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Abstract: In the present study, Diamond-Like Carbon (DLC) coating was applied using
two hydrocarbon precursors, methane (CH4) and acetylene (CzHy) through the PVD-1BD
process. Raman spectroscopy and nano-indentation analyses were conducted to study the
effect of hydrocarbon precursor on the structural and mechanical properties of the DLC
coatings. Additionally, Field Emission Scanning Electron Microscopy (FESEM) and
Atomic Force Microscopy (AFM) were employed to investigate the surface morphology
and topography of the created coatings. The results from Raman analysis revealed a
smaller Ip/lg ratio and a larger FWHM for the DLC coating synthesized with acetylene
hydrocarbon precursor. Cross-sectional FESEM images of the resulting coatings
demonstrated a higher deposition rate of carbonaceous species when using the acetylene
precursor. Further, AFM analysis showed that the surface roughness of the DLC coating
produced with acetylene hydrocarbon precursor was lower than that obtained with
methane. Finally, nano-indentation testing indicated that the DLC coating created using

acetylene gas source (CzH) exhibited higher hardness (H) and elastic modulus (E).

https://doi.org/10.30501/jamt.2024.473494.1304

URL.: https://www.jamt.ir/article 211650.htm

1. INTRODUCTION

Diamond-Like Carbon (DLC) is another name for
amorphous carbon that contains a significant percentage
of sp® diamond bonds (Robertson, 2002). DLC exhibits
outstanding properties, including high hardness, low
friction coefficient and wear rate, chemical neutrality,
high corrosion resistance, high electrical resistance, and
biocompatibility. These coatings consist of a
combination of graphite (sp?) and diamond (sp®) bonds.
The sp?/sp? ratio varies depending on the deposition
process, conditions, and carbon source (Chowdhury et

this process. When molecular ions strike the surface of
the substrate and coating, they break apart, and their
kinetic energy is distributed among the carbon atoms.
The resulting effective energy is calculated per carbon
(Robertson, 1994; Haiping et al., 2024). This means that the
properties of DLC coatings depend on the gaseous
precursor molecule. Therefore, changes in the gas source
impact the structure and properties of the DLC coatings
mainly due to the difference in H/C ratio in the
composition of hydrocarbon gases (Robertson, 2002;

al., 2004). Consequently, the structure, mechanical
properties, and tribological performance of these
coatings differ across the reports. lon beam-based
processes offer unique advantages. In these methods, ion
bombardment is used to improve surface properties and
create coatings. One key benefit of the ion beam
deposition process is the low coating temperature along
with enhanced adhesion to the substrate due to the
stitching process (Lichun et al., 2011). This technique
allows for the creation of thin diamond-like carbon layers
by ionizing hydrocarbon gases and accelerating carbon
ions toward the substrate using electric fields.
Hydrocarbon gases such as methane, acetylene, ethane,
and benzene are commonly utilized as carbon sources in

Robertson,1994). Therefore, this research investigates
the effect of hydrocarbon precursor on the structural
changes in carbon coatings created through the ion beam
process.

2. MATERIALS AND METHODS

In this research, AISI 4140 steel was used as the
substrate. The samples were polished using different
grades of grinding papers (from #80 to #3000) followed
by washing in an ultrasonic bath for 20 min at 40 °C and
40 kHz in acetone. To deposit DLC thin layers, ion beam
deposition process was employed, using a radio
frequency source and two hydrocarbon gas sources
acetylene (C;H;) and methane (CH4)_ with 99.99%

purity.
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3. RESULTS AND DISCUSSION
Figure 1 presents the graph obtained from Raman
analysis for the DLC coatings created using acetylene
(C2H2) and methane (CHs) gas sources. The Raman
analysis results for carbon coatings created by acetylene
and methane hydrocarbon precursors indicate the
presence of G and D peaks, confirming the formation of
the DLC phase in the structure of the coatings. The Ip/ls
ratio for the DLC coatings with different gas sources was
extracted from Raman spectroscopy chart. To calculate
this, the height of peak D was divided by the height of
600 -
DLC: C;H:
In/lG=0.49

400

Intensity (a.u.)

200

G band

peak G, yielding numerical value that represents the
intensity ratio of peaks D to G. The Ip/lg ratios for the
DLC coatings with acetylene gas source (C.H,) and
methane gas source (CH4) were obtained as 0.49 and
1.02, respectively. These values indicate that the DLC
coating deposited with acetylene gas source has more
diamond-like characteristics. In contrast, the higher Ip/lg
ratio for the DLC coating created with methane gas
source suggests a more regular structure with a lower
amount of irregular sp3 phase, compared to the coating
created with acetylene gas source.
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Figure 1. Raman spectrum of DLC films a) DLC (C2Hz), b) DLC (CHa)

4. CONCLUSION

According to the results of Raman analysis, the
lowest Ip/lg value was observed in the Diamond-Like
Carbon (DLC) coating created using an acetylene
(C2H2) source. The graphite clusters size for this coating
was the smallest, measuring 9 angstroms. Additionally,
the FWHM (G) value for DLC (C2H>) coating was 162
cm* which was higher than that of DLC (CHa) coating.
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