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Abstract

Introduction: In this study, microstructural changes and their effect
on corrosion properties of 310s austenitic stainless steel during
thermomechanical treatment were investigated.

Methods: The cold rolling process was performed with a 90%
reduction in thickness. The samples were then annealed at 750, 850,
950, and 1050 °C for 10 minutes. The microstructure of the samples
was examined by an optical microscope. Electrochemical impedance
spectroscopy and potentiodynamic polarization tests were
performed in 3.5 wt. % NaCl to investigate the corrosion properties of
the samples.

Findings and Conclusion: The results showed that the cold rolling
process reduces the grain size and converts the austenite phase to
strain-induced a'-martensite. Subsequently, a reverse transformation
of o'-martensite to austenite occurs due to the annealing. Increasing
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resistance from 26800 to 38950 ().cm2 compared to the un-annealed
sample. Reverse transformation is one of the main factors in this
increase in corrosion resistance. While increasing the annealing
temperature leads to grain growth and a decrease in corrosion
resistance. So that the amount of corrosion resistance in the annealed
sample at 1050 °C is reduced to 5400 Q.cm?2.
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Extended Abstract

1. INTRODUCTION

Austenitic stainless steels are used in sensitive
environments, such as advanced nuclear
industries and power plants, due to their high
corrosion resistance. Austenitic stainless steel
310s is also strategic steel with improved
oxidation and corrosion resistance. The
disadvantage of austenitic stainless steels is
their poor mechanical properties and
thermomechanical treatment is used to
strengthen these steels. During
thermomechanical treatment and as a result of
cold rolling, the transformation of austenite to
martensite phase occurs. By performing
thermomechanical treatment on 310s austenitic
stainless steel, Nezakat et al. [6] observed that in
the early stages of deformation, strain-induced
martensite is formed from deformed austenite.
Then, the reversion of martensite to the
austenite phase occurs due to the subsequent
annealing. Increasing the annealing time and
temperature also leads to grain growth.
Decreasing grain size increases grain
boundaries density and causes rapid diffusion of
chromium, formation of a more stable passive
layer, and increased corrosion resistance [10].
Eskandari et al. [12] also reported an increase in
corrosion resistance due to a decrease in grain
size in 316L austenitic stainless steel. In the
present study, thermomechanical treatment has
been applied on 310s austenitic stainless steel
to change the microstructure, and its effect on
corrosion properties has been investigated.

2. Materials and Methods

Austenitic stainless steel 310s were used as the
raw material in this study. The samples were
cryo-rolled up to 90% thickness reduction after

immersion into liquid nitrogen. The cryo-rolled
samples were then annealed at 750, 850, 950,
and 1050 °C for 10 minutes and then cooled by
water to ambient temperature. The dimensions
of the prepared samples were 1x1.5 cm?2. Optical
microscope images were used to examine the
microstructure of the samples. To prepare the
samples, after sanding, they were
electropolished and electroetched. After
preparing the images, the average grain size of
the samples was calculated using Image]
software and the Heyn intercept method. The
volume fraction of martensite was also
measured using a  feritoscopic  test.
Potentiodynamic polarization and
electrochemical impedance spectroscopy (EIS)
tests were used to investigate the corrosion
properties of the samples. Corrosion tests were
performed in 3.5% NaCl solution. The results of
the electrochemical impedance spectroscopy
test were also analyzed using ZView software.

3. RESULTS AND DISCUSSION

Figure 1 shows the microstructure of the as-
received and 90% cryo-rolled samples. In the as-
received sample, the coaxial grain structure is
observed. 90% cold reduction has caused
elongation of the microstructure along the
rolling direction and the formation of 69% of
strain-induced a'-martensite phase.
Recrystallization occurred in the sample by
annealing at 750 °C. Reverse transformation of
o'-martensite to austenite phase has also
occurred due to the annealing process.
Increasing the annealing temperature has
caused grain growth and more reversion of
martensite to the austenite phase. In the 1050 °C
annealed sample, recrystallization and reversion
of martensite to austenite phase has been done
completely due to the high annealing
temperature.
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Nyquist curves of the as-received and 90% cryo-
rolled samples are given in Figure 2a. After 90%
cold reduction, the Semicircular diameter
formed in the Nyquist curve and the corrosion
resistance increased compared to the as-
received sample, while The Q. value decreased.
Less Qe can mean less charge transfer at the
interface between the metal and the passive
layer and an increase in corrosion resistance
[23]. The main reason for the increase in
corrosion resistance due to the cold rolling
process can be attributed to the reduction in
grain size, which causes the rapid diffusion of
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chromium and the formation of a thicker passive
layer. Figure 2b shows the Nyquist curves of the
annealed samples. With annealing at 750 °C, the
corrosion resistance increased compared to the
as-received and cold-rolled samples. Small grain
size, the occurrence of recovery, and reverse
transformation are the reasons for the good
corrosion resistance of this sample. Further,
with increasing the annealing temperature and
as a result of grain growth, the corrosion
resistance decreased, frequently.
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Figure 2. Nyquist curves of 310s austenitic stainless steel, a) as-received and 90% cryo-rolled samples, b) annealed

samples.

4- CONCLUSION

The cold rolling process causes a reduction in
the grain size and transformation of the
austenite phase to strain-induced o'-martensite.
Subsequently, reversion of o'-martensite to
austenite occurs due to the annealing treatment.
Increasing the annealing temperature causes
grain growth and increases the average grain
size. Cold rolling with a 90% reduction in
thickness increases the corrosion resistance
compared to the as-received sample. Annealing
at 750 °C also increases corrosion resistance.
Revers phase transformation and fine-grained
microstructure are the reasons for improving
corrosion resistance. However, increasing the
annealing temperature leads to grain growth
and a gradual decrease in corrosion resistance.
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