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observed (Fig. 9a), including the formation of
complex carbides (η-phase) W

6"x
Fe

x
C in the form

of dendrites (Fig. 9b). Thus, if adhesion is not
prevented, the wear between the steel and the metal-
doped DLC coatings could be very high.
Accordingly, appropriate additives are obviously
required for a reduced adhesion and the improved
wear performance of these contacts.
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in Figure 10b, while the transferred wear debris from
the Ti-DLC were found on the steel balls. However,
with additives in the oil, the adhesion of the Ti-DLC
was successfully prevented, as seen from very
limited material transfer in Figure 10c.

In contrast to the typical adhesion-based
wear mechanisms found for metal-doped coatings
(W-DLC and Ti-DLC), a non-metal-doped coating
(Si-DLC) tested in mineral base oil against a steel
counter body showed different wear behaviour,
Figure 11. The amount of adhesion, even when
using only base oil without additives, was
negligible (Fig. 11a) compared to the Ti-DLC and
W-DLC coatings. This suggests a limited chemical
compatibility of the Si-DLC coatings with the steel
surfaces, indicating that they are more like the non-
doped DLC coatings than the metal-doped coatings.
The observations of the ball surfaces were in
agreement with the disc surfaces, as no sign of any
transfer of the Si-DLC wear debris was found. The
surfaces were mechanically damaged, showing

poor lubricant protection, but no adhesion was
present. Furthermore, when additives were added
to the base oil, the surfaces changed their
appearance, indicating that a thin and apparently
soft layer formed on the Si-DLC surface, which
might suggest that an interaction occurred between
the additive, the steel and the coating, Figure 11b.

From this study [49] it is clear that in
contrast to the non-metal-doped DLC coatings (Si-
DLC), the metal-doped coatings (Ti-DLC and W-
DLC) in contact with steel always experienced
severe adhesive wear and mutual wear debris
transfer if a mineral base oil without additives was
used. Therefore, metal elements most probably
induce metal-like behaviour of the metal-doped
coatings, while the non-metal-doped coatings
behave more like  non-doped DLC coatings, which
was also noted for self-mated DLC/DLC contacts
[59]. On the other hand, the addition of EP additives
was very successful on Ti-DLC, but this was not
the case for W-DLC.
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