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Abstract — Austenitic stainless steel type 304L has been nitrided under the low pressure of high nitrogen
environment for 5 hours by the square-wave-pulsed-d.c. plasma as a function of temperature 400~
600'C and of pulsation. At the temperature range lower than 500°C and at the relatively high ratio of
pulse duration to pulse period, nonstoichiometric stainless steel nitride has been developed in the form
of a thin layer which has many cracks. At the temperature range higher than 500°C, with the increasing
temperature or with the increasing ratio of the pulse duration to pulse period up to 50 s/100 s, the ni-
trided layer was composed mainly of CrN and Fed4N phases and became thick, uniform, columnar and
nearly crack-free. The nitrided layer at 500°C was mixed with the low-temperature layer and the high-

temperature layer and was very brittle.
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Table 1. XRD-identified surface phases of the pulsed-d.c.-plasma- nitrided ASS* 304L as a function of pulsation and
temperature

empLO) 40 450 500 550 600
pulse**(PD/PP)
strong: CrN,
, . ASS
50/2,000 strong: ASS strong: ASS weak: CrN,
Fe.N, Ni;N
. ) strong: Cr.N strong: Cr,N
50/1,000 strong: ASS strong: ASS weak: ASS CIN, ASS
i . strong: CrIN, strong: Cr,N
50/500 strong: ASS  SITE /f;g Srone: /S;g CEN, FeN weak: Fe.N,
' ’ weak: ASS CIN, Ni;N
strong: “S”,
50/3300 Fe.N, CrN
weak: ASS
strong: S’ strong: S strong: Fe.N,
50/20 weak: ASS weak: Cr.N, CiN, S’
Fe,N, ASS
strong: Fe,N strong: Fe.N, Sgg;ﬁ: gf&N
50/100 CiIN, S’ CiN . )
weake CLN CLN, FeN,
cake M Fe:N, Ni.N

*ASS = austenitic stainless steel
**PD/PP = pulse duration (us)/pulse period ([is)
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Fig. 2. A micrograph of BEI- COMPO and EPMA of a
cross section of the plasma nitrided surface of ASS
304L by the pulsed (PD/PP =50 us/200 ps) d.c. 420V
at 400°C for 5 hours. HCl+H.O, solution etching.
EPMA: Fe K, 10 keps, Cr K, 3 kcps, Ni K, 3 keps and
N K, 1 keps.
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Fig. 3. A photomlcrograph of a cross section of the
plasma nitrided surface of ASS 304L by the pulsed
(PD/PP = 50 us/200 ps) d.c. 420 V at 450°C for 5 hou-
rs. HC1 + H;O; solution etching.

Fig. 4. A micrograph of BEI- COMPO and EPMA of a
cross section of the plasma nitrided surface of ASS 304L
by the pulsed (PD/PP =50 ps/200 us) d.c. 420 V at 450°C
for 5 hours. HCl+ H,0, solution etching. EPMA: Fe K, 10
keps, Cr K., 3 keps, Ni K, 3 keps and N K, 1 keps.

H WA wddtA et A4y old Zdolo upa} At
BEI-COMPO M E 328 o z} F3lge] FE2
ob w22k EPMA A 84 Aab= ol Crido] 25

3 Fedfo] 28 Hon 2 TR CrNe| 47 g}
3Lkl o WA 2 =i J'FHM] A58 vt
S8 da Sehzut Aol ol Crd i d3lEs 4
A BT B 4 vl A|HEE 450°CU 400°Co)
AlZHE O F7HA71E oju] A7l Euh=
o} % %MUr 71 S FAAITA e AHEE
7} F7VERE P AIZIE O SIHA 71 %

Fig. 5% A|H% 500°Col|A] H2 A|7ha] 9] Z7}o)
wtet A AgEe) Fev A F2HAE Ve

Zabznt w}¢)v} < g (PD/PP = 50 ps/500 ps)i=

Journal of the Korean Vacuum Society, Vol. 5, No. 4, 1996



382 ubge .

i
20 um

20 um

Fig. 5. Photomicrographs of cross sections of the plasma
nitrided surface of ASS 304L by the pulsed [PD/PP =50/
500 (a), 50/330 (b), 502200 (c) and 50 ps/100 ps (d),
respectively] d.c. 420 V at 500°C for 5 hours. Nital etching.
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Fig. 6. A mlcrograph of BEI COMPO and EPMA of a
cross section of the plasma nitrided surface of ASS
304L by the pulsed (PD/PP =50 ps/100 ps) d.c. 420V
at 500°C for 5 hours. Nital etching. EPMA: Fe K, 10
keps, Cr K., 3 keps, Ni K, 3 keps and N K., 1 keps.
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Fig. 7. Photomicrographs of cross sections of the plas-
ma nitrided surface of ASS 304L by the puised [PD/PP =
50/1000 (a), 50/500 (b) and 50 us/100 ps (c), respec-
tively] d.c. 420 V at 550°C for 5 hours. Nital etching.
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Fig. 8. Micrographs of BEI-COMPO and EPMA of cross
sections of the plasma nitrided surface of ASS 304L by the
pulsed [PD/PP =50/1000 (a) and 50 us/100 ps (b), respec-
tively] d.c. 420V at 550°C for 5 hours. Nital etching.
EPMA: Fe K, 10 kcps, Cr K., 3 keps, Ni K, 3 keps and N
K. 1 keps.
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Fig. 9. Photomicrographs of cross sections of the plasma
nitrided surface of ASS 304L by the pulsed [PD/PP =50/
2000 (a), 50/500 (b) and S0 ps/100 us (c), respectively]
d.c. 420 V at 600°C for 5 hours. Nital etching.
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Fig. 10. Micrographs of BEI-COMPO and EPMA of
cross sections of the plasma nitrided surface of ASS
304L by the pulsed [PD/PP =50/2000 (a) and 50 ps/100
us(b), respectively] d.c. 420 V at 600°C for 5 hours. Ni-
tal etching. EPMA: Fe K, 10 keps, Cr K, 3 keps, Ni K,
3 keps and N K, 1 keps.
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