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The Microstructures and Properties of Duplex Layer on the
Tool Steel Formed by Post-oxidation and Sulfnitriding

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

Abstract The effects of post-oxidation and sulfnitriding treatments on the phase transformation in the nitrided case
of tool steels have been studied. Dense and compact Fe,O, layer was formed at the outer surface of nitride com-
pound layer by post-oxidation treatment and multi layer of iron sulfide(FeS) was formed in the compound layer by
sulfnitriding treatment. The surface hardness decreased because of formation of the soft oxide or sulfide at the nitride
surface. Diffusion layer of nitride case was not affected by post-oxidation treatment or sulfnitriding treatment of

nitrided alloy tool steels.
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Fig. 1. Hardness profiles of STD11 and STD61 steels
plasma nitrided and oxidized at 490°C for 1 hour.
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Fig. 2. X-ray diffraction patterns of plisma nitrided and
oxidized STD11 steel at 490°C for 1 hour; (&) surface (b)
diffusion layer (c) substrate.
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Fig. 3. X-ray diffraction patterns of plasma nitrided and
oxidized STD61 steel at 490°C for 1 hour; (a) surface (b)
diffusion layer (c) substrate.
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Fig. 5. Cross sectional view of STD11 steels plasma nitrided
and oxidized at 490°C for 1 hour in H,0 vapor environ-
ment.
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Fig. 7. Hardness profiles of STD11 and STD61 steels
plasma nitrided and sulfnitrided at 490°C.
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Fig. 8. SEM/EDS analysis of plasma sulfnitrided STD11 steel. (a) nitrided + sulfnitrided (b) sulfnitrided.
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Fig. 9. SEM/EDS analysis of plasma sulfnitrided STD61 steel. (a) nitrided + sulfnitrided (b) sulfnitrided.
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Fig. 11. EPMA line profiles of STD11 steel plasma nitrided and sulfnitrided at 490°C for 2 hours.
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Fig. 12. EPMA line profiles across nitrided case and alloy substrate for STD61 steel plasma nitrided and sulfnitrided at 490°C

for 2 hours.
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Fig. 13. X-ray diffraction patterns of plasma nitrided and
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hours; (a) surface (b) diffusion layer (c) substrate.
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