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Plasma Assisted Nitriding of Stainless Steel Type 304L

J. R. Park
Technical Research Laboratories, POSCO, S. Korea 544090

ABSTRACT

Stainless stee] type 304L has been nitrided in the low pressure (600Ps) and high nitrogen (80%
N2+20% H.) environment for 5 hours by the square-wave-pulsed-d.c. plasma as a function of
temperature 400~550T and pulsation. At the lower temperature range of 400~500TC and at the
relatively high ratio of pulse duration to pulse period, “S-phase’ has been developed in the form of thin
nitrided surface layer which has many cracks, leading to be nearly impossible for the industrial anti-
wear and anti-corrosion applications. At the higher temperature up to 550 with the increasing ratio
of the pulse duration to pulse period up to 50us/100ss. the nitrided layer, whose growth rate has
increased also, has been composed mainly of CrN and FesN phases and has become thick, uniform and

nearly crack-free.
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Table 1. Chemical composition (wt.%) of the test material ASS* 304L

element C Si Mn

P

S Cr Ni Fe

ASS* 304L 0.025 0.37 1.48

0.026

0.003 18.04 10.13 69.93

* ASS=austenitic stainless steel
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Fig. 1. A schematic of the pulsed d.c. plasma nitriding apparatus.

Table 2. Parameter ranges for the pulsed d.c. plasma nitriding

parameter range
gas composition 80% N.+20% H.
gas flow rate total 104/h
pressure 600Ps
temperature 400~550¢C (50T interval)
plasma generating potential 420V d.c.

plasma pulse duration / pulse period
(PD (s} / PP (us)]

square wave with respective to the ground
(50/2000, 50/1000, 50/500, 50/200, 50/100)

treatment time

5hr
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Fig. 2. XRD patterns of the pulsed plasma nitrided surfaces of ASS 304L by the
d.c. 420V pulsation PD/PP=50xs/200xs at 400 and 450, respectively, for 5 hours.
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Fig. 8. XRD patterns of the pulsed plasma nitrided surfaces of ASS 304L by the d.c. 420V
pulsation PD/PP=50.s/330us and 50xs/200us, respectively, at 500°C for 5 hours.
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Table 3. XRD-identified surface phases of the pulsed d.c. plasma nitrided ASS* 304L as a function of

pulsation and temperature
temp('C)
pulse®* 400 450 500 550
(PD/PP)
50/2000 ASS ASS
50/1000 ASS ASS major : CreN major:Cr:N, CrN, ASS
minor : ASS
50/500 ASS major:Cr:N major:CraN major:CrN, Cr:N, Fe,N
minor:ASS minor:ASS minor:ASS
major:"S’", FeyN, CrN
50/330
/ minor:ASS
50/200 major:"S” | major:"S major:FesN, CrN, "
‘ minor:ASS | minor:CreN, FeN, ASS
50/100 major:Fe,N, CrN, “S" | major:FeN, CrN
minor:Cr:N

* ASS=austenitic stainless steel
** PD/PP=pulse duration (us) / pulse period {(us)
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Fig. 5. Photomicrographs of cross sections of the pulsed plasma nitrided surface of ASS 304L
by the d.c. 420V pulsation PD/PP=50us/200ss at 400 for 5 hours. HC1 +H.0:
solution etching.
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Fig. 8. Photomicrographs of cross sections of the pulsed plasma nitrided surface of ASS 304L
by the d.c. 420V pulsation PD/PP ratio:(a) 50/500, (b) 50/330, (c) 50/200 and
50us/100ys, respectively, at 500 for 5 hours. Nital etching,
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Fig. 7. Photomicrographs of cross sections of the pulsed plasma nitrided surface of ASS 304L
by the d.c. 420V pulsation PD/PP ratio: (a) 50/1000, (b) 50/500 and (c) 50us/100s.
respectively, at 550 for 5 hours. Nital etching.
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