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The Microstructures and Properties of Surface Layer
on the Tool Steel Formed by lon Nitriding
-Effects of Process Parameter-

J. 8. Lee, H.G. Kim* and Y. Z. You
RRC/ReMM. School of Mat. & Met. Eng., University of Ulsan
*Dept. of Metall.. Eng., Pukyong National University

Abstract The effects of gas composition, pressure, temperature and time on the case thickness, hardness and
nitride formation in the surface of tool steeis(STD11 and STD61) have been studied by micro-pulse plasma nitriding.
External compound layer and internal diffusion layer and the diffusion layer were observed in the nitrided case of tool
steels. The relative amounts and kind of phases formed in the nitrided case changed with the change of nitriding con-
ditions. Generally, only nitride phases such as y(Fe,N), e(Fe, ;N), or Cr, ,V, ,sN, phases were detected in the com-
pound layer, while nitride and carbide phases such as e-nitride(Fe, ;N), (Cr,Fe),C, or Fe,C were detected in the
diffusion layer by XRD analysis. The thickness of compound layer increased with the increase of nitrogen content in

the gas composition. Maximum case depth was obtained at gas pressure of 200Pa.
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Table 1. Micro-pulse plasma nitriding conditions.

ParaoeaeAt™ent | Sputtering Nitriding
Ar 8 -
Gas(%) H, 92 80, 60, 40
N, - 19, 39, 59
CH, - 1
Pressure(Pa) 70 100, 200, 300
Voltage(V) 820 540 - 600
Current(A) 34 2-3
Pulse time(us) 200 150 - 400
Pause time(us) 80-100 80
Holding time(hr) 0.5 1,3,5,7,10
Temperature(°C) 450 - 540 460, 490, 520, 550

Table 2. Condition of the XRD measurement.

Target/Filter Cu-Ko/Ni
Voltage/current 30kV/15mA
Scan speed 5°%/min
Scanning angle range 10°- 100°
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Fig. 1. Effect of nitriding time on hardness profiles of STD11
_ steel plasma nitrided at 490°C.
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Fig. 3. Cross sectional view of STD11 steel plasma nitrided at 490°C; (a) 1hr (b) 3hrs (c) 5hrs (d) 7hrs (e) 10hrs.
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Fig. 2. Effect of nitriding time on hardness profiles of STD61
steel plasma nitrided at 490°C.
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Fig. 4. Cross sectional view of STD61 steel plasma nitrided at 490°C; (a) 1hr (b) 3hrs (c) 5hrs (d) 7hrs (e) 10hrs.
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Fig. 5. Effect of nitriding time on case depth of STD11 and
STD61 steels plasma nitrided at 490°C.
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Fig. 6. X-ray diffraction patterns from the surface of plasma
nitrided STD11 steel at 490°C for 5 hours; (a) surface (b)
diffusion layer (c) substrate.
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Fig. 8. EPMA line profiles across of STD11 steel plasma nitrided at 490°C for 5 hours.
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Fig. 9. EPMA line profiles of STD61 steel plasma nitrided at 490°C for 5 hours.
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