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Continuous tribofilm formation during SiC Friction processes in an aqueous environment was analyzed with reactive 
molecular dynamics simulations. It was found that the double tribofilm which consists of colloidal silica layer and C-rich 
layer was formed at the sliding interface. Although these layers were gradually worn out, the thickness of these layers 
was maintained. These interesting phenomena were caused by H2O molecules penetration through the C-rich layer and 
its reaction with the SiC to continuously form the double tribofilm. Finally, we conclude that the continuous hydrolysis 
reactions maintain the double tribofilm structure of the colloidal silica layer and C-rich layer. 
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1. Introduction 

It is well known that silicon carbide (SiC) exhibits super-
low friction in an aqueous environment. This super-low 
friction is attributed to the tribofilm at the friction 
interface which is formed by chemical reactions between 
the silicon carbide and water [1]. This tribofilm is known 
to be maintained at the interface, although it wears out. 
However, this interesting process of continuous tribofilm 
formation at the interface has not been understood yet. 
The present study aims to clarify the formation process 
of the tribofilm using reactive molecular dynamics 
simulations.  

2. Methods 

 As shown in Figure 1(a), the lower amorphous SiC 
substrate was fixed and the upper SiC substrate was slid 
in the x-axis direction with constant pressure (1.5 GPa) in 
the z-axis direction. We used a reactive force field 
(ReaxFF) to deal with chemical reactions.  

3. Results and Discussion 

Figure 1: Snapshots of the sliding simulation. The red 
square indicates the area analyzed in Figure 2. 
 

As shown in Figure 1(b), the SiC substrate worn out and 
wear product was formed at the friction interface. The 
hydrolysis reaction of Si-C and Si-Si bonds occurred and 
the colloidal silica layer was formed at the sliding 
interface. Figure 2 shows the distribution of chemical 
bonds in a depth direction in the red square region of 
Figure 1. While the number of Si-C and Si-Si bonds 
decreased, the number of Si-O bonds increased due to the 
hydrolysis reactions. This reaction removed the Si atoms 
from the surface. On the other hand, the C-C bonds, 
which were less reactive, remained on the surface and 

resulted in the formation of the C-rich layer. This can be 
confirmed around Z = 28 Å in Fig. 2(b). These results 
indicate that the double tribofilm consisting of the 
colloidal silica layer and the C-rich layer is formed at the 
sliding interface. The colloidal silica layer reduces 
friction by increasing the viscosity of the fluid, while the 
C-rich layer works as a solid lubricant. Although the C-
rich layer worn out due to the friction, the generation of 
the C-rich layer continuously occurred. This can be 
confirmed around Z = 26 Å in Fig. 2(c). These interesting 
phenomena were caused by H2O molecules penetration 
through the C-rich layer and reaction with Si-C and Si-Si 
bonds. These hydrolysis reactions maintain the double 
tribofilm structure. 

Figure 2: Distribution of bonds, H2O molecules, and Si-
O-Si units at the friction interface.  
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