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The reactivity and initial friction behavior of several MoS2-based solid lubricant coatings has been investigated 
before and after accelerated aging. The results suggest that initial run-in can be minimized through manipulation 
of the surface structure. Examination of regions that were run-in prior to aging also suggests that shear-induced 
reorientation may reduce oxidation during storage. We hypothesize that both phenomena are related to the defect 
concentration at the interface that evolves from the starting structure and composition. 
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1. Introduction 

Despite recent improvements in friction and wear 
resistance of physical vapor deposited (PVD) MoS2 films 
achieved by doping with metals and oxides, these films 
still exhibit elevated starting friction (run-in). In the case 
of as-deposited films, the initial added frictional work 
goes into recrystallization and reorientation of a few 
surface lamellae so that low shear strength basal planes 
are parallel to the sliding direction.  Once the surface has 
been reoriented by contact, storage of the surface in 
reactive atmospheres leads to another period of run-in. 
Aerospace mechanisms that are required to move after 
such storage must be designed to contend with the 
maximum starting friction coefficient, even though this 
behavior may persist for only a few initial cycles of 
sliding. Solid lubricant films are therefore desired that 
retain the advantages of doped MoS2 films, but resist 
increases in friction due to long term storage. The 
purpose of this work is to understand the aging of as-
deposited and shear-oriented MoS2 films and develop 
strategies for minimizing reactivity and run-in. 

2. Methods 

MoS2-based films have been deposited on stainless steel 
substrates with a range of compositions and 
microstructures including amorphous, crystalline, doped 
with Sb2O3 and Au or Ti. The friction behavior of the 
films was characterized in dry nitrogen and humid air. 
Prior to accelerated aging, an area of the surface 
approximately 4x8 mm was reoriented by sliding contact 
in dry nitrogen. Aging of the samples containing this 
“rastered” area permits subsequent measurement of the 
degree of surface oxidation by x-ray photoelectron 
spectroscopy (XPS) and friction measurements on both 
run-in and as-deposited surfaces. 

3. Results 

The initial friction coefficient exhibited by several MoS2-
based films (Fig. 1) indicates that sputtered films with a 
nanocrystalline surface layer exhibit run-in behavior like 
that of basally oriented MoS2 films deposited by 
impingement, while amorphous films exhibit much 
higher starting friction values. XPS of the as-deposited 

surfaces versus those that had been reoriented by sliding 
showed that shear-induced reorientation of initially 
amorphous films also reduced the degree to which the 
films oxidized during accelerated aging. 
 

 
Figure 1: Friction coefficient for the first ten cycles for 

several MoS2 films with different structures.  

4. Discussion 

The comparison of run-in behavior of MoS2 films suggest 
that some of the benefits of doped films, such as higher 
density, hardness and wear resistance compared to pure 
films, can be retained while reducing initial friction 
coefficient by including a thin nanocrystalline layer at the 
surface of the amorphous film. A recent model of the 
temperature-dependent shear strength of pure MoS2 
suggests that sliding is accompanied by rotation of the 
sulfur-terminated planes at the interface from a 
commensurate state to an incommensurate state [1]. 
Large defect-free planes at the interface would be 
conducive to minimum friction coefficient in this model. 
We hypothesize that a nanocrystalline surface layer more 
readily forms oriented basal planes with minimal defect 
concentration compared to a fully amorphous film. 
Furthermore, since it is more energetically favorable for 
reactive species such as water to adsorb at defect sites, 
the MoS2 surfaces with lower defect concentration 
should also be more resistant to oxidation during storage. 
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