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ABSTRACT 

Oil additives are some of the most important products since they greatly improve the 

performance of motor oils and other types of lubricants. This is why the oil additive 

industry is valued at 14 billion US dollars. One of the types of oil additives is anti-

wear additives. Which are used to decrease wear and friction between contacting 

parts separated by an oil. In this work, the effect of adding talc, graphite and 

polytetrafluoroethylene (PTFE) with different particle sizes to a blend of glycerin and 

motor oil on the coefficient of friction and scratch width when a steel ball is in contact 

with a steel surface is investigated. 

 

It was found that adding talc at 2 wt. % showed the lowest value of scratch width at 

0.1 mm. Increasing particle size of the graphite additive had a minimal effect on the 

scratch width but increased the coefficient of friction. The lowest value of the 

coefficient of friction was found to be at the oil with 3 wt. % graphite at a particle size 

of 0.012 mm. Increasing the percentage of PTFE additive decreases the scratch width 

but increases the coefficient of friction. 
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INTRODUCTION 

It was well known that all oils consist of a base oil which has multiple additives added 

to it, [1, 2]. Oil additives are compounds that give special properties to the oil, [3 – 

14] . Multiple types of oil additives exist, such as detergent additives, [15 – 17], anti-

rust additives, [18, 19], anti-foam additives, [20, 21], viscosity improver additives, [22 

– 24], and anti-wear additives, [25, 26]. 

 

Multiple materials can be used as anti-wear additives. Talc is a common material that 

can be used as a solid lubricant and anti-wear additive, [27, 28]. PTFE is also a 

common material that is used as a solid lubricant, it also works as an anti-wear 
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additive due to the ability of PTFE layers to slide on one another with a minimal 

coefficient of friction [29]. Another material that is commonly used as a solid lubricant 

and an anti-wear additive is graphite, which works in a way similar to PTFE with 

layers of graphite (or graphene) slide on one another which normally has a lower 

coefficient of friction than whatever materials are contacting each other, [30, 31]. The 

anti-wear properties of talc and graphite were compared, and talc was found to give 

a neater microstructure on a bronze workpiece being tested with steel when compared 

to graphite, [32]. 

 

The particle size of the added additives is also an important factor in determining the 

behavior of the additive. Usually the lower the particle size, the better. This is due to 

the ability of smaller particles to enter into tight areas of contact between moving 

parts and provide lubrication in them. The increased surface area-to-volume ratio 

also imparts excellent mechanical properties on the materials, [2, 33]. Nanomaterials 

are also usually used as lubricant additives, [34, 35]. 

 

In this study, the effect of using graphite of different particle sizes, talc, and PTFE on 

a glycerin-motor oil blend as a base oil is investigated. The oil was added in a system 

with a steel ball sliding on a steel surface and the scratch width on the steel surface 

after sliding and the coefficient of friction between the two surfaces were measured. 

  

EXPERIMENTAL 

A pin-on-plate reciprocating scratch test was performed in order to determine the 

coefficient of friction and the wear scar width generated from friction of a steel 16 

mm diameter steel ball and a steel plate with an oil sample separating them after 5 

strokes of 1cm length were performed. The device is shown in fig. 1. It could measure 

the friction force using a load cell and scratch width was measured using a microscope. 

since all tests were done at a normal force of 6 N, the coefficient of friction can be 

calculated by dividing the friction force by the normal force. The tested oil was a 

mixture of glycerin and motor oil. 

 

The effect of three additives on the behavior of the oil was tested. The first was talc 

powder, the second was graphite powder, and the third was PTFE powder with an 

average particle size of 0.26 mm. The tests were done with these powders added to the 

starting oil at different percentages. The results of this experiment are shown in Figs. 

3 - 5. 

 

The effect of the particle size of the graphite additive on the coefficient of friction and 

the wear scar width was also investigated. 3 different graphite powders were prepared. 

The first one had an average particle size of 0.56 mm, the second one had an average 

particle size of 0.3 mm, and the third had an average particle size of 0.012 mm. 

Photomicroscopic pictures of the the powders are shown in Fig. 2. They were all added 

to the oil at a weight percentage of 3 %. The results of this experiment are shown in 

Fig. 6. 
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Fig. 1. The scratch testing device. 

 

   
a b c 

 

Fig. 2. Microscopic image of, (a) First graphite additive, (b) Second graphite 

additive, (c) Third graphite additive. 

 

RESULTS AND DISCUSSION 

The results for coefficient of friction and scratch width for the oil with different 

percentages of talc are shown in Fig. 3. The optimal percentage of talc was 2 wt. % 

for optimizing scratch width at 0.1 mm and 4 wt. % for optimizing coefficient of 

friction at 0.033. The scratch width value for the oil with 2 wt. % talc was the lowest 

value for scratch width for all tests. This is because the entire weight of the steel ball 

value is going to be concentrated on one talc particle (which is similar to a ball in 

shape), this causes the indentation width to be reduced to the width of the talc particle 

at low normal loads. This also decreases the indentation at higher loads. This effect 

can be seen in Fig. 7. 
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Fig. 3 Effect of the percentage of talc on the coefficient of friction and scratch width 

shown by the oil. 

 

 
Fig. 4 Effect of the percentage of PTFE on the coefficient of friction and scratch 

width shown by the oil. 
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Fig. 5. Effect of the percentage of graphite on the coefficient of friction and scratch 

width shown by the oil. 

 

 
Fig. 6 Effect of the graphite particle size on the coefficient of friction and scratch 

width shown by the oil. 
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PTFE showed minimum coefficient of friction of 0.04 at 1 wt. % and a minimum 

scratch width of 0.147 at 4 wt. % PTFE mostly works via sliding of PTFE layers on 

top of each other. These results are shown in Fig. 4. The effect of adding the first 

graphite powder to the oil is shown in fig. 5. The lowest value of the coefficient of 

friction displayed was 0.046 at 4 wt. % graphite and the lowest value for scratch width 

was 0.12 mm. Slight change in the scratch width was seen when varying the particle 

size of the graphite, staying the same at around 1.45 mm. However, the coefficient of 

friction decreased to 0.0216 at a particle size of 0.012 mm as shown in Fig. 6, that was 

the lowest value of the coefficient of friction of all tests. This is due to graphite 

eliminating steel on steel sliding and replacing it with sliding of graphite layers on top 

of one another. Decreasing the particle size of graphite increases the likelihood of 

graphite getting in between the two contacting surfaces. 

 

  
a b 

 

Fig. 7 Scratch width in case of adding talc, (a) under low normal load, (b) under 

high normal load. 

 

CONCLUSIONS 

1. Adding talc at 2 wt. % of a motor oil and glycerin mixture gave the lowest 

value of scratch width. 

2. Decreasing the particle size of the graphite additive had a minimal effect on 

the scratch width but decreased the coefficient of friction. 

3. Increasing the percentage of PTFE additive decreases the scratch width but 

increases the coefficient of friction. 

4. The lowest value of the coefficient of friction was found to be at the oil with 3 

wt. % graphite at a particle size of 0.012 mm. 
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