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The Effect of Pre-Heat Treatment Parameters
on the lon Nitriding of Tool Steel

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

Abstract The effects of pre-heat treatment(Q/T) on microstructure and hardness of STD11 and STD61 tool steel
nitrided by micro-puise plasma were investigated. The quenching temperature for obtaining matrix hardness of
STD11 and STD61 steel on range of HRC 50 to HRC 60 desired for machine parts is about 1070°C and 1020°C
respectively. The hardness of STD11 and STD61 quenched at the temperature was HRC 63 and HRC 56 respec-
tively. The nitrided case depth of STD11 and STD61 nitrided at 550°C for 5 hours was independent of pre-heat treat-
ment condition and the depth was approximately 100 um. However, hardness and compactness of nitrided layer on
QIT treated specimen were higher than the annealed specimen. The case depth increased linearly with the increase
of nitriding temperature, however, the hardness of nitrided layer decreased with the increase of temperature. Phase
mixture of Y-Fed4N and e-Fe, ;N was detected by XRD analysis in the nitrided layer formed at the optimum nitriding
condition. The optimum nitriding temperature was approximately 490°C which was 10°C lower than the tempering
temperature for preventing softening behavior of STD11 and STD61 matrix during nitriding process and the surface
hardness of nitrided layer obtained by optimum pre-heat treatment condition was about Hv1400.
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Table 1. Chemical composition of specimen.
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Fig. 1. Schematic diagram of micro-pulse plasma diffusion
treatment apparatus.
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Fig. 2. Hardness versus tempering temperature curves
of STD11 steel quenched at various temperature.
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Fig. 3. Hardness versus tempering temperature curves
of STD61 steel quenched at various temperature.
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Fig. 4. Cross sectional view of STD11 [(a), (c)] and STD61 [(b), (d)] steel plasma nitrided at 490°C for 5 hours; (a) and (b)
annealed, (c) quenched (1070°C) and tempered (500°C), (d) quenched (1020°C) and tempered (500°C).
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Fig. 5. Hardness profiles of STD11 steel ion nitrided at
490°C for 5 hours.
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Fig. 6. Hardness profiles of STD61 steel ion nitrided at
490°C for 5 hours.
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Fig. 7. Cross sectional view of STD11 and STD61 steel ion nitrided at 490°C.
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Fig. 8. Effect of annealing and tempering temperature on
hardness profiles of STD11 steel ion nitrided at 490°C.
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Fig. 9. Effect of annealing and tempering temperature on
hardness profiles of STD61 steel ion nitrided at 490°C.
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Fig. 10. X-ray diffraction patterns of the ion nitrided STD11
steel pre-heat treated at various temperature; (a) annealed
(b) 500°C (c) 550°C (d) 600°C.
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Fig. 11. X-ray diffraction patterns of the ion nitrided STD 61
steel pre-heat treated at various temperature; (a) annealed
(b) 500°C (c) 550°C (d) 600°C.

80 88 90

Fe, N¢] EsMdoz 1A= IS o 5 it a9
I QT A ¥ 2xrt sl wet y-
Fe N¢| %o T BoldS & & Sloh o)Re Ak
2] YA &3l £ WD No| 150l = &
831 7] WZ1 Aoz Azt

(3 AAe %9 I

500°Col A €lH&3 STD1174 2 STD6173-E 460
°C, 490°C, 520°C 2 550°CollA] 5717t E<t zHzt &
H)§ F ZHglziolo] ME AEHSIE FAEI o,
1 ZME Fig. 12 3 Fig. 139 2 JeRiit).
oA R ule} o), 460°CollA] M)Al BRAEE
T 7 F3 oF Hvld00 AEE 7Y sgkor, 2
257} AsErEE FUATE Ao 5500CE W3}
39S A= 4=} oF Hvllgo A== 7M yisi)



T ol vAlE oEA 29| ¥ 33

1350 4 -
f ‘:“ ”:-:;‘c
L 2% .
vy 4 550°C
1200,7\\K‘\ boathe e
L oAW

A
1050 F 3\ L ]
900 .

=
<
@
£
B 750 — e
I SR G W W— Y
600 | v, E
.
3 Yy
450 | E
300 R

Il i 1 1 1 1

0 50 100 150 200 250 300

Distance from surface (um)

Fig. 12. Effect of nitriding temperature on hardness
profiles of STD11 steel ion nitrided for 5 hours.
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Fig. 13. Effect of nitriding temperature on hardness
profiles of STD61 steel ion nitrided for 5 hours.
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