) . 

It is observed that good performance (low wear and 
reduced friction coefficient values) of metal pair is 
obtained due to lead and chromium soaps. This is because 
of the formation of a film of low shear strength by the 
chemical attack of lead and chromium soap on rubbing sur-
faces. The film of low shear strength shears easily and 
prevents metallic contact. 



Mild Steel on Mild Steel: 

The data for "mild steel on mild steel" are given 
in tables 3, 4, 9, and 10. Tables 3 and 4 give the data 
for SAE-30 oil and tables 9 and 10 give the data for 
EP-90 oil. The plots of tables 3 and 4 are given in 
Figures 8 and 9 and those of tables 9 and 10 are given 
in Figures 10 and 11. 

From Figure 8, it Is observed..that coefficient of 
friction increases slowly from 0,072. to 0.078 when addi-
tive content is 16 grams per liter of lead soap, whereas 
with 16 grams per liter of. chromium soap additive, it 
decreases slowly from 0.072 to 0.0625 and then increases. 

From Figure 9, it is observed that wear is reduced 
to a large extent by both the additives. The decrease 
in wear by using chromium soap is more than that for 
lead soap. The decrease in wear by chromium soap after 
addition of 16 grams per liter, becomes almost constant, 
but with lead soap, the wear in cup increases after 20 
grams per liter. 

It is seen from Figure 10, that for EP-90 oil, 

coefficient of friction increases by both the additives, 
but the increase with chromium soap is less than that 
with lead soap. With lead soap, coefficient of friction 
increases from 0.076 to 0.083 and then falls. With chro-
mium soap, coefficient of friction increases frcm0.076 
to 0.081 and then increases slightly. 

37 



Brass test cup-showing ecear 

Mild Steel test cup - showing uear. I) 

3 

II 	
.1 
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0. 

G 

Brx;s toot block-showing gear caused 
by brass test cup. 

Brass test block- shoring iiear caused 
by mild steel test cup. 

Mild steel test block-showing gear 
caused by mild steel test cup. 



From Figure 11, it is observed that decrease in 

wear with lead soap is more than chromium soap for both 
cup and block. 

Brass on Brasss 

For "brass on brass", the data are given, in tables 
5, 6, 11, and 12. The plots of tables 5 and 6 for SAE-30 
oil are given in Figures 12 and 13. For EP-90 oil, the 
plots of tables 11 and 12 are given in Figures 14 and 15. 

From Figure 12, it is seen that coefficient of fric-

tion increases by the use of both the additives. Increase 
in coefficient of friction with lead soap is less than 
that with chromium soap. For 20 grams per liter of addi-
tives, coefficient of friction increases from 0.0655 to 
0.01005 with chromium soap and from 0.0655 to 0.096 with 
lead soap. 

From Figure 13, it is observed that wear decreases 

rapidly by the presence of both the additives. The decr-
ease in wear due to chromium soap is more than that that 
due to lead soap. 

For EP-90 oil (Figure 14) , coefficient of friction 
increases due to both the additives. The increase in co-
efficient of friction does not differ much upto 0.063 
with 8 grams per liter; after this, lead soap increases 
the coefficient of friction to 0.086 for 12 grams per 
liter. For chromium soap, there is no appreciable increase 
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in coefficient of friction by increasing the quantity 

of additive. 

From Figure 15, it is seen that wear decreases due 
to both the soaps, but the reduction in wear with lead 

soap is greater. 

hIm Strength: 

The data of film strength are given in table 13 

and their plots are given in Figure 16. 

From Figure 16, it is observed that for the pair 

"mild steel on brass", film strength of SAE-30 and EP-90 

oils increases due to both the additives. Increase in 

film strength with lead soap is more than that with chro-

miun soap. Increase in film strength with lead soap is 

better in 8A-'3Q oil than that in SP-90 oil, There is 
not much difference in increase of film strength with 

chromium soap in both the oils. By adding 16 grams per 

liter of lead soap to BAR-30 oil, film strength increases 
from 26 pounds to 30.5 pounds, whereas with chromium soap 

it increases from 26 pounds to 27.5 pounds only. By adding 

16 grains per liter of lead soap to EP-90 oil, film stren-
gth increases from 48 lbs. to 49 lbs., whereas with chro-
mium soap it increases to 48.5 lbs. only. 

For the pair "brass on brass", it is observed that 
film strength of both the oils increases due to both the 

additives (Figure 16) . Increase in film strength with 
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chromium soap is more than that with lead soap. By 
adding 16 grams per liter of lead soap to SAE-30 oil, 
film strength increases from 28 lbs. to 29.5 lbs., 

whereas with chromium soap, it increases to 31 lbs. By 
adding 16 grams per liter of lead soap to EP•90 oil, film 
strength increases from 37 lbs. to 40 lbs., whereas with 
chromium soap it increases to 41 lbs. 

bbr the pair "mild steel on mild steel", it is 
observed that film strength of both the oils increases 
due to both the additives (Figure 16) . Increase in film 
strength with lead soap is more than that with chromium 
soap in SAS-30 oil, whereas increase in film strength is 
more with chromium soap than that with lead soap in EP-9p 
oil. By adding 16 grams per liter of lead soap to SAE-30 
oil, film strength increases from 41 lbs. to 44 lbs., 
whereas with chromium soap it increases to 43 lbs. By 
adding 16 grams per liter of lead soap to 8P-90 oil, film 
strength increases from 54 lbs. to 55 lbs., whereas with 
chromium soap it increases to 55.5 lbs. 

'ji I1R!*  

The data for lead soap in SAE-30 oil are given in 
table 14 and their plots are given in Figure 17. It is 
observed that the addition of lead soap increases visco-
sity. By adding 4 grams lead soap per liter, it is found 
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that there is a rapid increase in viscosity at 
higher temperatures, as compared to that at lower tem-
peratures. By adding a quantity of soap more than 4 
grams per liter, the viscosity increases slowly at higher 
temperatures but this increase is found to be slightly 
rapid at lower temperatures. Viscosity increment by 
the addition of 4 grams per liter of lead soap is from 
295 Redweed seconds to 349 Redwood seconds at 125oF, 
whereas this value changes from 554 to 604 at 950F. 
Also, by adding 16 grams per..liter of lead soap the value 
of viscosity increases from 295 Redwood seconds to 367 
Redwood seconds at 1250F, whereas this value changes 
from 554 to 758 at 95oF.= 

b)  øromiii SoaD in  8A3O Diii 

The data for chromium soap in SAE-30 oil are given 

in table 14 and their plots are given in Figure 18, It 
is observed that the addition of chromium soap increases 
viscosity. By adding the chromium soap to SAS-30 oil, 
it is found that there is a more rapid increase in vis-
cosity at lower temperatures as compared to that at high-
er temperatures. Viscosity increment by adding 4 grams 
p•r liter of chromium soap is from 295 Redwood seconds 
to 306 Redwood seconds at 125oF, whereas at 95oF it chan-
ges from 554 to 587 Redwood seconds. Also, by adding 
16 grans per liter, viscosity increases, from 295 Redwood 
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seconds to 322 Redwood seconds at 125°F, whereas at 

950F it increases from 554 to 676 Redwood seconds. 

a) Lead SOa13 .A $P-9O Oil: 
rrrrrfr11~1~ ~+++~ 

The data for lead soap in EF-90 oil are given in 

table 14 and their plots are given in Figure 19. It is 

observed that the addition of lead soap increases vis-

cosity. It is seen that there is an increase in visco-

sity at lower as well as at higher temperatures, but 

increase in viscosity at lower, temperatures is more than 

that at higher temperatures. ,Addition of 4 grans per 

liter of lead soap increases viscosity from 467 Redwood 

seconds to 474 Redwood seconds at 1250F, whereas this 

value increases from 1166 to 1244 at 95°F. Also, by 

adding 12 grams per liter of lead soap the increment in 

viscosity is from 467 Redwood seconds to 494 Redwood 

seconds at 125°F, whereas at 95°F, it increases from 

1166 Redwood seconds to 1303 Redwood seconds. 

d) . hromi _.sogpjn,._,...2Q EP-90 

The data for chromium soap in EP-90 oil are given 

in table 14, and their plots are given in Figure 20. It 

is observed that the addition of chromium soap increases 

viscosity. It is found that there is a rapid increase 

in viscosity at higher temperatures, as compared to that 
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at lower temperatures. By adding 4 grams per liter 
of chromium soap, increment in viscosity is from 467 
to 633 Redwood seconds at 1250?, whereas this value in- 
creases from 1166 to 1203 at 96°F. 	Also,, by adding 12 
gratis per liter of chromium soap, the increment in via-
cosity is from 467 to 564 Redwood seconds at 1250F, 
where as this value changes from 1166 to 1217 at 95°F, 
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The following conclusion may be written from the 

analysis and discussion presented in this investigations 

It is concluded that the experimental results for 
wear of metal pair agree well with the theoritical results. 
Results of this investigation show that the presence of 
certain low shear strength solid surface films can mark-
edly reduce friction of dissimilar metal pairs and also 
reduce wear for any metal pair. These wear studies also 
show that prevention of wear and maintenance of low wear 
could be associated with the formation of surface films, 
In general, lead and chromium soaps used in this study 
reduce wear considerably. 

In fact, the physical and chemical processes invol-
ved at the localized region of contact of surfaces rubb-
ing in presence of lead and chromiun soaps are likely 
to be complex. The friction and wear behaviour of a 
given combination in the metal would depend on many factors. 
These factors would include the composition of materials, 
since this determines the resistance of normal surface 
oxide films and of the material itself , to chemical 
attack by lead and chromium soaps under the conditions 
of running. It is also shown3  that factors like interrup- 

tions (cracks y  gas cavities etc.) which tend to reduce 
friction may increase wear and vice-versa. 



In general, it is observed that by adding only 
as little as 12 grams per liter of these additives 
(chromium and lead soaps) the wear decreases consider-

ably. Addition of greater amounts shows relative smaller 
effect. 

It is seen that with both the additives, the film 
strength of both the oils has increased for the above 
metal pairs. however, lead soap is found to be more 
suitable in SAE-30 oil, whereas chromium soap is found 
better in EP-90 oil except in the case of mild steel on 
brass metal pair. 

Further, the viscosity of oils also increases with 
the additives, and it is seen that viscosity increases 
more with lead soap at lower temperatures. Chromium soap 
increases viscosity of EP-90 oil at higher temperatures 
more than that of SAE-30 oil. 

Also, as the oiliness is the reciprocal of coeffir-
cient of friction, it means that smaller coefficient of 
friction will give greater oiliness and hence the favour-
able results with respect to coefficient of friction may 
be considered as satisfactory results ?for oiliness too. 
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Further work can be done in this field for other 

metal pairs such as "aluminium on aluminium ",f  brass on 
aluminium etc. Also, other additives may be treated 
for friction and wear characteristics of metal pairs. 

Furthermore, oiliness, assumed to be the reciprocal 
of coefficient of friction, has not been measured separa-
tely because of non-availability of oiliness testing 
marline. It can, however, be determined separately if 
machine is available, and the above assumption can be 
varified or the comparison of results can be made. 

The machine capacity did not allow to perform tests 
at higher temperatures and higher speeds which are gene-

rally encountered in practice. The investigation at 
higher temperatures and higher speeds can be made for the 
same additives and metal pairs if suitable machines are 
available. 
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