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This work proposes a novel self-lubricating Ni-based laser cladding able to control friction at high temperatures 
while maintaining a superb wear resistance. The cladding microstructure consists of nickel dendrites surrounded 
by borides and homogeneously scattered pure silver pockets encapsulated within molybdenum and chromium 
sulfides that arise from the thermal decomposition of MoS2 during deposition. This resulting microstructure is 
able to control friction from room temperature to 600 °C in ambient air and at least until 300 °C in vacuum. 
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1. Introduction 

Additive manufacturing is a technology that exhibits 
enormous potential in several application industries. The 
technology allows to build up complex 3D geometries 
while dramatically reducing the development time, 
compared to conventional manufacturing routes. In many 
applications, 3D printed components face the need to 
operate under demanding conditions thus requiring 
additional surface functionality to reduce and control 
friction when sliding against other components. 
Particularly relevant is friction control in those environ-

ments where lubrication using conventional lubricants is 
impractical due to high temperatures or vacuum 
conditions. The present work aims at developing self-
lubricating claddings to provide low and stable friction of 
additive manufactured components from room tempera-

ture to 600 °C in ambient air and at least until 300 °C in 
vacuum without adversely affecting wear resistance. 

2. Methods 

The self-lubricating laser claddings were deposited using 
a high-power direct diode laser, as this technique results 
in an excellent metallurgical bonding, low dilution with 
the substrate and low defect density (Fig. 1). A nickel-
based powder was chosen as the base material for the 
claddings for its superb high temperature wear and 
corrosion resistance. The nickel-based powder alloy was 
mixed with varying concentrations of solid lubricating 
elements such as silver and molybdenum disulfide. 

3. Results and Discussion 

The self-lubricating cladding shows decreased friction 
against Al-Si-coated 22MnB5 steel under hot stamping 
conditions [1]. The presence of silver leads to a 
noticeable decrease in friction down to 0.3, due to 
smearing next to the affected region. In the case of hot 
stamping against AA6082 aluminium alloy, the self-
lubricating claddings in synergy with solid lubricants 
decrease friction and counter body wear at high 
temperatures compared to grade 1.2367 hot work tool 
steel [2]. These findings illustrate that the implement-
tation of Ni-based self-lubricating laser claddings can 
lead to decreased costs while at the same time ensuring 
the quality of the hot stamped components. In the case of 
high temperature vacuum performance, the presented 

self-lubricating cladding is able to effectively control and 
reduce friction down to a value of 0.25 against 440C 
martensitic stainless steel at room temperature and 
300 °C by the smearing of silver over the chromium 
sulfides [3]. This friction reduction mechanism is 
enhanced by the thermal softening of the pure silver 
phase at elevated temperatures, contrary to air atmos-

phere, where smearing is hampered by oxidation. This 
overall tribological performance makes the presented 
cladding also as potential candidate for space 
applications. 

 
Figure 1: Self-lubricating laser cladding deposited on an 

additive manufactured maraging steel component, 

showing a detail of the cladding microstructure. 
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