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Cold Deformation and Hardness on Superaustenitic Stainless Steel: Evaluation Methods
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Superaustenitic stainless steel with high nickel percentage, chromium, molybdenum and nitrogen, 
has replaced austenitic AISI 304 and 316, mainly in the petrochemical industries, where high toughness, 
stress corrosion resistance and pitting resistance is suitable. Due to high mechanical stress in the cold 
deformation manufacturing, residual stresses in the pipes are common. In this case, the possibility of 
the corrosion process increases. Considering the area reduction after tensile tests, the objective of this 
study was to evaluate the effects of cold deformation on a superaustenitic steel BS EN 10283 No 14587. 
The steel was elaborated in an electric induction furnace and the liquid metal was poured out in sand 
molds. Afterward, samples cut from a specimen submitted to the tensile test were prepared for X-ray 
diffraction, Vickers hardness measurements, linear polarization and impedance electrochemical tests. 
The corrosion tests were performed in solution with 3.5% NaCl. The results show that there is a linear 
increase in hardness and also a decrease in corrosion resistance of the material, with increasing cold 
deformation. In addition, the cold work reduction was not sufficient to promote strain-induced martensite.
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1. Introduction
The superaustenitic stainless steel has as mainly characteristic 

high corrosion resistance in aggressive environments. 
According to the literature, the cold deformation influences 
the mechanical strength and corrosion resistance of stainless 
steel. In previous work, Speidel and Pedrazzoli studied 
the effects of cold deformation on conventional stainless 
steels, such as AISI 304 and AISI 3161. They observed the 
deleterious effect of strain-induced martensite on the corrosion 
resistance of the steels in saline environments. Equation 1 
estimates the start temperature Ms at which strain-induced 
martensite can form, considering the percentage by weight 
of the chemical elements2. In this case, the transformation 
depends mainly on the chemical composition.

	 ( )Ms C 502 810C 1230N 30Ni 12Cr 46Mo 54 Cu° = − − − − − − 	 (1)

However, under the effect of deformation this temperature 
is changed. Equation 2 estimates the Ms temperature at 
which 50% strain-induced martensite can form after 30% 
of deformation, considering the percentage by weight of the 
chemical elements3.
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In this case, strain-induced martensite in superaustenitic 
stainless steels could be formed in negatives temperatures 
impossible to be reached; while in AISI 316L, -10 °C it 

is sufficient temperature for its formation3,4. Nowadays, 
superaustenitic stainless steels are replacing AISI 304 and 
AISI 316 to avoid the presence of strain-induced martensite. 
Superaustenitic stainless steels generally contain 
nickel in the range of 15 to 35%, chromium 17 to 26%, 
molybdenum 2 to 5%, nitrogen 0.1 to 0.6%. This composition 
confers the pitting resistance equivalent number (PREn) 
greater than 40 and these steels are used in the manufacture 
of equipment subjected to aggressive environments, such as 
petrochemical plants, pumps working with salt water, pipes, 
and fittings in oil exploration in deep water5,6.

Considering the interest in studying the materials used in 
the petrochemical industry, the aim of this paper is to evaluate 
the effects of cold deformation on superaustenitic stainless 
steel BS EN 10283 No 14587. In this case, residual stresses 
were generated by cold deformation on a specimen during 
the tensile test and the residual stresses were quantified by 
the cross-sectional area reductions. To evaluate the effects 
of deformation it was used Vickers hardness tests, X-ray 
diffraction, optical microscopy, Scanning Electron Microscopy 
(SEM) and corrosion tests.

2. Experimental Procedures
The superaustenitic stainless steel BS EN 10283 N° 1.4587 was 

elaborated in an electric induction furnace with a system for 
vacuum degasification with a capacity of 1000 kg. The liquid 
metal was poured into sand molds agglomerated with urethane 
phenolic resin, and the cast blocks were annealed at 1150 oC *e-mail: brenomra@gmail.com
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for two hours. Five specimens of the steel were cut, and 
machined according to ASTM E8/E8M to be submitted to 
tensile tests in a universal test machine, with 1 mm per minute 
constant speed. The chemical composition of the steel was 
obtained by optical emission spectrometry.

After tensile tests, in one of the specimens, small discs 
with 3 mm thickness were cut in three different deformed 
regions. Then, they were prepared according to conventional 
metallographic methods. The cross-sectional areas were 
measured with the AutoCAD 2019 software and the 
microstructures were characterized by backscattering electron 
images (BSE) in a Scanning Electron Microscope (SEM).

The two transverse faces of each specimen were used in 
all of the tests. Vickers hardness measurements were carried 
out with 10 kgf load. In corrosion tests, the solubilized 
and deformed specimens were immersed in a solution 
with 3.5% sodium chloride (NaCl) at room temperature 
(25 oC). An electrochemical cell for 300 ml of solution with a 
saturated calomel reference electrode (RE), a platinum counter 
electrode (CE), and the specimen as a working electrode (WE) 
was prepared. The electrochemical impedance tests were 
carried out at open circuit potential (OCP) in the frequency 
range from 4 mHz to 40 kHz with a potential amplitude 
of 10 mV. The polarization tests were performed with the 
potential range from -0.5 V (vs. OCP) to 1.8 V (vs. SCE) at 
a scan rate 1.0 mV/s. The tests were executed in triplicate 
on both sides of the cross-sectional areas of the specimen. 
The corrosion potential values were calculated by extrapolation 
of Tafel, in the linear regions of the anodic and cathodic curves.

3. Results and Discussion
The chemical composition shown in Table  1 is in 

accordance with BS EN 10283. The small discs with 3 mm 
thickness, in three different deformed regions, are shown in 
Figure 1. It is possible to observe that the reduction in area 
was greater in sample 1, 2 and 3 respectively. Figure 2 shows 
a dendritic microstructure of the solubilized superaustenitic 
stainless steel. In stainless steels where the equivalent 
chromium/equivalent nickel ratio is less than 1.5, the 
cast microstructure shows a dendritic distribution of delta 
ferrite in an austenitic matrix7,8. The heat treatment time, 
without previous mechanical deformation, is not enough 
to eliminate the dendrites and the microstructure is similar 
to the superaustenitic stainless steel 22Cr-25Ni-6Mo-0.2N 
observed in the literature9,10. In the case of castings, the 
transformation depends mainly on the chemical composition 
driving force3. Moreover, the stability of austenite during 
the plastic deformation in these steels is very important, 
with relation the twinning or martensite transformation11. 
It was found that annealing twins in austenite are effective 
nucleation sites for spontaneous α’‐martensite12. Twinning 
is reported to occur at stacking fault energies in the range 
of 18<SFE<45 mJ/m13. In addition, increasing the austenitic 
grain size, reduces the stacking fault energy and increases the 
Ms temperature and the volumetric fraction of α’ martensite14. 
In the Fe-Cr-Ni system, strain-induced martensite depends 
mainly on chemical composition, temperature reduction, 
and reduction of stacking fault energy15. In this case, nickel 
is responsible for increasing the stacking fault energy. 
Furthermore, in BS EN 10283 N° 1.4587 steel, the content of 

Table 1. Chemical compositions of superaustenitic steel BS EN 10283 Nº 14587 (% in weight).

BS EN 10283 Nº 1.4587 C Mn Si Cr Ni Mo Cu N
Standard 0.03* 2.0* 1.0* 24.0-26.0 28.0-30.0 4.0-5.0 2.0-3.0 0.15-0.25
Obtained 0.03 1.2 0.74 25.0 28.4 4.3 2.4 0.20

(*maximum values)

Figure 1. Cross sections of BS EN 10283 Nº 14587 stainless steel subjected to cold deformations.
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this element avoids the formation of strain-induced martensite 
and hardening occurs with the formation of sliding bands16.

Regarding the deformation imposed by the tensile test on 
steel, the results are shown in Table 2 and the measured areas 
of the specimens are shown in Table 3. In the solubilized region 
there was no deformation and the small thickness ensures the 
faces similarity. The area reduction in Figure 3 due to cold 
deformation promotes a linear increase in steel hardness, 
however, the residual stresses are not enough to form the 
strain-induced martensite, as noted by the X-ray diffraction 
patterns in Figure 4. In deformed regions of the steel, the 
intensities of the peaks can be explained by the reorientation of 
the crystallographic planes after deformation17. The solubilized 
superaustenitic showed the pattern of austenite spectrum, 
with greater intensity in the plan (111), characteristic of the 
FCC structure. The reflections (111)γ, (200)γ, (220)γ, and 
(311)γ corresponding to the austenite phase were identified 
and corroborate with several results in the literature18,19.

Regarding the corrosion tests, after immersion in sodium 
chloride, there is no formation of pits and oxides on the 
surface, according to previous results on superaustenitic 
stainless steels, as seen in Figure 520. This does not mean 
that there was not deleterious phases, but the content 
was not enough to reduce the corrosion resistance in the 
electrolyte21. In superaustenitic stainless steels, the stability 
of the passive film can be explained by different authors. 
Willenbruch et al.22 showed that an oxide layer of chromium 
and molybdenum can form on the surface and it blocks 
the action of chloride ions and the formation of the pits. 
Another explanation is the synergistic effect of nitrogen 
and molybdenum on the passive film, which inhibits anodic 

Figure 2. Dendritic microstructure of solubilized superaustenitic 
steel (Aqua Regia - MO).

Table 2. Yield strength (YS), tensile strength (TS) and elongation 
(E) of superaustenitic stainless steel.

BS EN 10283 Nº 14587 YS (MPa) TS (MPa) E (%)
Standard 220 480 30
Obtained 262 ± 10 490 ± 4 40 ± 2

Table 3. Values of the initial areas, final areas and area reduction 
(AR) of the deformed specimens.

Specimen 1 Specimen 2 Specimen 3
Initial areas 120 120 120
Final areas 70 ± 2 74 ± 2 107 ± 4

AR 42% 39% 13%

Figure 3. Values of the hardness (HV) and area reductions (RA) 
on superaustenitic stainless steel.

Figure 4. X-ray diffraction (XRD) patterns in BS EN 10283 
Nº 14587 steel: austenite peaks intensities of the solubilized and 
deformed regions.

Figure 5. Regions on the surface of superaustenitic stainless steel before (a) and after (b) corrosion tests without attack. The black dots 
represent typical refractory oxides (MO).
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dissolution and improves pitting corrosion resistance of the 
material22,23.

As can be seen in the linear polarization in Figure 6, 
near 0.92 mV, the oxygen evolution takes part of the process 
and the dominant reaction is the oxidation of water hydroxyl. 
This process generates an anodic current increase24-26. With 
this type of reaction, it is very difficult to distinguish the 
current due to the metal corrosion from the current of the 

Figure 6. Values of corrosion potential obtained after linear 
polarization in 3.5% NaCl solution. The solubilized specimen has 
a higher value, although not significant.

Figure 7. Effect of the area reduction on the corrosion potential of 
superaustenitic stainless steel in 3.5% NaCl solution.

Figure 8. Nyquist Diagram and the effect of area reduction on 
the charge transfer resistance of the superaustenitic stainless steel 
(3.5% NaCl solution).

water dissociation27. The absence of pits on its surface is 
the main reason for the polarization curves do not present 
hysteresis20.

Regarding Figure 7, there is a decrement in the equilibrium 
potential (Ecorr) with area reduction. The values are in 
accordance with the literature and indicate -200 mV for 
superaustenitic steel against -328 mV for 316L in solution 
with 3.5% sodium chloride25,26. In addition, the Nyquist 
diagram in Figure 8 shows that the charge transfer resistance 
reduces with area reduction increasing. Even with the absence 
of strain-induced martensite and stress corrosion, the cold 
deformation was sufficient to reduce the charge transfer 
resistance26,28. In fact, it is possible that the hardening was 
caused by shear bands and dislocation locking16.

4. Conclusions
It is possible to conclude that:

•	 There is no pitting on surfaces of superaustenitic 
steel after corrosion tests in a 3.5% sodium chloride 
solution;

•	 There is no strain-induced martensite with the 
deformation caused by the tensile tests at room 
temperature;

•	 The cold deformation promotes a linear increase 
in hardness with the area reduction.
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