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Phase Structure and Tribological Properties of DLC Coatings
Combined with Nitriding on Surface of AISI 316LL

HUANG Zhen, GUO Yuanyuan, TENG Yue, YANG Li, YANG Yongjie, WU Fayu

(Surface Engineering Institute, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: In order to improve the adhesion strength between diamond-like carbon (DLC) coatings and the austenitic stainless
steels, DLC coatings were prepared on the surface of untreated and nitridied AISI 316L at different deposition temperatures by
plasma-enhanced chemical vapor deposition (PECVD) technology. Phase structure and tribological properties of the coating
were investigated. X-ray diffraction (XRD) and Raman spectroscopy were used to characterize the phase structure of the
coatings. The cross-sectional morphology was observed by scanning electron microscope (SEM), and the depth distribution of
nitrogen and carbon elements was measured by EDS. Nano-indentation instrument, friction and wear tester, 3D optical
microscope and scratch tester were used to evaluate the tribological properties of DLC coatings. The results show that the
adhesion strength and wear resistance of DLC coatings combined with nitriding are higher than that of the single DLC
coatings. Deposited at 100 °C, accompanied by the best modification, the hardness and adhesion strength increases by 25% and
175%, respectively, and the comprehensive performance is the best. During the deposition of DLC coatings, the nitrogen atoms
in the nitrided layer are re-distributed due to the diffusion, increasing the thickness of the nitrided layer and decreasing the
gradient of hardness, which contributes to a better transition between the substrate and the DLC coatings.
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Table I Chemical composition of 316L stainless steel (w /%)

Element C Si  Mn P Ni Cr Mo
Content 0.14 044 135 0.015 8.137 15.84 1.327

R PTG 55 5 1 R AL 4l B B2 R XA SS9 R
T AT AR A AL TAL 2] (WL SCHR [15]). A A& AT
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DUBGREESY 912 50, 100 1 150 °C, JUAREHE
5h. 7EUIFIDLC Wi, A& T a
W FE LI I B Z rhr 9842 = D e ik b (High
power plus, HPP) FLJR, 75435 % & &1k, i
A TFETEFHR R TR R, A ROk e R R T
ZfER
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1—Pulse power system; 2—Vacuum chamber; 3—Inflatable system;
4—Molecular pump; 5—Mechanical pump; 6—Control system;
7—Sample; 8—Plasma convergence network; 9—Sample frame;
10—Experimental gas

/1 PECVD &4/ rEA
Fig.1 Schematic diagram of PECVD reactor
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Fig.2 XRD patterns of the substrate, nitrided layer and DLC
coatings combined with nitriding
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Fig.4 Depth profile of the elements for nitrided layer and DLC coatings combined with nitriding
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Fig.5 Raman spectral Gaussian fitting curves of DLC coatings and DLC coatings combined with nitriding
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Table 2  Adhesion of DLC coatings and DLC coatings combined

with nitriding

Adheson /N
Deposition temperature / °C
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100 5.84 2.12
150 5.45 5.15
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