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In engineering, AISI4140 low alloy steel is commonly utilized. It has outstanding
mechanical qualities, including high tensile strength, fatigue resistance, toughness, and
impact resistance, but low wear resistance. Surface enhancement is required for
corrosive environments and operations at high temperatures to satisfy its application.
Diamond-like carbon (DLC) film enhances hardness, modulus of elasticity, adhesion,
abrasion resistance, heat resistance, and corrosion resistance. As a result, DLC films
were produced by filtered cathodic vacuum arc (FCVA) for this investigation. This
technique is capable of fabricating a hydrogen-free tetrahedral amorphous carbon (ta—
Q) film layer with a high sp*/sp? carbon bond ratio. On the other hand, the ta-C film
has a significant internal stress, which contributes to the coating's poor adherence to
the metal surface. As a consequence, the adhesion strength is enhanced by the
incorporation of doping elements into the DLC film to relieve internal stress. In this
work, the developed DLC film was doped with aluminum (Al) and nitrogen (N) and
synthesized by using the FCVA technique to coat AISI 4140 steel and produce ta-C,
ta-C:N, ta-CAl, and ta-CAUN films, respectively. The structure and chemical
composition of the produced DLC films were investigated using Raman spectroscopy,
X-ray photoelectron spectroscopy (XPS), and near edge X-ray absorption fine
structures (NEXAFS). Following that, the mechanical characteristics and adhesive
strengths of the films were determined. The oxidation behavior of the DLC films was
determined using in situ heating NEXAFS, followed by the corrosion behavior of the
whole film. They were evaluated using a potentiostat in a solution of 3.5 wt% sodium
chloride (NaCl). Finally, the corroded regions and corrosion products from the corrosion

test were evaluated using X-ray photoemission electron microscopy (XPEEM) and



NEXAFS, respectively, and the corrosion products were studied using XPS. The results
indicated that Al and N-doped DLC film (ta-C:AUN) with sp® C-N and AL,O5 structures
had similar mechanical properties to that of non-doped DLC (ta-C) (hardness = 49.04
+ 1.33 GPa, elastic modulus (E) = 251.09 + 6.57GPa, elastic recovery (%ER) = 58.43

-+

1.73), and also had improved film adhesion (scratch propagation resistance, CPRs
12187.06 mN?), thermal stability (temperature resistance up to 600°C), and corrosion
resistance by raising the £, value from -443.31 to -382.93 mV (in comparison to pure
DLC). As a result, ta-C:AUN specimens are suitable for use in applications requiring

corrosion resistance and thermal resistance.
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