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Abstract The effects of the high temperature gas nitriding (HTGN), tempering and subzero treatment of STD11
steel have been investigated. HTGN treatment was carried out at 1050°C, 1100°C and 1150°C for 1 hr. in an
atmosphere of 1 kgicm? nitrogen gas. Tempering and double-tempering were performed at 550°C for 1hr. The
surface layer of HTGN-treated steel appeared the precipitates of M_N, M,;C, and M,,C; in the matrix of austenite.
However, the interior region exhibited martensite with the precipitation of carbides. The nitrogen content of the
surface layer appeared ~1.35 wt.%, ~0.83 wt.% and ~0.56 wt.% at the HTGN treatment temperature of 1050°C,
1100°C and 1150°C, respectively. The surface hardness of double-tempered and subzero-treated steel mea-
sured the maximum value of 828 Hv, 960 Hv, 750 HV after HTGN treatment at the 1050°C, 1100°C and 1150°C,
respectively. These hardness value increased above 230~420 Hv compared with the HTGN-treated steel due to

the decrease in retained austenite and existence of fine precipitates.
(Received August 5, 2009; Accepted August 10, 2009)
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Table 1. Chemical composition of specimens (wt.%)

Specimen C Si Mn P

Cr Ni \% Mo N Fe

STD11 1.50 0.220 | 0.256 | 0.023

0.014 | Bal.
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Fig. 1. Optical micrographs of STD11 steels after high temperature gas nitriding treatment at various temperatures
for 1 hr. (a) as-received (b) 1050°C, (c¢) 1100°C and (d) 1150°C. )
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Fig. 2. Hardness as a function of depth below the
surface for HTGN-treated STD11 steel at 1050°C,
1100°C and 1150°C for 1 hr.
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a |37.74|10.87| 1.59 |45.60] 1.75 | 2.45 a |36.83|18.03] - [40.73|1.93|247]| a {32.03| 506 | 1.17 |59.87] 1.87 | -
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Fig. 3. SEM micrographs and EDS analysis results of surface layer after HTGN treatment at (a) 1050°C, (b) 1100°C

and (c)1150°C.
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Fig. 4. X-ray diffraction patterns of STD11 steel after HTGN treatment at various temperature for 1hr. (a) 1050°C, (b)
1100°C and (c)1150°C.
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Fig. 5. Changes in C, N and Cr contents with depth below the surface after HTGN treatment at various temperature.

(a) 1050°C, (b) 1100°C and (c)1150°C.
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Fig. 7. Optical micrographs of double-tempered and subzero-treated STD11 steels after HTGN treatment for 1 hr.
(@) 1050°C HTGN + 550°C double tempering + subzero treatment.
(b) 1100°C HTGN + 550°C double tempering + subzero treatment.
(¢) 1150°C HTGN + 550°C double tempering + subzero treatment.

Fig. 8. SEM micrographs of duouble-tempered and subzero-treated STD11 steels after HTGN treatment for 1 hr.
(a) 1050°C HTGN + 550°C double tempering + subzero treatment.
(b) 1100°C HTGN + 550°C double tempering + subzero treatment.
(¢) 1150°C HTGN + 550°C double tempering + subzero treatment.
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Fig. 9. X-ray diffraction patterns of duouble-tempered and subzero-treated STD11 steel after HTGN treatment for 1 hr.
(3) 1050°C HTGN + 550°C double tempering + subzero treatment.
(b) 1100°C HTGN + 550°C double tempering + subzero treatment.
(c) 1150°C HTGN + 550°C double tempering + subzero treatment.
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Fig. 10. Hardness as a function of depth below the surface for HTGN, double tempered, and subzero-treated in

STD11 steel.

(2) 1050°C HTGN + 550°C double tempering + subzero treatment.
(b) 1100°C HTGN + 550°C double tempering + subzero treatment.
(c) 1150°C HTGN + 550°C double tempering + subzero treatment.
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