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Friction and Wear Behavior of Ultra-Thin TiN Film during Sliding Wear
against Alumina and Hardened Steel
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Abstract Ultra thin TiN films (50~700nm thickness) were deposited on AISI 304 stainless steel substrates using a re-
active DC magnetron sputtering deposition process to investigate their wear and friction properties. Dry sliding wear
tests of the films were carried out against hardened steel and alumina counterparts using a pin-on-disk type wear
tester at room temperature. Variation of friction coefficient was measured as a function of film thickness, load, sliding
speed and roughness of the substrate. Worn surfaces of the film were examined by a scanning electron microscope.
Wear resistance of the TiN film increased with the increase of the film thickness. The TiN film showed relatively
high wear resistance in spite of its ultra thin thickness when it is mated by the steel counterpart, while it showed poor
wear resistance with the alumina counterpart. The good wear resistance with the steel counterpart was explained by
the formation of oxide layers on the film surface and sound interface character between the ultra thin film and the

substrate.
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Fig. 1. Variation of the friction coefficient (1) of TiN films with
various thickness as a function of sliding distance. Sliding wear
test of the films was performed with two different mating ma-
terials of hardened AISI 52100 steel and alumina at the load of
200g and sliding speed of 0.035m/sec.
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Fig. 2. Variation of the friction coefficient (x) of AISI 304 stain-
less steel substrate as a function of sliding distance. Test was
carried out with two different mating materials of hardened
AISI 52100 steel and alumina at the load of 200g and sliding
speed of 0.035m/sec.
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Fig. 3. SEM micrographs of worn surfaces of TiN thin film after the sliding distance of 0.63m. The sliding speed and the applied
load were 0.035m/sec and 200g, respectively: (a) film thickness=50nm, counterpart= AISI 52100 steel; (b) film thickness=700nm,
counterpart= AISI 52100 steel; (c) film thickness=50nm, counterpart = alumina; (d) film thickness= 700nm, counterpart=alumina.



Fig. 4. SEM micrograph of the worn surface of TiN film with
the thickness of 700nm after 10m sliding distance. The film
was tested with AISI 52100 steel counterpart at the load of
200g. Iron oxide layers are found on the film surface.
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Fig. 5. Variation of the friction coefficient () of TiN films with
500nm thickness as a function of sliding distance. The films
were tested with two different counterparts at the load of 200g
under different sliding speed conditions.
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Fig. 6. SEM micrographs of worn surfaces of TiN films with
500nm thickness after the sliding distance of 0.63m. The films
were tested with AISI 52100 counterpart at the load of 200g
and at different sliding speeds of (a) 0.035m/sec, (b) 0.07m/sec
and (¢) 0.1m/sec.
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Fig. 7. Variation of the friction coefficient (4) of TiN films with
500nm thickness as a function of sliding distance. The films
were deposited on substrates with different surface finishes
(roughness) and tested with the AISI 52100 steel counterpart at
the load of 200g and the sliding speed of 0.035m/sec.
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