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Liquid lubricant: base + additives 

Base: mineral or synthetic oil 

Antiwear additive 
Friction reducer 

Corrosion inhibitor 

Viscosity action  

Additives 
Anti-oxidizing action 

Context: liquid lubrication 
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Base: mineral or synthetic oil 

Antiwear additive 
Friction reducer 

Corrosion inhibitor 

Viscosity action  

Additives 
Anti-oxidizing action 

Liquid lubricant: base + additives 

Context: liquid lubrication 

Dodecane with vegetable oil  
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Built up of a protective tribofilm resulting from chemical 
reactions between additives molecules and surfaces 

Tribofilm 

Additives molecules 

- The tribofilm is not immediately built 
(induction period)  severe wear undergone 

by the substrates 

- The protective action is not efficient in 
the case of non-reactive sliding surfaces 

(ceramics,…) 

Context: liquid lubrication 

Conventional additives: Zinc DialkylDithiophosphate (ZDDP), Molybdenum Dithiophosphate (MoDTP) 
or Dithiocarbamate (MoDTC) 

But 
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Context: liquid lubrication 

New additives: solid particles subjected to form the tribofilm in the 
sliding conditions without any chemical reactions with the substrates 

Phases are selected according to their intrinsic friction properties 

Graphite  

Shape 

Thickness  

Oval and flattened  

8 μm  

Lamellar structure particles 

50 µm 
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Context: liquid lubrication 
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sliding conditions without any chemical reactions with the substrates 
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Evaluation of the influence of the presence of liquid on the tribological 
properties of the solid particles 7 



Tribologic experimental device 
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Figure 5 : Description du tribomètre à grands déplacements. 

Le tribomètre permet de réaliser un contact sphère-plan puis de faire frotter la sphère sur le 
plan grâce au pot vibrant (voir Figure 5). Un aller-retour de la sphère sur le plan correspond à 
un cycle. La sphère (Figure 6) est une bille en acier 100C6 de rayon 4.75mm fixée sur le porte-
bille à l'aide de colle cyanoacrylate. Le plan poli-miroir en acier 100C6 de rayon 5 mm est fixé 
sur le porte-plan. L'échantillon à étudier est déposé sur le plan. Le contact est fait à l'aide de la 
platine micrométrique qui permet des déplacements sur les trois axes (x,y,z). Une force 
normale est appliquée au contact et la force tangentielle (qui s'oppose au mouvement) est 
mesurée (Figure 6). Le coefficient de frottement est obtenu par la relation suivante : 
 

µ= 
|𝐹𝑡 |

𝐹𝑛
 

  
Avec : 
µ : Coefficient de frottement 
Ft : Force tangentielle en Newton 
Fn : Force normale appliquée en Newton  

 
Figure 6 : Schéma du contact sphère-plan 

Le tribomètre est piloté grâce à un programme confectionné sur le logiciel «Labview» qui 
permet de lancer la mesure ainsi que d’enregistrer les données afin d’exploiter les résultats.  
 

  

Motor 

Sphere  
Plane 
x,y,z  sample 

holder 

AISI 52100 
steel ball 

Normal load Fn 

Measurement of 
the lateral force Ft 

Ft 

AISI 52100 
steel plane - Normal load: 10 N 

- Contact area diameter: 140 mm (Hertz Theory) 
- Maximum contact Pressure: 1 GPa 

- Sliding speed: 2-3 mm/s 

 Tested material 
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the lateral force Ft 
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AISI 52100 
steel plane - Normal load: 10 N 

- Contact area diameter: 140 mm (Hertz Theory) 
- Maximum contact Pressure: 1 GPa 

- Sliding speed: 2-3 mm/s 

Material deposition 

Fn = 10N 

Ball on plane contact 
Application of Fn 

Back and forth 
movement of the ball 

 Tested material 
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Tribologic experimental  
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Plane 

Frition of  liquid 

Ball  

Friction at addition of  dodecane 

Or 

Friction of  liquid/particles mixture 
Friction of  pure particles 

Experimental conditions 

On the plane  
On the ball 

• SEM  

• Raman spectroscopy 

Analysis of  the tribofilms 
Measurement of  contact 

area diameter 

Hertz’s Theory 
140 μm  
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μDodecane  = 0.4 

The friction coefficients of mixtures are higher than the coefficients obtained for pure VO oil  

But  
remain very lower than the dodecane friction coefficient  

Stable friction coefficients 

Weak VO w%  

Addition of  different weight percentages of  vegetable oil in dodecane 

Results 



0.0 0.5 1.0 1.5 2.0

0.06

0.08

0.10

0.12

0.14

% Vegetable oil in dodecane

 Friction coefficient

 Diameter on the ball

F
ri

c
ti
o

n
 c

o
e

ff
ic

ie
n

t

140

160

180

200

D
ia

m
e

te
r 

o
n

 t
h

e
 b

a
ll

Addition of  different weight percentages of  vegetable oil in dodecane 

Mixtures of dodecane/vegetable oils present optimized tribological performances 

Results 
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Friction properties of graphite/dodecane 

Important and drastic reduction of the friction coefficient in the presence of liquid  
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Addition of  graphite in vegetable oil/dodecane blends 
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Addition of  graphite at blend of  vegetable oil/dodecane 

Excellent influence of the presence of vegetable oil in dodecane à 2 w% on the friction 
properties 
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Characterization of  wear scars 

Excellent antiwear properties of the tribofilm 17 

Results 
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Discussion 

Previous studies 
Raman spectroscopy 

11350

11580)(
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PhD study’s N. Nomede-Martyr 

Weak mechanical constraints in the presence of dodecane inducing weak 
modification of particles structure 
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Discussion 

Previous studies 

PhD study’s N. Nomede-Martyr 

No intercalation because the position of the diffraction peaks corresponding 
to interlayers spaces are not modified in the presence of dodecane     

Intercalation of  the organic 

molecules in the  van der 

Waals gaps  
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Discussion 
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Discussion 

Results obtained 
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Discussion 

Results obtained 
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Conclusion and perspective 

 The presence of liquid in the sliding contact improves the friction properties of particles 
 
 
 
 
 The presence of vegetable oil as additive at weak percentage decrease the friction coefficient of dodecane 
 
  Excellent results are obtained with mixtures solid/liquid at 2 w% of VO  
 

• Reduction of mechanical constraints undergone by particles in the presence of liquid  
 

• No intercalation of organic molecules 
 
• Viscosity parameter is not to explain this reduction 

 

The reduction is due to the presence of both liquid and particles in the sliding contact 

We work with other type of solid particles and different type of vegetable oils. 
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