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Abstract This study has investigated the surface phase change, hardness variation, surface precipitates, nitro-
gen content and corrosion resistance in STS 431 (17Cr-2Ni-0.2C-0.01Nb) martensitic stainless steel after high
temperature gas nitriding (HTGN) treatment at the temperature range between 1050°C and 1150°C. The HTGN-
treated surface layer appeared Cr,N of rod type, carbo-nitride of round type and fine precipitates in the austenite
matrix. On the other hand the interior region where the nitrogen was not permeated, exhibited martensite phase.
The surface hardness showed 250~590 HV, depending on the HTGN treatment conditions, while the interior mar-
tensitic phase represented 520 HV. The permeation depth of nitrogen increased with increasing the HTGN-
treated temperature. The nitrogen concentration of the surface layer appeared approximately ~0.17% at 1100°C.
On comparing the corrosion resistance between solution-annealed and HTGN-treated steels, the corrosion resis-
tance of HTGN-treated steel was superior to that of solution-annealed specimens.
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Table 1. Chemical composition of specimen (wt.%)
Specimen C Si Mn Ni Cr Nb Fe
STS431 0.2 0.35 0.74 1.98 17.42 0.01 Bal.
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Fig. 1. Optical micrographs of STS 431 martensitic stainless steel after high temperature gas nitriding (HTGN) at
various temperatures for 10 hrs; (a) 1050°C, (b) 1100°C, (c) 1150°C and (d) Enlarged view of the (a).
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Fig. 2. X-ray diffraction patterns of the outmost surface
after HTGN treatment at various for 10 hrs.
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Fig. 3. Changes in hardness as a function of depth below
the surface after HTGN treatment at various tempera-
tures for 10 hrs.
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Fig. 4. Optical micrographs of HTGN treated martensitic stainless steel at 1150°C for various time;

Fig. 5. Changes in hardness as a function of depth
below the surface after HTGN treatment at various

temperatures for 10 hrs.
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Fig. 6. SEM micrographs and EDS analysis result of surface layer after HTGN treatment at 1100°C for 10 hrs. (a)
high magnification (b) low magnification and (c) EDS analysis result.
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Fig. 7. SEM micrographs and EDS analysis result of solution-annealed surface layer at 1100°C for 2 hrs after HTGN
treatment at 1100°C and 1150°C, respectively; (a) 1100°C HTGN-SA and (b) 1150°C HTGN-SA.

Fig. 8. TEM micrograph and SAD patterns at the surface layer after HTGN treatment at 1150°C for 10 hrs.

Yol
o] v} g2 4EE3 mark b 2 um F7]¢]
FHH) HEEo] B v 2 24y
£S5 EDS &4 27 Feo 3hdo] 9l Cr & N
o] ghgo] wl$- ¥& Ao=Z Hol MN E& MN
AslEg FAE (b) 28elME AU L YA
B AESES B 5 3lon Fed] o] Y
Cr 3! No| 3ge] =t

Fig. 7& 1100°C 2 1150°Celx] HTGN 12§
TS 1100°ColA] 1183} ofd&3t 3¢ Fu5S
FARIAIEN H o2 st 2Fotk (@) 2 (b) L

B2 AEEo] #EEH mark a= 8 pm =L7]
UH;H
|

Y%

oA = um F719] 78, A2 2 23 Fel o]
o MEEo] #AE EDS ¥4 Ay} zizte] A
FES Cr C 2 N9 Fo] 22 Ao Hol &
dslE= 99t

Fig. 8& 1150°Colx] HTGN 8] 3+ & <9
¥HZ] XEE TEM ¥ 2 JHfdS 24
Zao|th 300 nm 2719 wAIE ZF AEEo]
e sduel B4 2y Z =[100]9] Cr,Ne=Z
selEglon 7IAE FCC 729 QX HUolE ¢
AL & 4= Q.

Fig. 9= 1100°CollA] 10417+ HTGN #g] & 3%

PN ol N



STS 431 vlEERIRfo|EA AH|Qle|A7)e] 78 7lA

05

| Cr—

o
-

o
w

I —c

1 et T AP | .
-—N 1
v L T Ll e TP

L L
a 10 20

=]
vt
ogydos wnpwosy)

Nitrogen,Carbon weight%o

00

70 EID 9‘1] 100 11‘0 120
Depth below the lurl'lce(j.lm)

L L L L
30 40 S0 B0

Fig. 9. Changes in nitrogen content with depth below
the surface after HTGN treatment at 1100°C for 10 hrs.
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Fig. 10. Potentiodynamic polarization curves in the
solution of 1 N H,SO, after HTGN and SA treatments.
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