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Strain-induced martensite in a newly developed lean duplex stainless steel (DSS) 2002 after tensile 

deformation was characterized by optical metallographic microscopy, scanning electron microscopy, 

transmission electron microscopy, X-ray diffraction and electron backscatter diffraction techniques. 

Magnetic property measurement and HV hardness test of specimens with different strains were 

performed. The polarization curves of DSS 2002 after tensile deformation in 3.5 wt.% NaCl (pH ≈ 7) 

and 3.5 wt.% NaCl + 0.01 mol/L HCl (pH ≈ 2) were measured. The results showed that as the tensile 

deformation increased from 0 to 40%, the volume fraction of strain-induced martensite, the 

magnetization saturation and the micro-hardness values increased. The pitting potential of DSS 2002 in 

3.5 wt.% NaCl solution was not greatly influenced by deformation but the critical passivation current 

density of specimens increased with increasing deformation. While, the pitting potential of DSS 2002 

in 3.5 wt.% NaCl + 0.01 mol/L HCl decreased with the increase of tensile deformation. The effect of 

tensile deformation on anodic polarization properties of DSS 2002 in chloride solutions of different pH 

was discussed. 

 

 

Keywords: duplex stainless steel; tensile deformation; strain-induced martensite; anodic polarization 

properties 

 

 

1. INTRODUCTION 

The strength and ductility of stainless steels can be remarkably improved due to 

transformation-induced plasticity (TRIP) effect, which has been widely investigated recently [1-10]. 

The TRIP mechanism is based on the transformation process of metastable austenite to martensite in 

fully austenitic stainless steels or metastable austenite phase of duplex stainless steels (DSSs) via 

uniaxial tension or cold rolling [10-25]. During plastic deformation, two different martensitic phases, 
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hexagonal close packed (hcp) ε-martensite and body centered cubic (bcc) α'-martensite can be formed 

[4-25]. The hcp ε-martensite is paramagnetic while the bcc α'-martensite is ferromagnetic. As regard to 

the martensitic transformations, different transformation routes take place, such as γ → ε, ε → α', γ → 

α' and γ → ε → α' have been proposed [4, 26]. For examples, Das et al. figured out that triple points 

and the intersection of shear band and grain boundary might act as nucleation sites for α'-martensite 

[27]. Mangonon et al. established the sequence of the martensitic transformations of UNS S304 steel 

during the tensile test was γ → ε → α' [28]. Besides, recent studies reported by Fukuda et al. [29] and 

Huang et al. [30] revealed that both γ → α' and γ → ε → α' transformation routes were possible for the 

same stainless steel.  

A number of studies of strain-induced martensitic transformation in DSSs have been reported. 

As examples, Herrera et al. designed a novel lean TRIP DSS with 1 GPa ultimate tensile strength and 

an elongation to fracture of above 60% due to the martensite transformation [31]. Zhang et al. [32] and 

Ran et al. [33] investigated the effect of heat treatment on TRIP effect of economical DSSs and found 

that the Md(30/50) temperature of austenite phase reduced with the annealing temperature varying from 

800 to 1150 °C. Studies by Choi et al. showed the effect of nitrogen addition on the strain-induced 

martensitic transformation of 20Cr-0.2Ni DSS and indicated that strain-induced martensite caused 

TRIP effect and the elongation was up to 60% in some lean DSSs containing 0.35% N [34]. Tavares et 

al. studied plastic deformation via cold rolling in DSS UNS S31803 [35] and lean DSS UNS S32304 

[36] and reported that UNS S32304 was much more sensitive to martensitic transformation than UNS 

S31803. Besides, Pramanik et al. also studied the influence of cold rolling on microstructure evolution 

in DSS UNS S31803 and found that the work hardening capacity of austenite was more compared to 

ferrite [37]. Bassani et al. reported the strain-induced martensite transformation of a cold-rolled lean 

DSS UNS S32101 and obtained a direct relationship between microstructure and magnetic properties 

[38]. 

In our group's previous work, a new lean DSS 2002 has been developed, of which elongation at 

break is able to achieve around 50% due to the TRIP effect, much higher than that of UNS S32101 

[39]. However, the martensitic transformations process of DSS 2002 remains unclear. Additionally, 

pitting corrosion of stainless steels, acting as one of crucial localized corrosive attacks, is mainly 

associated with microscopic heterogeneities at a surface rather than macroscopic physical features of a 

component [40-41]. It is significantly dependent on metallurgical factors including the effect of 

alloying elements and the distribution of the secondary phases and non-metallic inclusions [42-44]. A 

high defect density and strain-induced martensite can be induced during plastic deformation, thus, it is 

of great interest to study what effect the plastic deformation has on the corrosion resistance of stainless 

steel. The pitting corrosion resistance of austenite stainless steels may be influenced by plastic 

deformation [45-47]. Nevertheless, little attention has been focused on the influence of plastic 

deformation on the anodic polarization properties of DSSs in chloride solutions of different pH in 

previous research.  

In the present work, microstructure of strain-induced martensite in the novel lean TRIP DSS 

2002 was characterized by scanning electron microscopy, transmission electron microscopy, X-ray 

diffraction and electron backscatter diffraction. Magnetic property and HV hardness of specimens with 

different strains were tested. The polarization curves of DSS 2002 after tensile deformation in 3.5 
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wt.% NaCl (pH ≈ 7) and 3.5 wt.% NaCl + 0.01 mol/L HCl (pH ≈ 2) were measured. The relationship                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

between anodic polarization properties and chloride solutions of different pH with respect to tensile 

deformation was discussed. 

 

 

 

2. MATERIALS AND METHODS 

2.1. Materials 

A newly developed novel lean DSS 2002 was studied in this work, of which the chemical 

composition was shown in Table 1. The material was produced as described previously [39]. The raw 

materials were melted in a 50 kg vacuum furnace and then cast as a single square ingot. When the 

oxide skin was removed, the ingot was forged into square slabs at the temperature ranging from 900 to 

1200 °C with a thickness of 40 mm. The slabs were reheated at 1200 °C for 2h and hot-rolled, using a 

laboratory hot-rolling mill, into 4 mm thick plates and then cold-rolled into 1.5 mm. Then, the 

specimens were solution-treated at 1000 °C for 30 min in an arc furnace, followed by water quenching.  

 

Table 1. Chemical composition of DSS 2002. 

 

Element C Si Mn P S Cr Ni Mo Cu N 

wt.% 0.031 0.32 3.45 0.01 0.004 20.53 2.08 0.31 0.34 0.17 

 

2.2 Tensile deformation 

The material for examinations was in the form of sheet-cutting steel with dimensions of 250 

mm × 30mm × 1.5 mm. It was subjected to tensile deformation by tension with true strains 5%, 10%, 

20%, 30% to 40%. Tensile deformation tests were conducted on an Instron 5985 testing machine 

according to BS EN ISO 6892-1:2009 [48]. Subsequently, rectangular specimens with dimension 

about 10 mm × 10 mm were cut from these specimens after tensile deformations of 5%, 10%, 20%, 

30% and 40% for study.  

 

2.3. Microstructure characterization 

Metallographic specimens were etched in Beraha’s etching (80 mL distilled water, 20 mL 

hydrochloric acid and 0.3g potassium metabissulfite), which made the austenite bright and the ferrite 

dark. The microstructure was observed using optical metallographic microscopy (OMM) after etching. 

Meanwhile, a SCE Phillips XL30 FEG scanning electron microscopy (SEM) was used to investigate 

the microstructure of tensile specimens.  

Transmission electron microscopy (TEM) was carried out on JEOL JEM 2100F with operating 

at 200 kV to examine the microstructure evolution of specimens under different tensile strains. TEM 
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foils were prepared by conventional twin-jet electro-polishing machine at the voltage of 25V in the 

solution composed of 10 vol.% perchloric acid and 90 vol.% ethanol at –30 °C.  

The X-ray diffraction (XRD) measurement was performed on a D8 ADVANCE X-ray 

diffractometer with DAVINCI. DESIGN using Cu Kα (λ=0.154056 nm) radiation and operating at 40 

kV and 20 mA, in the step-scan mode with a step size of 0.01 °. The diffraction spectra have a 2θ 

angular range of 40 to 100 °.  

The microstructure and microtexture were also analyzed by an electron back scattering 

diffraction (EBSD) system attached to the FEI Quarter 400 SEM using a scan step size of 0.1 μm.  

 

2.4. Magnetic measurement and HV Hardness test 

Magnetization saturation was measured by a Quantum Design vibrating sample magnetometer 

(VSM). Microhardness test with a loading of 100 g was performed on a HMV-2TADW micro-

hardness tester. 

 

2.5. Electrochemical measurements 

The polarization curves of the specimens were measured using a CHI 660D electrochemical 

workstation. The electrochemical measurements were carried out with a three-electrode cell where a Pt 

foil acted as the auxiliary electrode and a saturated calomel electrode (SCE) as the reference electrode. 

All potentials presented in this work referred to SCE. The specimens acting as working electrodes 

were embedded in epoxy resin. Prior to each experiment, the working electrode was wet ground 

mechanically using successive grade emery papers from 180 to 2000 grit, subsequently polished with a 

1.5 μm diamond paste, rinsed with acetone and ethanol and then dried in air. To avoid the crevice 

corrosion, interfaces between specimen and resin were sealed with silica gel sealant, and dried in air. 

The exposed electrode surface area was 10 mm
2
. The test solution was made up of analytical grade 

reagent and distilled water. Before and during the test, the electrolyte was bubbled with pure nitrogen 

gas (N2) to get rid of the oxygen gas (O2) for 30 min and maintained throughout the test.  

Polarization tests were respectively performed in solutions of 3.5 wt.% NaCl (pH ≈ 7) and 3.5 

wt.% NaCl + 0.01 mol/L HCl (pH ≈ 2) at 30
 
°C with a scan rate of 0.1667 mV/s from –0.8 V versus 

SCE to the pitting potential (Epit) versus SCE. The pitting potential was identified as the potential at 

which the current density continuously exceeded 100 µA/cm
2 

[49]. In addition, prior to the 

potentiodynamic polarization measurements, cathodic polarization at –900 mV versus SCE for 2 min 

was employed to deoxidize the surface of the working electrode, then followed by stabilization at open 

circuit potential for 30min to form stable passivation film on the specimens' surface. Each 

electrochemical testing was repeated at least three times, and the average data were chosen as the 

corrosion parameter values in this work. After tests, the microstructure of pits was observed using 

backscattered electron microscopy. 
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3. RESULTS AND DISCUSSION 

3.1 Microstructure Characterization 

Fig. 1 showed the typical optical microstructure of DSS 2002 without tensile deformation. It 

could be observed that the bright etched band-shaped austenite phase was evenly embedded in the dark 

etched ferrite matrix. The volume fraction of ferrite and austenite, evaluated by quantitative 

metallography based on the software attached to the OMM, were 0.52 ± 0.03 and 0.48 ± 0.03, 

indicating that the duplex phases approximately reached balance.  

 

 
 

Figure 1. Optical micrograph of DSS 2002 without tensile deformation, the dark area represents ferrite 

while the bright representing austenite. 

 

Fig. 2a-e demonstrated the SEM microstructure of DSS 2002 with tensile deformations of 5%, 

10%, 20%, 30% and 40%. The microstructure of specimen with a portion of paralleled lath-type 

martensite inside the austenite island (see white circles in the image) could be detected. After 5% 

tensile deformation, a few martensitic variants could be seen inside the austenitic grains. When 

specimens were subjected to 20% deformation, microstructure of austenite was presented mostly by 

lath-shaped martensite with different orientations. Then, after 40% deformation, there were quite a few 

martensitic variants in retained austenite phase, suggesting that the amount of strain-induced 

martensite gradually increased with the increase of tensile deformation. Fig. 2f was the partial 

magnification of the dotted line circle in Fig. 2e. It was shown that the high dislocation density was 

introduced by tensile deformation, companying with the formation of strain-induced martensite. 

However, it should be noted that it was difficult for SEM to precisely distinguish between martensitic 

lathes, slip lines and deformation twins. Also, it was hard to quantitatively measure the volume 

fraction of martensite. 
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Figure 2. SEM microstructure of the specimens after different tensile deformations, (a) 5%, (b) 10%, 

(c) 20%, (d) 30%, (e) 40% and (f) the partial magnification of the dotted line circle in (e). The 

martensite portions inside the austenite phase are highlighted by solid circles. 

 

Further metallographic studies were conducted by TEM. The representative TEM micrographs 

of the specimens deformed to various strains of 5%, 10% and 40% were shown in Fig. 3. It could be 

obviously seen that the deformation twins were formed in the specimens after 5% strain (Fig. 3a). On 

the basis of the diffraction pattern analysis, as shown in Fig.3a(3), the deformation bands were 

identified as ε-martensite with the zone axis of [110]γ // [1120]ε, according with the well-known Shoji-

Nishiyama relationship of close packed parallelism between austenite and ε-martensite. The TEM 

characterization of specimens deformed to 10% was revealed in Fig.3b, which showed that the α' 

martensite with the zone axis of [110]γ // [100]α' were induced. The parallel orientation relationship 

between austenite and α'-martensite was close to the Nishiyama-Wassermann relationship. Fig.3c 

showed the microstructure of specimens after 40% tensile strain. The typical lath-type α' martensite 

texture could be found, which was also consistent with Nishiyama-Wassermann relationship. 
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Consequently, it was suggested that two types of martensitic transformation mechanism occurred via 

the sequences of γ → ε and γ → α' during tensile deformation. However, the orientation relationship of 

strain-induced ε-martensite and strain-induced α'-martensite was not detected, which might be 

attributed to the low amount of ε-martensite. 

 

 
 

Figure 3. TEM micrographs of the specimens deformed at different strains, (a) 5%, (b) 10%, (c) 40%, 

and 1, 2 and 3 representing bright-field image, dark-field image and diffraction pattern 

analysis, respectively. 

 
Figure 4. X-ray spectra of the specimens before and after different deformations 

 

http://www.iciba.com/consequently
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Fig. 4 exhibited the X-ray diffraction spectra of the specimens under different strains of 0, 5%, 

10%, 20%, 30% and 40%. As could be seen, the diffraction peaks of specimens before and after 

deformation were both composed of face centered cubic (fcc) austenite (γ) phase and body centered 

cubic (bcc) phases. Based on aforementioned TEM analysis, it has been established that ε-martensite 

as one of deformation variants of austenite phase presented in the specimens after 5% strain. However, 

the X-ray diffraction peak of hexagonal close packed (hcp) ε-martensite was not observed in 

specimens with 5% deformation, which might be ascribed to the low-content of ε-martensite. In 

addition, it has been universally acknowledged that α'-martensite had bcc crystal structure, the same 

with ferrite phase (here named -ferrite), and it was impossible to isolate them. Thus, the bcc 

diffraction peaks of specimens after deformation were a combination of α'-martensite and δ-ferrite. 

From Fig.4, the intensities of fcc austenite diffraction peak (111), (200), (220) and (311) decreased as 

the tensile strain increased from 0 to 40%. The intensity of bcc diffraction peak could reflect the 

presence of α'-martensite, even if it did not occur uniformly for each diffraction plane. The intensity of 

bcc diffraction peak (200) increased with the increase of strain from 10% to 40%, revealing that the 

amount of α'-martensite increased. Hence, it was worthwhile to regard that α'-martensite phase might 

expand along a preferred-orientation plane (200) of deformed specimens. 

Fig. 5 revealed the EBSD analysis of specimens subjected to 10% and 20% deformation. 

Herein, ferrite and austenite phases were marked with gray and blue, respectively. The green 

represented deformed austenite and the white was α'-martensite. It was shown that the microstructure 

of the specimens at 10% strain was mainly composed of a band structure of ferrite grains and a 

bamboo structure of austenite grains along the tensile direction. Besides, the white strain-induced α'-

martensite was dotted in austenite phase, as shown in Fig. 5a. Fig. 5b displayed that the deformation 

proceeded to 20%, the austenite grains refined and the amount of strain-induced α'-martensite 

increased a lot. The amount of strain-induced α'-martensite measured by EBSD in specimens deformed 

at 10% strain was 2.6 vol.%, while that of 20% strain was 5.6 vol.%. Nevertheless, the content of ε-

martensite of specimens with 5% strain was too low to be tested. In addition, the austenite of 

specimens with strain 30% and 40% were severely deformed and EBSD could not detect α'-martensite. 

 

 
 

Figure 5. EBSD micrograph of the specimens subjected to tensile deformations (a) 10% and (b) 20%. 

The gray, blue, green and white represents ferrite, austenite, deformed austenite and strain-

induced α'-martensite. 
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Figure 6. (a) Magnetization curves of the specimens with different tensile strains, (b) Magnetization 

saturation with different tensile strains 

 

 
 

Figure 7. HV hardness with different tensile strains 

 

3.2 Magnetic property and HV micro-hardness  

The magnetization curves of specimens with different tensile strains were shown in Fig. 6a and 

the relevant magnetization saturation versus deformation behavior was plotted in Fig. 6b. With tensile 

deformation increasing from 0 to 40%, the magnetization saturation increased monotonically. The 

strain-induced ε-martensite was not engaged in discussion as it was paramagnetic, while, the amount of 

ferromagnetic strain-induced α'-martensite could contribute to the value of magnetization saturation. 

Accordingly, it could be figured out that the amount of α'-martensite increased as the strain increased 

from 0 to 40%. In addition to magnetic property, the micro-hardness was also tested. Fig. 7 exhibited 

that the Vickers hardness increased linearly from 247 to 327 with the increase of tensile strain. This 

might be attributed to strain hardening effect, where high local dislocation density and stain-induced 

martensite played a significant role [9, 12]. 
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3.3 Anodic polarization properties 

The pitting corrosion resistances of DSS 2002 with different tensile deformations in 3.5 wt.% 

NaCl (pH ≈ 7) and 3.5 wt.% NaCl + 0.01 mol/L HCl (pH ≈ 2) at 30 °C were studied by 

potentiodynamic polarization measurements.  

 

 
 

Figure 8. Potentiodynamic polarization curves for the specimens with different tensile strains in 3.5 

wt.% NaCl solution, (a) 0, (b) 5%, (c) 10%, (d) 20%, (e) 30% and (f) 40%. 

 

Fig. 8 exhibited representative polarization curves for specimens with different tensile strains in 

3.5 wt.% NaCl. It could be found that there was a passivation region in the anodic branch. In the 

passivation range of the specimens with different tensile deformations varying from 0 to 40%, the 

current density increased and then decreased until the current density value reached 100 µA/cm
2
, 

revealing that samples were in an unstable passive state or in a condition where both active and passive 

states coexisted [50]. Besides, it also should be noted that there emerged a critical passivation current 

peak (CPCP) of the deformed specimens, which might be attributed to that strain-induced martensite 

had a high passivation current density [46]. Average corrosion parameters of polarization curves were 
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listed in Table 2. As could be seen, the corrosion potential (Ecorr) of deformed specimens was higher 

than that of undeformed specimen. Besides, the surface geometrical feature could affect the 

distribution of the current density during the electrochemical reactions [51-55], which may also 

influence the corrosion rate.  

 

Table 2. Average corrosion parameters of the specimens studied in 3.5 wt.% NaCl solution 

 

Sample-strain Ecorr / V log(icorr / A cm
–2 

) log(icp / A cm
–2

) Epit / V 

0 -0.143 -8.15 -6.51 0.387 

5% -0.061 -6.48 -6.17 0.382 

10% -0.080 -6.45 -5.98 0.388 

20% -0.056 -6.52 -5.89 0.385 

30% -0.087 -6.80 -5.78 0.386 

40% -0.076 -6.73 -5.53 0.383 

 
Figure 9. Potentiodynamic polarization curves for the specimens with different tensile strains in 3.5 

wt.% NaCl + 0.01 mol/L HCl solution, (a) 0, (b) 5%, (c) 10%, (d) 20%, (e) 30% and (f) 40%. 
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The corrosion current density (icorr) of deformed specimens was also higher. According to 

Huang et al., the corrosion potential value was approximately equal to the open circuit potential [56]. 

The results indicated that tensile deformation made the passivation difficult by shifting the open circuit 

potential in the active direction. In addition, the critical passivation peak current density (icp) of 

specimens increased as the tensile deformation increased from 0 to 40%. These results was in 

consistent with the previous research steel studied by Xu et al. that plastic deformation markedly 

decreased the passivity ability of UNS S304 austenitic stainless [57]. Nevertheless, the undeformed 

and deformed specimens exhibited similar pitting potential (Epit), suggesting that the pitting corrosion 

resistance of DSS 2002 in neutral chloride solution remained unaffected by tensile deformation. Moura 

et al. also reported that no change in the pitting potential of UNS S31803 in 3.5 wt.% NaCl occurred 

although the martensite formed during cold deformation [58]. Thus, it could be concluded that tensile 

deformation made the critical passivation current density increased but it had no obvious influence on 

pitting potential of specimens in 3.5 wt.% NaCl solution. 

The polarization curves for specimens under different tensile trains in 3.5 wt.% NaCl + 0.01 

mol/L HCl were shown in Fig. 9. It could be seen that the polarization curves of acidic chloride 

solution showed one or two negative loops of cathodic currents, leading to two or three negative peaks. 

 

 
 

Figure 10. The simple diagrams of the real cathodic polarization curve and anodic polarization curve 

in chloride media (a) neutral chloride solution and (b) acidic chloride solution. 

 

It was well known that the polarization curves measured in the experiment were apparent ones, 

and the anodic and cathodic currents or curves were the sum of real anodic and cathodic currents at 

given polarization potentials [59-63]. The simple diagrams of real cathodic polarization curve and 

anodic polarization curve of DSS 2002 in chloride media were displayed in Fig. 10. In neutral and 

acidic chloride media, two cathodic reactions possibly occurred: the oxygen reduction in neutral media 

or the hydrogen reduction in acid solutions, as Eq. (1-3). 

O2 + 2H2O + 4e → 4OH‾  (1) 

2H2O + 2e → 2OH‾ + H2  (2)  

H
+
 + e → H (3) 
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The anodic reactions were mainly the iron dissolution, and other alloys dissolution, such as 

chromium, nickel, as shown in Eq. (4). 

M  M
2+

 + 2e (M replaces Fe, Cr, Ni) (4) 

For DSS 2002, the neutral chloride medium was an anodic passivation system, while the acidic 

chloride media was an anodic active-passivation system. In the neutral chloride solution, the real 

anodic polarization curve and cathodic polarization curve met only once, and therefore there was one 

negative peak, as shown in Fig. 10a, which was in good agreement with Fig. 8. Fig. 10b indicated that 

two or three negative peaks might be intersected by real anodic polarization curve and cathodic 

polarization curve in the acidic chloride solution. Fig. 10b also illuminated that when the samples 

subjected to high tensile deformation, such as 30% and 40% strain, the corrosion aggravated and the 

active current peak increased from the solid line to the dotted line. Consequently, the number of 

negative peaks in the apparent polarization curve rose to three, as shown in Fig. 9.  

 

Table 3. Average corrosion parameters of the specimens studied in 3.5 wt.% NaCl + 0.01 mol/L HCl 

solution. 

 

Sample-strain log(ip / A cm
–2

) Epit / V 

0 -6.48 0.456 

5% -6.39 0.420 

10% -6.32 0.391 

20% -6.31 0.352 

30% -6.49 0.321 

40% -6.18 0.302 

 

 
 

Figure 11. Morphologies of pitting attack formed on specimens with 40% strain after the 

potentiodynamic polarization test in chloride solutions, (a) 3.5 wt.% NaCl and (b) 3.5 wt.% 

NaCl + 0.01 mol/L HCl. 

 

Due to the complexity of the polarization curve in acidic chloride solution, the corrosion 

potential and corrosion current could not be precisely calculated. Thus, the average corrosion 

parameters just including passivation current density (ip) and pitting potential were collected in Table 
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3. The passivation current density (ip) of the specimens in acidic chloride solution varied little. While, 

the pitting potential decreased from 0.456 to 0.302 V as the strain increased from 0 to 40%, suggesting 

that the pitting corrosion resistance of DSS 2002 in acidic chloride solution was deteriorated by tensile 

deformation and the pitting corrosion resistance of specimens decreased with the increase of strain. In 

conclusion, the tensile deformation had no influence on passivation of specimens in 3.5 wt.% NaCl 

solution + 0.01 mol/L HCl solution, but it was harmful to the pitting potential, which might be 

attributed to the lower hydrogen over voltage of imperfection sites introduced by tensile deformation. 

The typical pitting morphologies of specimens with 40% strain after potentiodynamic 

polarization tests were observed using backscattered electron microscopy, as presented in Fig. 11. 

Fig.11a and Fig. 11b demonstrated that the pitting morphologies of 3.5 wt.% NaCl and 3.5 wt.% NaCl 

+ 0.01 mol/L HCl, respectively. It could be figured out that the stable pit of specimens of 40% strain 

was located at the boundary of ferrite phase and austenite phase after electrochemical measurement in 

neutral chloride solution, which further sustained that the pitting corrosion resistance was not 

influenced by tensile deformation. Whereas, in acidic chloride solution, many stable and metastable 

pits were formed in the specimens after 40% strain and most of them were located in the austenite 

phase, suggesting that the pitting corrosion preferentially occurred in the austenite phase. Combining 

the aforementioned results, it could be found that the metastable austenite phase included high 

dislocation density and strain-induced martensite. These dislocations might act as active sites for 

anodic dissolution in acidic chloride media due to the lower bonding energies at these points [64]. 

Consequently, the high dislocation density and strain-induced martensite were easily activated by the 

addition of hydrogen ion, in good accordance with the result that the pitting corrosion resistance of 

specimens in acidic chloride solution decreased with the increase of strain. 

 

 

 

4. CONCLUSIONS 

Strain-induced martensite in a new lean TRIP DSS 2002 has been characterized by SEM, TEM, 

XRD and EBSD. Magnetization saturation and micro-hardness values were tested. Anodic polarization 

properties were investigated in 3.5 wt.% NaCl (pH ≈ 7) and 3.5 wt.% NaCl + 0.01 mol/L HCl (pH ≈ 2) 

solutions, respectively. The main conclusions were as follows. 

1. Two types of martensitic transformation mechanism occurred via the sequences of γ → 

ε and γ → α' during tensile deformation. Strain-induced α'-martensite phase might expand along a 

preferred-orientation plane (200). 

2. The amount of strain-induced martensite increased with the increase of the strain, 

companying with formation of the high local dislocation density. 

3. The Vickers micro-hardness increased linearly from 247 to 327 with increasing the 

deformation, as a result of strain hardening effect induced by strain-induced martensite and high local 

dislocation density. 

4. In neutral chloride solution (3.5 wt.% NaCl), the pitting potential of specimens 

remained unaffected by tensile deformation, but the critical passivation current density of specimens 

increased with the strain, which might be associated with that strain-induced martensite had a higher 
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critical current density for passivation. 

5. In acidic chloride solution (3.5 wt.% NaCl + 0.01 mol/L HCl), the passivation current 

density varied little but the pitting potential decreased with the increase of strain, which seemed to be 

related to the preferential dissolution of imperfection sites introduced by tensile deformation. 
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