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-ABSTRACT The surface nitrogen permeation of Al alloyed 0.14%C-13%Cr
_stainless steels was investigated after heat treating at 1050°C ~1150°C in the nitrogen

. gas atmosphere, The strong affinity between Al and nitrogen permeates the nitrogen

“‘through the interior of the steels, Two precipitates of round type and needle type are
observed at the surface layer. These precipitates mainly consist of AIN containing plenty
of aluminum, The surface layer of 0.53%'Al alloyed specimen shows ferrite phase, while
the surface layers of 1.65%Al and 2.27%Al alloyed specimens appear ¥ plus a@ phases.
The depth of nitrogen permeation depends upon the Al content and microstructure of
the matrix,. The 1.,65%Al alloyed specimen representing a+¥ matrix phases at the
nitrogen permeation temperature shows the maximum case depth in this experiment.
Although the surface hardness increases by raising the Al content of the specimen
owing to the increase of nitride precipitation density, the nitride precipitation deteriorates
the corrosion resistance in the solution of HCl, H2SOs, and FeCla,

Key words : Surface nitrogen permeation, AIN precipitation, Solution nitriding, Al
addition, 13%Cr stainless steel, Surface phase change,
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Fig. 1 Microstructure of nitrogen permeated specimens showing the case
depth and matrix phase after heat treating in the lkg/cm? nitrogen
gas atmosphere at 1150°C for 10 hours.
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Fig. 2 Microstructure of the MS2 specimen after heat treting at 1150C showing
the nitrogen permeation morphologies at the surface.
(a)polished surface (b)etched surface

Fig. 3 Mlerostructure of the MS3 specimen after nitrogen permeation heat
treatment In the 0.5kg/cm? nitrogen gas atmosphere for 10 hours
showing the changes In case depth and matrix phase with temperature.
(a)10007C (b)1100°C {ec)1150°C (d)1150°C matrix
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Fig. 4 Microstructure showing the surface
precicpitate morphologies after heat
heat treating in the 0.5kg/cm?
nitrogen gas atmosphere for 10
hours.
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Fig. 5 X-ray diffraction patterns of the
surface layer after heat treating in
0.5kg/cm? nitrogen gas atmosphere
at 1150°C for 10 hours.
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Flg. 7 Hardness profiles of 13%Cr stainless
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1kg/cm? nitrogen gas atmosphere at
1100C for 10 hours.
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Fig. 8 Variation of case with temperature
for Al alloyed 13%Cr stainless
steels after heat treating in the
0.5kg/cm? nitrogen gas atmosphere
for 10 hours.
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Fig. 9 Variation of case depth with time
for Al alloyed 13%Cr stainless
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0.5kg/cm? nitrogen gas atmosphere
at 1150°C
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Flg 12 Effet of nitrogen permeation on
the corrosion rate after 10 hours
immersion in the various acidified
solution.

The specimens are heat treating
at 1150'C for 10 hours in the
0.5kg/cm? nitrogen gas atmsphere.

§lok Alo] 165% 718 MS3AEOIA HejolE+

PEAIEAE FH 7)Ast 4@E+22uy
O J13 EU3Y YAAE viay ud
B FeCosfoNE Hl&8 WaAE HolAw, HCl
§ 3 HsSO e
§ 4%Y EUZY WMol #2 AeEe ¥4 9
¥ o Fie 6o EDX24 BHolMst o] F2uF
¥ oo g8 592 Y48 erEUolEAL CrY
| %ol BAHA GF WAV 388 1857 4B
£ o WAl g 8 Aoz sdsuAT, EuS
T o 4% we g IREH LAHUEA)
1 BAYANE o) fo] o|A o] $HEA 0] Y4
§ A€ A8 qBe) BRZY WAL Yy
7121&4 AsEcy veY 4 Ao,

:4.@%

{ A Wi%e W8T 0unC13%CdE 3
. AR T2l ALAF YHBY] O
DA AES 99

1) BAZ] 4EEL 7Y YPHEEE o|F

AHBAT N AgEo]

RRATHRANE 124, 30 1999/229

oA ow FTHHFEY AIYPo| YFHFEA
M 3o o g4 Jeidd ol 428 F2 Al
o] THY AINSE WA 4ed FUFYx
YL 053%Al0] Y7t B selo|EA ol Ao
165%A1 R 227%Al°] J7HE 7HE L2H|YolE
+Hgo|EAr O ey

2) Azt FA9] e UYL o)L AAY
F gAMeA Al ¥7HE Fotel wet YF39
Hol7t AAAA T, ALUF A XA 7)
A7t wetolE @Al 221%Al0] H7tE AEkg
HEolE+ R AH U EARQ] 165%Al0] 71E Al
E7F Al @32 Holk ALUFEZE Yo7t H
A,

3) Y A FeA JATIAYY, Al
He)A1zte] Z7tol whel FAYF A2 o)
© A, Aol {2 053%AMNEE A
AT SEOM LAHUOEARY o] Bolx
ML, A7 ¥ Favtr g¥Ev et A
AFF Yolg wsrt 712 FAd,

4) AIAZYE Fulel o8 ABE HEdgo] Fi}
o] BEZY AT E A s, A
B Y& o# HCL HSO« R FeCh 81710149
WA A

#ng#

1) H Bems, & S. Siebert : “Oth Int. Cong. on
Heat Treat and Surf, Eng. & Franch Open
Int. Conf. on Heat Treat.” France, 26-28 Sep.
1994, 175

2) H. Bems, & S. Siebert : ISUJ Intemational 36.
7(1996) 927

3) H. Bemns, & S, Siebert : “Fourth International
Conference DUPLEX STAINLESS STEEL
Vol. 1 paper 120, 13-16 Nov. 1994, Glasgow
Scotland,

4) H. Berns : ISU Intemational, 36 (1996) 906.

5) H. Bems, R. | Juse: “Proceedings 6th



230/13%Cr 2W A2 S] EW Y& YRAoinie APt 9%

Intmational Semina of IHFT", Kyonj, Karea,
1997, 215

6) P. J. Uggowitzer, R. Maddowski, & M. O
Speidel : ISU International 36(1996) 901

7) F. B, Pickering : High Nitrogen Steel, J. Foct
& A. Hendry Eds The institute of Metals,
Londan, (1989) 10

8) V. G. Gavrluk : ISU Intemational, 36(1996)
738.

9) J. Romu & H. Haenninen : "High Nitrogen
Austenite Stainless Steel Manufacturing
Technologies’, Heksinki, Univ, of Technology.
Espoo, Finland (1993) 8

10) D, R. Ansin, R, J. Pomfret & A. Hendry :
ISU International, 36(1996)750

11) {FAM, F54, Z8F A0 a4y
), 37(1999)258



	zvbg: 
	zsgvb: 
	fbxz: 
	dgv: 


