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Austenitic stainless steels are common spread in many industries. Plasma nitriding is one of the few technologies
that allows surface modification of austenitic stainless steels. In this study, a plasma nitriding method to form a
hard surface layer at two different austenitic steels AISI 302 and AISI 316L. The surface morphology, chemical
composition and mechanical properties of the formed layers were described and the results were compared with
each other. The formed nitrided layers on both steels created a uniform multi-phase layer which was characterized

by high hardness and very good abrasion resistance.
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1 Introduction

Austenitic stainless steels are widely used in many in-
dustries due to their excellent corrosion resistance, ducti-
lity and high temperature strength. Unfortunately, their
low hardness and poor abrasion resistance limit their
further possible use. Plasma nitriding is one of the few
possible ways to increase the surface hardness of these
steels [1,2,3]. By applying plasma nitriding at lower tem-
peratures of about 400 ° C, a layer of interstitial supersa-
turated austenite, referred to as the S phase, is formed
which excels in high hardness, good abrasion resistance
and corrosion resistance but low layer thickness
[2,3,4,5,6]. At temperatures above 450 ° C, a multiphase
"dark" layer of iron and chromium nitride precipitates
forms that cause high layer hardness but partially reduce
the corrosion resistance of the steel and change the corro-
sion mechanism [6]. However, these hard layers are very
often used as a intermediate layer for thin, very hard coa-
tings applied by the PVD method [7,8,9,10]. The paper
deals with the evaluation of plasma nitrided steels AISI
302 and AISI 316L, which were nitrided under various
conditions.

Tab. 1 Chemical composition of stainless steels

2 Experimental procedure

Two groups of samples were prepared for the experi-
ment. The AISI 302 steel samples were 50 x 30 mm and
2 mm thick in the unprocessed state, and the 316L steel
had a 30 mm diameter and 7 mm thickness. The surface
of the samples was ground and polished to a mirror finish
and cleaned in an ultrasonic bath. Verification of the che-
mical composition was performed by means of the
GDOES / Bulk method on the LECO SA 2000 device.
The measured values of the chemical composition are gi-
ven in Tab. 1. Subsequently, the samples were nitrided in
PN 60/60 by Riibig at different temperatures and times,
see Tab. 2. Sputter cleaning was conducted in an Ar—
H; atmosphere prior to plasma nitriding with a pulsed-DC
glow discharge. All samples were cooled after plasma ni-
triding in vacuum. After nitriding, samples were cut and
metallographic analysis performed on an Olympus Lext
3100 confocal microscope. Further, the microhardness
course was measured on the LECO AMH 47 automatic
microhardness tester. The Vickers method was selected,
the load was 50 grams. The course of microhardness was
measured at 5 locations on each sample.

Chemical composition (%)
C Mn Cr Ni Si P S Mo
AISI 302 <0.12 <2.00 17-19 8—-10 <1.00 <0.045 <0.03 -
GDOES/Bulk 0.045 1.78 18.7 8.75 0.48 0.030 0.001 -
AISI 316 L <0.03 <2.00 16.5-18.5 10-13 <1.00 <0.045 <0.03 2.0-2.5
GDOES/Bulk 0.03 1.50 16.97 10.70 0.31 0.030 0.026 2.18
Parameters of GDOES/Bulk analysis: U =800 V,1=30m A, pAr =314 Pa
Tab. 2 Parameters of plasma nitriding process
Group 1 Group 2
Cleaning Nitriding Cleaning Nitriding

Temperature [°C] 520 490 500 520
Duration [hours] 0,5 30 4 18
Gas flow
H2/N2/Ar  [Lmin-1] 20/2 24/8 20/3.2/1,6 25/10/0
Pressure [Pa] 80 320 80 320
Bias [V] 800 520 700 520
Pulse lenght [ps] 100 100 100 100
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A universal hardness tester Zwick ZHU 2.5 was used
to measure the universal hardness of nitrided layers. The
material characteristics of Fig. 1 were determined using
software (TestXpert®, Zwick). According to CSN EN
ISO 14577-1 [11, 12]. The universal hardness was mea-

sured on the surface of samples using an instrumented in-
dentation test, see Fig. 1, at a load of 194 N, a dwell time
at load of 12 s. Five measurements were performed on
each sample. The resulting values were calculated
arithmetic mean.
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3 Results

From the metallographic images (Fig. 2) plasma nitri-
ded samples is seen to achieve different thicknesses of
nitrided layers. For specimens that were nitrided at 490
°C for 30h, AISI 302 formed a solid, sharply defined layer
of 70 um thickness, while for 316L steel a layer of 45 pm
thickness showed no trace of nitrided layer complete di-
ffusion of nitrogen and the layer has an irregular shape at
the bottom. Nitriding at 520 °C for 18 hours produced
uniformly diffuse layers in both steels. The thickness of
the layers was 38 um for AISI 302 and 60 um for AISI
316L.

The results of the microhardness measurement from
the cross section (Fig. 3) confirmed the results obtained
from metallographic images. A very sharp transition
between the base material and the nitrided layer was me-
asured for all samples. The thicknesses of the nitrided la-
yers corresponded in all cases to those measured from
metallographic images. The hardness of the nitrided lay-
ers was

AISI 302 nitrided 520°C 18 h (etched aqua regia)

AISI 316L nitrided 520°C 18 h (etched aqua regia)

AISI 302 nitrided 490°C 30 h (etched aqua regia)
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SN
AISI 316L nitrided 490°C 30 h (etched aqua regia)
Fig. 2 Cross section of nitrided stainless steel
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Fig. 3 Microhardness measurement
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The hardness of the nitrided layers was approximately
the same 1400 HVqs for both stainless steels. On the
samples, the course of universal hardness was measured
from the surface in dependence on the indentation depth,
the picture shows that at nitriding 520 °C the universal
hardness on the surface of both samples reached very si-
milar values 7500 N.mm™ for AISI 316L and 7000
N.mm? for AISI 302 steel and the universal hardness
waveforms gradually decreased to around 200N.mm2,
higher universal hardness values were achieved for AISI
316L due to its greater depth. For nitriding at 490 °C, the
waveforms were different AISI 316L steel had a surface
hardness of only 4500 N.mm2. For AISI 302 steel, the
universal hardness on the surface reached 7000 N.mm,
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Fig. 4 Coarse of universal hardness of nitrided samples

In the nitrided layer formed at 490 ° C for 30 hours, a
significant change in the course of the universal hardness
was recorded at a depth of 10 microns. In the optical ob-
servation of the puncture after the indentation test, it was
found that the nitrided layer showed a breakage and fall
of the layer, which was confirmed by the course of the
indentation curve (see Fig. 5).

200 +
150 -

100

Forcein N

Depth in pm

indexed on: http://www.scopus.com

747



October 2019, Vol. 19, No. 5

MANUFACTURING TECHNOLOGY

ISSN 1213-2489

SEM MAG: 120 x
HV. 300Ky
VAC: Hivac

DET: BSE
DATE: 05/15/08
Device: VEGATS5135

O
Vega @Tescan
Digital Microscopy imaging

SUOIum‘
Fig. 5 Cracking of nitrided layer

4 Conclusion

The aim of the experiment was to evaluate the influ-
ence of different nitriding conditions on the properties of
the nitrided layer in austenitic stainless steels AISI 302
and AISI 316L. The experiment showed that the nitrided
layer of AISI 316L achieves lower nitrided layer depth
values and its universal hardness is slightly lower than
that of AISI 302. This is most likely due to the different
molybdenum content, which has somewhat retarded nit-
ride diffusion and nitrided layer formation. At nitriding at
490 © C for 30 hours, for 316L steel, nitrides precipitated
along the boundary and in the center of the grains at the
bottom of the layer. Plasma nitriding at 520 ° C resulted
in the formation of sharply bounded solid layers on both
samples.

The experiment has shown that plasma nitriding can
achieve a significant increasig of surface hardness and
thus abrasion resistance of austenitic stainless steels, the-
reby increasing their application potential.
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