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Micro Structure and the Coefficient of Friction with H,S and C;Hg; Gas
Addition During Plasma Sulf-nitriding of SM45C Carbon Steel
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Abstract

Friction coefficient of SM45C steel was surprisingly reduced with H,S and C;Hg gas during plasma

sulf-nitriding. During the plasma sulf-nitriding, 100-700 sccm of H,S gas and 100 sccm of C;Hg gas were added
and working pressure and temperature were 2 torr, 500 - 550°C, respectively. As H,S gas amount increased over
500 sccm, flake-like structures were developed on top of the nitriding layer and grain size of the nitriding layer
were about 100 nm. The friction coefficient for the sample treated plasma sulf-nitriding under N,-H,S gas was
0.4 - 0.5. The structure became more finer and amorphous-like along with N,-H,S-C,H; gas and the nano-sized
surface microstructures resulted in high hardness and significantly low friction coefficient of 0.2.
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Table 1. Process parameters of plasma nitriding

Process | Pumping Heating Sputtering Nitriding Sulf-Nitriding Cooling
N, : 3000
N, : 3000 2
Ar : 500 2 H,: 1000
7k (seem) | - - H,: 500 a0 N, HS £ 100~1000 N
3 (C;Hy: 100)
Pressure 3x107 3x107 1.25 Torr 2 Torr 2 Torr 500 torr
Time 15 min 1h 1h h 2h -
voltage - - 500V 500V 550V -
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Fig. 2. Optical micrographs of the surface of sulf-nitriding with variation of N,-H,S (5%) gas amount (a) 100 sccm (b)

250 scem (c) 500 scem (d) 700 scem (e) 1000 scem.

(a) B

Fig. 3. SEM micrographs of the surface of sulf-nitriding with variation of N,-H,S (5%) gas amount (a) 100 sccm (b)

250 sccm (c) 500 scem (d) 700 sccm (e) 1000 scem.
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Fig. 4. Compound layer thickness of sulf-nitriding.
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Fig. 5. X-ray Diffraction Patterns of sulf-nitriding.
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Fig. 6. EPMA results of plasma nitriding sample under (a) N,-H,S (5%) 100 sccm, (b) N,-H,S (5%) 700 sccm.
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Fig. 7. Variation of the fiction coefficient of plasma nitriding sample treated under (a) Ion Nitriding (b) N,-H,S (5%)
100 scem (c) Ny-H,S (5%) 250 scem (d) Ny-H,S (5%) 500 scem (e) N,-H,S (5%) 700 scem (f) N,-H,S (5%) 1000 sccm.
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Fig. 8. Scanning electron micrographs with changing gas. (a) N,-H,S (5%) 700 sccm (b) C;Hg 100 sccm with Nyp-H,S

(5%) 700 sccm.
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Fig. 9. Variation of the fiction coefficient of (a) N,-H,S
(%) 700 sccm, (b) N,-H,S (5%) 700 scem, C;Hg 100 scem.
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