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Effect of Heat Treatment Characteristic on

The Gas Nitriding of Steels

Gil - Soo Hwang

Department of Metallurgical Engineering
Graduate School Pukyung national university

Abstract

While stainless steel exhibits superior corrosion resistance, it has low strength and show stress
corrosion cracking in the chloride environment. This is the reason why the nitriding of the
stainless steel is utilized. Nitriding of the stainless steel is usually carried out to increase
the strength and durability of abrasion wear. Ferritic stainless steel and martensitic stainless
steel are relatively easy for nitriding treatment, while austenitic stainless steel is difficult to
treatment, since it is formed the stable passive state layer is formed on the surface. Therefore,
some special methods are required to nitriding in austenitic stainless steel. The specimen were
polished emery paper up to #2000 grit number. Acid cleaning for 3 minutes to water hydrochloric
acid following by water cleaning were carried out before the heat treatment to remove the passive
layer on the surface of the specimens. The specimen were nitrified at 400, 430, 450, 500, 550, 60
0, respectively for 14h with the ammonia gas atmosphere,

Nitrided specimen showed the effective hardened layer range of 400Hv. Compound layer and
diffusion layer structure were observed by SEM. The compound layer and the constituent of nitrided
surface were analysed using EMPA and XRD respectively. Polarization test for estimating the
corrosion resistance of the nitrided specimen also conducted. The depth of nitriding layer that is
obtained from similar nitride condition decreased in the order of SACM 645 > STS 410 > STS 316 >
STS 304. Result of phase transformation of the nitrided at 550C by XRD analysis were as following
: Main phase of CrN accompanying with FedN(7y ) and Fe,3N(e) phase for STS 304 austenitic
stainless steel. Main phase of FeN(7y ) with Fe,sN( ¢ ) phase and CrN phase for STS 316 austenitic
stainless steel. Main phase of Fe,3N( &) whit CrN phase for STS 410 martensitic stainless steel.
Only Fe;3N( € ) phase for SACM 645 steel.
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Fig. 2.8 Optical micrographs of cold worked and nitrided AISI 316L steel
nitrided in ammonia at 600T : a. 20% reduction, b. 63%reduction
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Table 3.1 Chemical composition of the specimens

unit : wt %
Element
Material
C Si Mn P S Cr Ni Mo
STS 304 0.04 0.45 0.29 0.02 0.02 | 1931 | 5.71 0.29
STS 316 0.02 055 2.18 0.02 0.02 169 | 1053 | 2.18
STS 410 0.15 0.41 0.08 0.02 002 | 1251 | 004 0.05
SACM 645 0.43 041 0.20 0.02 0.01 151 - 0.20
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Fig. 3.2 Diagram of experimental procedures
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34 X-Ray 3 AAY

7t Aoy AAY AE: A FFEES zAE] 9fste] 50T U
xR0z AHAZ Zrzte] AME X-Ray IS dAsded a2 SHAAS

Table 32 ¢ £},

Table 3.2 Condition of the XRD measurement

Target / Filter Cu-K a /Ni
Voltage/current 40Kv/30mA
Scan speed 5° /min
Scan angle range 30°-90°
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Fig. 4.1 Effect of nitriding temperature on hardness profile of STS 304
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Fig. 4.2 Effect of nitriding temperature on hardness profile of STS 316
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Fig. 4.4 Effect of nitriding temperature on hardness profile of SACM 645
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Fig. 4.5 Plots of nitriding thickness vs temperature
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Photo. 1 Cross section of STS 304 gas nitrided at various temperatures
(a)400T, (b)430T, (c)450T, (d)500T, (e)550T and (f)600T.
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| S
28 kv 6009

Photo. 2 Cross section of STS 316 gas nitrided at various temperatures
(a)400T, (b)430T, (c)450T, (d)500T, (e)550T and (£)600T.
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28 kV  x6088  $0.®sm ... . 28 kV x689

(e) (f)

Photo. 3 Cross section of STS 410 gas nitrided at various temperatures
(a)400T, (b)430T, (c)450T, (d)500T, (e)550TC and (f)600T.
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(a)

LAY x6049

(d)

Photo. 4 Cross section of SACM 645 gas nitrided at various temperatures
(a)400T, (b)430T, (c)450T, (d)500T, (e)550T and (1)600T.
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Fig. 4.10 X-ray diffraction pattern from the surface of gas nitrided at 550C.
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Fig. 4.11 Effect of nitriding temperature on polarization curves of STS

304 gas nitrided steels
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Fig. 4.12 Effect of nitriding temperature on polarization curves of
STS 316 gas nitrided steels
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