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NATTHAPHONG KONKHUNTHOT : IMPROVEMENT IN TRIBOLOGY
AND CORROSION RESISTANCE OF DIAMOND-LIKE CARBON FILM
BY TITANIUM DOPING USING THE FILTERED CATHODIC VACUUM
ARC TECHNIQUE. THESIS ADVISOR : ASSOC. PROF. PORNWASA

WONGPANYA, Dr.-Ing. 250 PP.

TRIBOLOGY/CORROSION/DIAMOND-LIKE CARBON/FILTERED CATHODIC

VACUUM ARC/TITANIUM-DOPED DLC FILM

The thesis is divided into 2 parts: (i) the synthesis and investigation of diamond-
like carbon (DLC) films to explore the appropriate condition for DLC films and (i1) the
improvement of the tribological properties and corrosion resistance of DLC films with
Ti atoms. With regard to (i): the DLC films were synthesized on a Si substrate by pulsed
two-filtered cathodic vacuum arc (FCVA) deposition as a function of the substrate
negative direct current bias voltage (Vbias) from 0.0 to 1.5 kV. The microstructure,
mechanical performances, and optical properties of the films have been investigated in
respect to the effects of the Vpis. The Raman spectroscopy results showed the lowest
Ip/IG ratio at the Vs of 1.0 kV which was consistent with the highest sp’/sp? ratio
obtained from the XPS technique. The XRR analysis indicated that the DLC films had
a relatively high density between 2.51 and 2.79 g/cm’. The film growth rate was
measured to be 3.5, 4.8, and 3.3 nm/min at the Vyias 0 0.5, 1.0, and 1.5 kV, respectively,
which depended on the self-sputtering of the substrate and the deposition process. The
surface roughness of the films increased monotonically due to the bombardment of
high-energy ions at a high V. The hardness and elastic modulus were measured in a
range of 13-25 GPa and 114-145 GPa, respectively. The internal stress during the film

growth under the bias condition was found to improve the mechanical properties and



v

density of the DLC films which could be explained using a subplantation model. The
correlation Between the Ip/lc ratio and the refractive index was established here which
was an effective method to infer the sp*/sp® ratio and hardness of the film by the simple
and non-destructive technique of Raman and spectroscopic ellipsometry. The best
deposition condition could be achieved at the Vbias 0f 1.0 kV which provided the DLC
films with excellent hardness and density close to high-quality DLC film, especially
the tetrahedral amorphous carbon (fa-C) films. As to (ii): Ti-doped DLC films were
fabricated on AISI 304 stainless steel under the deposition condition acquired from the
preliminary study. The microstructural dependent thermal annealing, adhesion, nano-
mechanical and tribological properties, and corrosion resistance were investigated with
respect to the effects of the Ti content. As for the results, the increase in the Ip//G ratio
accompanied by the reduction in the internal stress was observed as the Ti increased.
Thermal stability was significantly enhanced due to the formation of the TiC phase. A
slight decrease in hardness and the sp® content was due to the introduction of the Ti
atoms. The adhesion was obviously improved through the atomic intermixing bond at
the Ti-doped DLC/Ti layer interface. The average mean coefficient of friction of the
bare substrate was greatly decreased by applying the DLC films. The passivating TiO;
films formed on the Ti-doped DLC films could hinder the diffusion of the corrosive
solution into the underlying substrate, thus leading to better corrosion protection
performance. In conclusion, the Ti-doped DLC films exhibited excellent tribological

and corrosion protection performance suitable for industrial applications.
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