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Fatigue Properties of Stainless Steel Coated by DLC Multi-Layer
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This study was conducted to investigate effect of DLC (diamond-like carbon) multi-layer
coating on fatigue properties of stainless steel SUS304. The DLC multi-layer of 2.2 um thickness
possessed a laminated structure composed of very thin DLC layers in which hardness was different.
This structure was selected to prevent loss of the functionalities of the DLC layer through fracture
or peeling which could occur under impact force. The DLC multi-layer was generated by UBMS
(unbalanced magnetron sputtering) method. The result showed that microstructure of the substrate
was unchanged by the DLC multi-layer coating conducted at relatively low temperature, so that the
mechanical properties was maintained to the same level of the untreated material. The fatigue
strength was improved by the DLC multi-layer coating since the layer having a high strength
sufficiently adhered to the substrate and prevented initiation of fatigue cracks from the surface.
However, its fatigue strength was slightly lower than that of the material coated by DLC single-
layer. Such difference in the fatigue strength between the materials coated by the DLC multi-layer
and single-layer would result from the difference in the fracture strength of the layers.

Key Words: Surface Improvement, Iron and Steel, Fatigue, Coating Material, DLC Multi-Layer,
SUS304, Adhesion, Mechanical Properties, Sustainability
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Table 1 Chemical composition of SUS304 [mass%]

C Si  Mn p S Ni Cr Fe

0.06 0.35 1.68 0.034 0.027 8.30 18.7 Bal.
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Fig.1 Configurations of specimens [mm]: (a) but-
ton-type specimen, (b) tensile specimen (JIS Z
2201, No.14), (c) fatigue specimen (JIS Z
2274, No. 2)
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Substrate 3

Fig.2 Schematic illustration of the DLC multi-layer
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Table 2 Fundamental characteristics of the DLC single-layer and multiflayer

Thickness Surface ~ Young's Hardness Adhesion
roughness modulus (GPa) force
W am)  (GPa) ™)
single-layer(7)(8) 1.9 R,=500 365 59.3 . 25
DLC R~=13
multilayer 2 R-842 ¥ 408 22
----Untreated
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Fig.3 Feature of the DLC multi-layer observed on the >
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Fig.4 Hardness distributions measured on the cross-
section from the surface to the inside

um

(a) (b)

Fig.5 Microstructures of the substrates: (a) untreat-
ed, (b) coated by DLC multi-layer
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Table 3 Mechanical properties and grain size (diameter) of the materials untreated and coated by DLC single-layer

or multi-layer

Young’s Yield

Tensile

Reduction  Grain

modulus  strength  strength Elox(ll)%a)‘uon in area size
(GPa) ~ (MPa)  (MPa) ° (%)  (um)
Untreated”® 188 244 598 68 78 58
Coated b
DLC singlo. a)}:erm(s) 195 238 591 70 77 56
IILg?i$E;3§yer 185 250 590 73 75 57
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Fig.6 Features of the material coated by the DLC
multi-layer after the tensile test: (a) side fea-
ture, (b) its enlarged feature, (c) tensile frac-
ture surface
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Fig.8 (a) Feature of the fatigue crack initiation site
observed on the fracture surface of the material
coated by the DLC multi-layer (0.=380 MPa),
(b) its enlarged feature
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