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Characterization of DLC Films Deposited on Plasma Nitrided Stainless steel
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1. Introduction

Stainless steels acquired great importance in both industrial and medical communities over the last few decades since they had
excellent corrosion resistance and mechanical strength enough to be utilized in a wide range of applications. However, some
grades of stainless steel still had poor tribological properties (e.g., high friction coefficient and abrasive wear rate); they
shortened the lifetime of tools and parts in these applications and increased their maintenance cost [1].

Many attempts to overcome these limitations have been conducted by depositing a thin layer to improve the mechanical and
tribological properties. In particular, among the diamond-like carbon (DLC) coatings, a hydrogenated amorphous carbon (a-C:H)
thin-film material that best satisfies the previous classification. Recently DLC films attracted significant attention due to their
ability to be tailored to fit several applications in severe conditions and environments [2].

Nevertheless, depositing DLC film on metallic substrates is often hindered by its poor adhesion caused by different thermal
expansion coefficients of both steel and DLC film which drives total delamination. In order to solve this problem, various types of
interlayers (Si, Mo, W, CrN, and TiN) have been tested [3].

In this paper, plasma nitriding is utilized as a pretreatment process in an attempt to enhance the adhesion strength of DLC film on
a steel substrate. A comparison between DLC film deposited on nitrided steel as opposed to non-nitrided steel substrates in terms
of mechanical and tribological behavior is investigated.

2. Experiment procedure

The material used in this study is AISI-SUS420-J2 martensite stainless steel with a chemical composition of Cr 0.08%, Ni 2%,
Mn 1%, Si 1%, P 0.04%, C 0.15%, Si 0.03%, and Fe in balance.

A RF-DC high-density plasma nitriding system was employed using N2 and Hz gases for 4 h and at 673 K. Detailed nitriding
procedures were explained elsewhere [4,5].

Diamond-Like Carbon (DLC) films were deposited by bipolar plasma based ion implantation (PBII) technique using
Tetramethylsilane (TMS) and Toluene (C7Hs) gases at ambient temperature for a total of 3 h under positive and negative voltages of
+1.5 and -5, receptively.

After both processes, the samples were cut and polished until a mirror-like surface is obtained in the cross-section. All samples
were analyzed and observed by Raman spectroscopy, scanning electron microscope (SEM), and energy dispersive spectroscopy
(EDS). The adhesion between DLC films and substrate was
tested by using the Rockwell C indentation method with 1471N
(150 kgf) load. The indented areas were later observed by digital

microscopy.

3.  Results and discussion
Figure 1 shows the Raman spectra of a-C:H films deposited
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on the stainless steel substrate with and without nitrided layer.
Both D and G peaks are recorded at 1380 ¢cm™' and 1548 cm™!
respectively. The calculated Ip/I intensity ratios of both spectra
are 0.65.

Figure 2a shows the SEM cross-sectional image on the
DLC-coated AISI420-J2 substrate including the silicon Fig. 1 Raman spectrum of DLC deposited on martensitic

a-SiCx:H interlayer. The thickness of DLC coating is 2.4 pm stainless steel (a) without nitrided layer and (b) with
and a-SiCx:H interlayer has a thickness of 0.5 pm. The bare nitrided layer.

nitrided AISI420J2 substrate is also shown in Figure 2b. The
nitrided layer thickness is 30 um with different morphologies than the original substrate material. These different morphologies
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are obtained due to the nitrogen diffusion into the steel structure which leads to a high percentage of grain refinement and phase

transformation from the original martensite (a') phase to the expanded martensite (a'n) phase. This phase transformation is
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confirmed by the XRD diagram of the nitrided sample.

Concentrations of C, Si, and N elements are detected at each
corresponding layer by analyzing the EDS mapping and the
SEM images. No trace of oxygen or any other contamination is
detected in between the deposited layers which suggests the
compatibilities between these dissimilar layers.

Figure 3 illustrates the Rockwell C indentation to test the
adhesion of both types of samples. Radial microcracks and
partly delaminated areas are spotted around the indented region
of the DLC film deposited on the non-nitrided sample as shown in
Fig. 3(a). These failures are given a HF2 type of acceptable
failures according to the VDI 3198 indentation test [6]. On the
other hand, hardly visible few microcracks are spread out of the
imprint of the DLC film on the nitrided sample as seen in Fig.
3(b).

Even though the DLC films are deposited under identical
conditions, the DLC film on the nitrided sample possesses a
more superior adhesion. This can be attributed to the high
hardness and stiffness of the nitrided thickness. Furthermore, the
30 pum nitrided layer provides a uniform gradual transition
between the substrate and brittle DLC coating which improves
the bear loading capacity of the thin DLC film to better
withstand high plastic deformation.

4.  Conclusion

The supersaturated nitrided thickness of 30 pm is proven to
have a tremendous impact on the adhesion strength of DLC film
on martensitic stainless steel. Both the a-SiCx:H layer along
with nitrided thickness are believed to be a perfect combination
to improve the mechanical and tribological properties.
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Fig. 2: SEM cross-section micrograph of DLC films
deposited on both (a) AISI420-J2 and (b) nitrided
AlSI420-J2 samples.

Fig. 3 Optical images on the DLC films indented in
Rockwell C with the load of 1471 N. (a) DLC film on
the non-nitrided sample, (b) DLC film on nitrided
sample.





