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ABSTRACT

In this study, microstructural changes in the thermomechanical processing and its effect on the corrosion behavior of 321
austenitic stainless steel were investigated. EDS analysis and optical microscopy were used to identify precipitates and
microstructure, respectively. To evaluate the corrosion properties, potentiodynamic polarization test and electrochemical
impedance spectroscopy were performed. First, the as-received sample was subjected to cold rolling with a 90% thickness
reduction at liquid nitrogen temperature, and then annealing was performed at temperatures of 750, 850, and 1050 °C for
10 min. The results showed that severe cold rolling slightly improved the corrosion properties and in annealed samples,
the corrosion resistance increased with more uniform microstructure, more reversion of martensite phase to austenite, and
reduction of grain size. Annealed samples at 850 °C and 1050 °C with polarization resistance values of 8.200 kQ.cm? and
3.800 kQ.cm? depicted the highest and lowest corrosion resistance compared to other samples, respectively.

Keywords: Microstructure, Steel, Thermomechanical processing, Corrosion.

1. INTRODUCTION

Austenitic stainless steels (ASSs) are widely used
in various industries due to their ductility and
excellent corrosion resistance. Despite their many
advantages, ASSs have low yield strength. On the
other hand, in ASSs, the martensitic structure
cannot be created by heat treatment to increase
mechanical strength, because the mechanical
properties of ASSs are affected by their
microstructure. To strengthen and change the
structure of ASS, a combination of forming and
annealing can be used, which is called the
“thermomechanical processing” [1].

The subsequent processes on the material affect
the various properties, such as grain size
distribution, chemical uniformity, residual stresses,
the density of dislocations, volume fraction of
grain boundaries, and texture that they all affect
corrosion resistance [2]. In general, many studies
have reported that grain refinement is a key factor
for improved corrosion resistance. For example, in
316L AISI stainless steel, it has been reported that
grain refinement increases chromium diffusion

*: m.eskandari@scu.ac.ir

into the passive film. The passive film becomes rich in
chromium and increases the corrosion resistance,
because grain boundaries are known as the easy
diffusion paths for diffusion [3]. Given the importance
of 321 ASS, it is necessary to study its corrosion
behavior. In this study, microstructural changes in the
thermomechanical processing and their influence on
corrosion resistance were evaluated.

2. MATERIAL AND METHOD

The as-received material (321 ASS) was Spark
Optical Emission Spectrometer analyzed to
investigate its chemical composition. The results of
this analysis is shown in Table 1. The samples were
90% cold-rolled (CR) at liquid nitrogen
temperature and then annealed at 750, 850, and
1050 °C for 10 min.

To investigate the microstructure of the CR and
annealed samples, the specimens were mounted
and grinded by 100 to 1500 sandpapers to prepare
the surface of the samples. The final polishing was
then applied by electro polishing process in a
solution of 35% sulfuric acid, 45% phosphoric
acid, and 20% deionized water with a voltage of 30
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Table 1. Chemical composition of 321 ASS (wt. %)

elements C Cr Ni

S

P Si Fe

Wt. (%) 0.08 13 11

0.03

0.045 1 Balance

volts for 1 min. Then, the samples were electro-
etched in 65% nitric acid solution with voltage
conditions of 10 volts and a time-varying between
2 to 6 seconds to investigate and reveal the
microstructure. To study the corrosion properties
of as-received samples, thickness reduction in cold-
rolled and annealed samples, potentiodynamic
polarization (Tafel) tests, and electrochemical
impedance spectroscopy (EIS) were performed,
respectively. Potentiodynamic polarization test
was performed in the range of -0.2 to 1.3 V relative
to open circuit potential (OCP) with a corrosion
rate of 2 mV/s and EIS in the frequency range of
10 kHz to 10 mHz. The corrosion test was performed
in 3.5 wt. % NaCl solution with the Radstat 1A
device, Ag/AgCl reference electrode, and Pt
auxiliary electrode. The samples were immersed in
the solution for 25 min to measure the OCP voltage.

3. RESULT AND DISSCUSION

3.1. Microstructural study

Figures l.a and 1.b show the microstructural
images of the as-received and 90% CR samples,
respectively. The average grain size of the as-
received sample was approximately 32+22 pum, and
the shape of the grains was equiaxed, indicating
that static and dynamic recrystallization occurred
during or after hot rolling in the material. Also,
feritscopic results showed that the percentage of
the austenite phase was about 99.5% while the rest
was the delta ferrite phase. Unlike the as-received
sample, elongated austenite grains were observed
in 90% CR sample. Also, part of the austenite
phase was transformed into the o' martensite phase
due to shear stresses. This phenomenon was

The

discussed
recrystallization phenomenon occurred in bright
areas by annealing at 750°C and 850°C for 10 min,
and the average grain size reached 3.5+2 um and
7.544 um, respectively. With increasing the
annealing temperature to 1050°C, the grain growth
was occurred, and the average grain size reached

in our previous study [1].

83+98 um. The secondary recrystallization
(abnormal grain growth) was occurred at 1050°C
and caused the non-uniform microstructure of the
annealed sample at 1050°C compared to other
samples. Previous research has reported that at
high annealing temperatures (1200°C), TiN
precipitations play a significant role in preventing
grain growth [4]. Therefore, the presence of TiN
precipitations in the annealed sample at 1050°C could
be a factor of non-uniformity of microstructure.

3.2. Effect of microstructure on corrosion
resistance

In this section, the effect of microstructural
changes on the corrosion resistance of CR and
annealed samples were investigated. Figure 2.
shows the polarization curves of the as-received,
90% CR, and annealed samples. The polarization
resistance of the as-received and 90% CR samples
were 3.950 and 5.100 kQ.cm?, respectively. Also,
the corrosion current density decreased from
2.4+0.03 pA.cm? for the as-received sample to
1.9£0.01 pA.cm? for 90% CR, which indicates a
slight improvement in corrosion resistance due to
cold rolling. Previous studies have reported
conflicting results regarding the effect of cold
rolling on the corrosion resistance of ASS. In
general, while some researchers have reported an
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Figure 2. The polarization curves of a) as-received
and 90% CR samples, and b) annealed samples of
321 austenitic stainless steel at different
temperatures.

increase in corrosion resistance due to cold rolling,
others have found the effect of cold rolling on
corrosion behavior to be negative or negligible [2].
A study conducted by Salehi et al [1] on 321 ASS,
reported that due to cold rolling, the rolling texture
strengthened and the texture intensity increased
from 1.7 for the as-received sample to 4 for the
90% CR sample. Therefore, strengthening the
texture intensity in the 90% CR sample eliminated
the negative influence of the martensite phase and
prevented a decrease in corrosion resistance.

The annealed fine-grained sample at 750°C had
a higher corrosion resistance than those of the as-
received and 90% CR samples. The polarization
resistance and corrosion current density were
found 5.900 kQ.cm? and 1.7#0.01 pA.cm?,
respectively. Past research has shown that grain
refinement is a factor for increasing the corrosion
resistance of ASS [3]. As the annealing
temperature increased from 850 to 1050 °C, the
polarization resistance decreased from 8.200
kQ.cm? to 3.800 kQ.cm?. The corrosion current
densities in the annealed samples at 850 and 1050
°C were 1.2+0.04 pA.cm? and 2.5+0.05 pA.cm?,
respectively. Increased grain size and non-uniform
microstructure in the annealed sample at 1050 °C

resulted in a decrease in corrosion resistance
compared to others.

4. CONCULUSION

In this study, microstructural changes and their
effect on the corrosion resistance of 321 ASS in the
thermomechanical processing were investigated.
By performing cold rolling, a slight improvement
in corrosion resistance was observed. In general, in
annealed  samples, the more  uniform
microstructure, the smaller average grain size, and
the higher volume fraction of the reverted austenite
resulted in the better corrosion resistance.
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