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Effects of Cold Working and Annealing on Wear Behavior of 316L
Stainless Steel
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Abstract

316L stainless steel cannot be improved its hardness via any general heat treatment. In this study, 316L
stainless steel was used as experimental material for solution treatment at 1050°C for 30 min and then was
cold-worked along with annealing at 850°C for 1min. Structure analysis and observation were performed by using
X-ray diffractometer and field emission scanning electron microscopy. In addition, Vickers-hardness tests and wear
tests were conducted for exploring the effect of cold working and annealing treatments on microstructure and

hardness, and wear resistance of 316L stainless steel.
The experimental results showed that the content of martensite in microstructure increased with increasing
the cold working amount, resulting in an improvement in both the hardness and wear resistance. In particular, the
material treated by repeating two times (cold rolling to 75% thickness reduction followed by annealing at 850°C

for 1min) could obtain the smallest friction coefficient and minimum weight loss.
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Fig.1 Schematic illustration of the repetitive

thermo-mechanical process

Table.1The composition of 316L stainless steel (wt%)

Element C Cr Mn Mo P Si S

wt% 0.023 16.53 1.72 2.68 0.048 0.62 0.015
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Fig.2 XRD pattern of the specimens
(a) Substrate (b) after thermo-mechanical treatment
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Table.3 The hardness of the specimens (Hv)

sub 7 Ta 7a6 Taba 7a7 Ta7a

AR | 230 | 364.8 | 288.1 | 401.2 | 298.7 | 427.1 | 308.9
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Fig.3 Comparison of friction coefficient among all the

specimens after thermo-mechanical treatment.
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Table.4 Weight loss of AISI 316L specimens after wear test

under the different conditions

Sub. 7 Ta 7a6 Taba Ta7 Ta7a

(10%g/m)

6.667 3 3.667 | 1.667 | 4.333 | 1.667 | 4.333
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Fig.4 Surface morphologies of the substrate and different
conditions after ball-on-disc wear test: (a) substrate, (b) after
first cold rolling, (c) after first annealing,(d) after second cold
rolling to 60%, (e) after second annealing, (f) after second cold

rolling to 75%, and (g) after second annealing
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