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Temperature dependance of vacuum tribological properties of DLC films

T U T EREEN T
Mechanical and Materials Engineering Group

mA R

Masanori Iwaki

Abstract

Among diamond-like carbon (BLC) coatings, hydrogenated amorphous carbon (a-C:H)
coatings are of great interest since some of them exhibit friction coefficient in the millirange,
so-called “superlow friction” in vacuum. However, there are still points to be clarified and
improved to employ them as solid lubricant for space use. For example, in space environment
solid lubricants are required to function at both low and high temperature. In such an extreme
environment, it is necessary to know the evolution of the tribological behavior in temperature,
leading to their application limit.

In this work, pin-on-disk friction tests were conducted at various temperatures under
vacuum condition. For all temperatures, superlow friction regime could be reached, as it was
observed usually at room temperature. However, an effect of temperature is evidenced on the
duration of “running-in” phase, i.e. the number of cycles required to reach a superlow friction
regime. The lower the temperature was, the longer this duration was. Also, the application
limit in temperature was found between 200 and 300°C, at which the friction coefficient slowly
increases after running-in, to reach values above 0.01.
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Table 1. Detail of sample

Name AC5H
2 Hydrogenated amorphous carbon (a-C:H),
Structure and composition Hion tgen t 40 at.% P
Precursor Acetylene (C2Hs)
Deposition method Plasma assisted CVD, bias voltage: -500 V
Manufacturer IBM
Film thickness 1 pum
Hardness 7 GPa
Substrate S1 wafer, 8 X 10 mm
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Figure 1 Schematic view of the UHV Analytic Tribometer
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Table 2 Conditions of vacuum friction test

Friction mode pin-on-disk, reciprocating friction

Friction length 2 mm

Friction speed 0.5 mm/s

Pin radius 8 mm

Load 3N (max. Hertzian pressure about 0.5 GPa)
Pressure about 1 X107 Pa

Temperature —130~+300C

Number of cycles 1000
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Figure 2 Vacuum friction test result of the DLC film
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Figure 3 Optical images of the friction traces of the DLC film after vacuum friction test
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Figure 4 Arrhenius’ plot between temperature and Pinc
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