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ABSTRACT: The work aims to study the micro-structure of different composite coatings and the effects on mechanical proper-
ties. Plasma nitriding, (Cr,Ti)N coating, nitriding+(Cr,Ti)N coating and nitriding+Cr+(Cr,Ti)N coating were strengthened on the
surface of austenitic stainless steel by plasma enhanced magnetron sputtering system. The effects of different modified layers on

micro-structure and mechanical properties were studied respectively by XRD, SEM, nano-indentation tester, pin-on-disk tri-
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bometer and scratch tester. After nitriding, supersaturated solid solution phase with high nitrogen content (yy) was formed with a

few precipitations of Cr,N and Fe,N. The hardness and modulus were respectively 18.3 GPa and 264.7 GPa. The in-situ deposi-

tion of the coating after nitriding effectively prevented the precipitation of the nitride phase, and promoted the diffusion of su-

persaturated nitrogen into the substrate, thus increasing the depth of nitrided layer. The nano-hardness and modulus of (Cr,Ti)N

coatings combined with nitriding were higher than those of single (Cr,Ti)N coating (20.2 GPa and 271.8 GPa), and those of ni-
triding+(Cr,Ti)N were the highest (25.4 GPa and 345.6 GPa), followed by those of nitriding+Cr+(Cr,Ti)N (22.4 GPa and 326.3

GPa). The adhesion strength of (Cr,Ti)N coating combined with nitriding was the highest due to the gradient transition of ni-

trided layer, which improved from that of the single coating of 9.5 N to 53 N. The friction coefficient decreased to 0.43, and the

wear-rate was the minimum, namely 0.66% of that of the substrate. The (Cr,Ti)N composite coating combined with nitriding has

the best mechanical properties.

KEY WORDS: plasma nitriding; (Cr,Ti)N coating; in-situ preparation; austenitic stainless steel; micro-structure; mechanical property
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Fig.1 Diagram of plasma enhanced magnetron sputtering equipment
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Tab.1 Deposition parameters of different modified layers

Nitriding Filament Tempera r Deposition
Sample Bias Gas/  Time Pressure current  ture/C layer Bias Gas/  Time Pressure/ Target
/N (mLmin") /h  /Pa /A /V' (mL-min"") /h Pa  current/A
PN -300 ll\éz(ﬁ% 3 0.3 6x4 380
(Cr, TN 6x4 380 With 50 E?(I)Z//Z?)E) 3 0.5 % g:g
PN+(Cr,TON 300 ll\éz(ﬁ% 3 0.3 6x4 380 Without —50 g\(l)z//z[?)i) 3 0.5 % g:g
PN+Cr+(Cr,TON -300 ll\éz(ﬁ% 3 0.3 6x4 380  With  -50 E?(I)Z//Z?)E) 3 0.5 % g:g

Note: PN is plasma nitriding
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Fig.2 XRD spectra of the substrate and the different modified layers
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Fig.5 Results of nano-indentation: a) hardness; b) modulus
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Tab.2 Mechanical properties of the different modified layers

Sample Adhesion/N u H/GPa E/GPa HIE® HE™? Wear rate/%
316L 5.1 215.7 0.0220 0.0025 100
PN 0.74 18.3 264.7 0.0647 0.0765 1.37
(Cr,Ti)N 9.5 0.49 20.2 271.8 0.0696 0.0979 0.72
PN+(Cr,Ti)N 50.9 0.43 25.4 345.6 0.0688 0.1202 0.66
PN+Cr+(Cr,Ti)N 23.3 0.55 224 326.3 0.0643 0.0925 1.74

Note: E*=E/(1-v%), Poisson’s ratio: v=0.25
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Fig.6 Optical images of the wear tracks (fig.a is substrate)
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