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ABSTRACT

Pitting initiation and propagation at the deformation bands intersection of cold-

rolled 14Cr10Mn stainless steel in acidic ferric chloride solution with a pH of 1.3

were investigated by a scanning electron microscope equipped with electron

back scatter diffraction and a high-resolution transmission electron microscopy.

The experimental results show that the pits with regular morphology are a sort

of dislocation etch pit with strict triggering conditions. The pitting corrosion

resistance of the etch pits is closely related to the orientations in the increasing

order of {100}h001i\ {110}h112i\ {111}h110i. The pit wall will expand to the

periphery along the trend of retaining the close-packed plane, leading to an

increase in pit depth after the pitting initiation is triggered. We believe that

hydrogen ions compete with chloride ions and preferentially adsorbed on the

dislocation outcrops in the austenite around a0-martensite and form hydrogen

atoms occupying vacancies to prevent chloride ions from eroding the metal

matrix. The results also reveal that the vacancy bands formed by the slip of edge

dislocations, and the vacancy groups formed by the dissolve of partial dislo-

cation outcrops are patterns for triggering dislocation etch pits.

Introduction

In recent years, the rapid development of new energy

vehicles contributed to the development of the third

generation of automotive high-strength steel. Due to

the combination of excellent mechanical properties

and corrosion resistance, Cr–Mn–Ni–N series

metastable austenitic stainless steel (MASS) can

extend the service life of new energy buses from

8 years to 25 years. In particular, the composition

design of substituting nickel for manganese allows

such stainless steels to be available at a lower price,
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which has attracted wide attention. Normally, work-

hardened state MASSs are applied directly to the

products for higher mechanical properties. As a

result, the cold-rolled state Cr–Mn–Ni–N series

MASSs are widely used in the automobile industry

due to their good corrosion resistance and high

strength caused by strain-induced a0-martensite

transformation [1–3].

As been long-term exposed to the atmosphere, the

autobody is affected by several climate factors such

as acidic ions and air humidity. Particularly in some

coastal cities, chloride ions, and acidic contaminants

in moist air will have a significant impact on auto-

body pitting corrosion. Pitting corrosion is a serious

problem for MASS exposed to aggressive environ-

ment [4], which is generally considered to be trig-

gered by a combination of internal and external

factors such as the impurities, composition,

microstructure, environmental chemistry, pH, and

temperature [5–9]. To be sure, the internal factor is

the main cause in pitting corrosion resistance of

materials. Cold working has attracted great attentions

due to the introduction of many changes in internal

factors, such as deformation bands, which are con-

sidered as pitting sources [10, 11]. The experimental

results showed that the deformation bands produced

by cold working deteriorated the corrosion resistance

of nitrogen-bearing type 316L stainless steel, and pits

form along the deformation bands in the alloys with

40% cold rolling reduction. It also concluded that

dislocation’s glide would disrupt the Cr–N short-

range ordered zones and form local active electro-

chemical cells, leading to an increase in pitting sites.

In the present study, interestingly, a type of pits

with regular pitting morphology is found in stainless

steel, which was initiated mainly at the intersection of

deformation bands. Pitting initiation at deformation

bands is reported more generally in metallic glass

materials [12–14]. However, pitting corrosion in such

materials with irregular morphology occurs along the

deformation band rather than at the intersection. In

addition, pits with regular morphology have repor-

ted in monocrystal tin [15], aluminum [16], and some

semiconductor materials such as silicon [17], SrTiO3

[18], CdSiP2 [19], CdGeAs2 [20], and silicon steel

[21–23]. Such pits are named ‘‘dislocation etch-pit,’’

which, as the name suggests, are usually caused by

dislocation outcrops. Different from the pitting

behavior of the above materials, the pits with regular

morphology of the Cr–Mn–Ni–N MASS mainly occur

at the intersection of deformation bands. As a matter

of fact, according to our understanding, there is no

definite report on the pitting at deformation bands in

MASS. The pitting initiation mechanism is worth-

while aspect with respect to the pitting at the inter-

section of deformation bands with regular

morphology in stainless steels. In this work, a Cr–

Mn–Ni–N MASS with plenty of deformation bands

was obtained by cold rolling process. The mechanism

of the pitting initiation and propagation at deforma-

tion bands intersection in acidic FeCl3 solution is

investigated by a scanning electron microscope

(SEM) equipped with electron back scatter diffraction

(EBSD) and a high-resolution transmission electron

microscopy (HRTEM), and the patterns for triggering

the pitting are discussed.

Experimental

The experimental material studied in the present

work was a Cr–Ni–Mn–N MASS with the name of

14Cr10Mn, which was cast as 30 kg ingot under

argon atmosphere at 1250 �C with chemical compo-

sition as shown in Table 1. Specimens (size

200 mm 9 100 mm 9 3 mm) were obtained from the

annealed plates under 1180 �C by hot rolling, which

pickled by HNO3 and HF. Subsequently, a unidirec-

tional cold rolling was carried out to reduce the

thickness by compression in a laboratory rolling mill

at ambient temperature, leading to reductions in final

cold rolling by 0%, 5%, and 15% (marked as ‘‘CR0,’’

‘‘CR5,’’ and ‘‘CR15’’). At last, 5 mm 9 5 mm speci-

mens for ferric chloride solution immersion test and

SEM observation were cut by using a wire cutter.

All the chemical immersion test specimens

(5 mm 9 5 mm) were ground by metallographic

sandpapers with grit size up to 2000. Then, use a

chemical mechanical polishing slurry containing

ultra-fined Al2O3 particles to polish all the specimens.

An electrochemical etching method was used to

remove the surface stress layer of the specimens in

8 vol% of perchloric acid and 92 vol% of ethyl alcohol

with an operation voltage of 20.0 V after mechanical

ground and polishing. After etching, the specimens

were subsequently immersed into a solution of 6 wt%

FeCl3 with 0.05 mol (or 0.01 mol) HCl at 50 �C
(shown in Table 2 for details) and then taken out

from the solution in every 5 min, till a cumulative

total immersing time up to 30 min (or 60 min). Each
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removal was cleaned with deionized water and

observed by a scanning electron microscope (SEM,

FEI FEG Quanta 600). The crystal orientations corre-

sponding to the pitting initiation positions were

performed by EBSD with a scanning electron micro-

scope (FEI FEG Quanta 600, FE-SEM), and the mea-

surements were taken by using an accelerating

voltage of 15 kV with step sizes of 0.1 lm. The region

of pitting initiation at an intersection of deformation

bands after the 30 min cumulative immersion test

was selected for observation by a high-resolution

transmission electron microscopy (HRTEM, JOEL

JEM-2100F). In order to obtain high-quality observa-

tion results, the HRTEM specimen was carefully

prepared by focused-ion beam (FIB, SMI 3050)

method.

Results and discussion

Pits morphology at the intersection
of deformation bands

The surface morphology of the immersed specimens

was characterized by SEM-BSE to show the defor-

mation bands clearly. Figure 1 shows CR0, CR5, and

CR15 specimens of 14Cr10Mn SS after 30 min and

60 min cumulative immersion tests in the acidic ferric

chloride solution at 50 �C. For comparison, Fig. 1a

exhibits the morphological characteristic of the CR0

specimen after 60 min test in acidic ferric chloride

solution with a pH of 1.3. In addition to partial pitting

corrosion in the intergranular, no regular morphol-

ogy pits appeared in grains, indicating that cold

deformation is a prerequisite for inducing regular

morphology pits. Figure 1b, c exhibits the morphol-

ogy of pits in single grain and multiple grains of CR5

specimens after the 30 min and 60 min tests in the

same solution as CR0. It can be clearly seen that a

special type of regular morphology pits, with faceted

and symmetrical pitting walls, was initiated ran-

domly at the intersection of deformation bands. The

number of the pits increased significantly as the

immersion time prolongs. Interestingly, unlike the

pits shown in Fig. 1a, it can be seen that after the

60 min test in Fig. 1c, there are also some regular

morphology pits initiated at the deformation bands

around grain boundaries. In addition, the pits have

the same structure appearances in the same grain

(only differ in sizes), which means that such pits are

only related to the orientation of the grain. In order to

illustrate the close relationship between the defor-

mation bands intersection and the regular morphol-

ogy pits, the CR15 specimens were also observed

after immersion experiments. Interestingly, similar

phenomena occurred in the CR15 specimens after

30 min and 60 min tests in the same solution (shown

in Fig. 1d, e). The only difference is that the defor-

mation band intersection density of the CR15 speci-

men is higher, so is the density of corresponding

regular morphology pits, indicating that the regular

morphology pits are strongly correlated with the

deformation bands intersection. However, no pittings

with regular morphology occurred in CR5 specimen

in the solution with a pH of 2.0 for 60 min test

(Fig. 1f), indicating that the hydrogen ion concentra-

tion may be a key factor for triggering etch pits.

Due to the higher deformation band density, the

same position of CR15 specimen was selected to

investigate the behavior of pitting evolution

encountered discontinuous corrosion in the solution

of 6 wt% FeCl3 with 0.05 mol HCl at 50 �C as shown

in Fig. 2. For the 5-min immersion test (Fig. 2a),

because of the short immersion time, no regular

morphology pits appeared at the intersection of

deformation bands (see red arrows in Fig. 2a), but

only the pits caused by intergranular precipitations

can be observed. When the immersion time accu-

mulated to 30 min, pits at deformation bands

Table 1 Chemical

composition of the

experimental stainless steels

(wt%)

Steel C N S Mn Si P Cr Ni Cu Fe

14Cr10Mn 0.077 0.151 0.0023 10.12 0.30 0.04 13.62 1.19 0.85 Balance

Table 2 Different

experimental conditions and

durations for various

specimens

6 wt% FeCl3 ? 0.05 mol HCl (pH = 1.3) 6 wt% FeCl3 ? 0.01 mol HCl (pH = 2.0)

30 min CR5 and CR15 –

60 min CR0, CR5, and CR15 CR5
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intersections began to initiate (see the red dashed

circles in Fig. 2b). With the prolongation of the

immersion time, more regular morphology pits were

formed at the intersection of deformation bands,

while such pits still cannot be observed in areas

without obvious deformation band structure (Fig. 2c,

d).

In order to better understand the relationship

between grain orientation and pitting at deformation

bands intersection, an orientation imaging micro-

scopy (OIM) showed inverse pole figure coloring for

the normal direction (ND) of the EBSD method is

used to observe pitting corrosion. It should be men-

tioned that the CR5 specimens are used for EBSD

observation in order to obtain a high identification.

Figure 3 displays the orientation imaging micro-

scopy (OIM) for CR5 specimens of 14Cr10Mn MASS

after 60 min immersion test, which have the crystal-

lographic orientations within 15� from {111}h110i,
{110}h112i, and {100}h001i orientations. (The corre-

sponding colors are blue, green, and red, respec-

tively.) In addition, the color shade is inversely

proportional to the misorientation, that is, the smaller

the misorientation, the darker the corresponding

color. It can be observed that the areal fraction of the

{111}h110i grains is about 21% in Fig. 3a, and the

misorientations are mainly less than 10�. It is worth

noting that no regular morphology pitting formed

and difficult to observe the deformation bands in

these grains. In the sketch of grain orientations in

Fig. 3b, the red-colored grains occupy an extremely

large area. The areal fraction of the {100}h001i grains

is approximately 37%, but the misorientations are

mostly over 10�. Moreover, the {100}h001i grains are

Figure 1 Pitting morphology

at the deformation bands

intersections for a 60 min

cumulative immersion test of

CR0 (a), CR5 (c), and CR15

(e) specimens, and for a

30 min cumulative immersion

test of CR5 (b) and CR15

(d) specimen in 6 wt% FeCl3
with 0.05 mol HCl solution,

respectively. f Surface

morphology of the CR5

specimen after a 60 min

cumulative immersion test in

6 wt% FeCl3 with 0.01 mol

HCl solution. In b, the red

arrows point to the pitting

initiation at the deformation

bands intersections, while the

blue ones point to the

propagated pits.
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accompanied by a large number of pits at the defor-

mation bands intersection. Figure 3c is still domi-

nated by {111}h110i grains, and the misorientations

are also mostly over 10�. Fabulously, there is still no

pits initiate at deformation bands intersections in

these grains. However, in {110}h112i grains with

similar misorientations, regular morphology pits

appeared. The proportions of grains of all three grain

orientations in Fig. 3d are no more than 10%, and the

misorientations are relatively evenly distributed.

However, according to observation, there is still no

deformation band etch pit initiation in {111}h110i
grains, but exists in {100}h001i and {110}h112i grains.

In addition, the deformation band etch pits are pre-

sent in a large amount in grains having misorienta-

tions exceeding 15� from {111}h110i, {110}h112i, and

{100}h001i orientations in Fig. 3a–d. It means that

except for the {111}h110i orientation, the other ori-

entations are prone to initiate deformation band etch

pits.

The EBSD results indicate that the regular mor-

phology pits of 14Cr10Mn MASS formed in acidic

ferric chloride solution with the pH of 1.3 are crys-

tallographically dependent. Although all orientations

except {111}h110i are prone to initiate deformation

band etch pits, according to the number of etch pits,

the OIM images also show a tendency of orientations

for pitting corrosion resistance to increase in the

order of {100}h001i\ {110}h112i\ {111}h110i. In

addition, according to the study [16], the index of

lattice plane is considered to have a crucial influence

on the etch pit. The pitting resistance of different

indices of lattice plane shown in Fig. 3 is better sup-

ported by the pitting density, that is, the rising trend

of pitting density is opposite to that of the pitting

resistance. Different from the conclusions by Yasuda

et al. [16] and Latanision et al. [24], who suggested

that the pitting corrosion resistance order of lattice

plane of Al and Ni monocrystals with the same face-

centered cubic structure as 14Cr10Mn SS is

{111}[ {110}[ {100}. The {111} lattice plane as the

close-packed plane of the face-centered cubic struc-

ture has the best pitting resistance in 14Cr10Mn SS,

which is an important result applied to the propa-

gated model of regular morphology pits. Based on

this result, we speculate that the pit wall will expand

to the periphery along the trend of retaining the

Figure 2 A CR15 specimen

of 14Cr10Mn SS after 60 min

cumulative immersion test in

6 wt% FeCl3 with 0.05 mol

HCl solution at 50 �C.
a 5 min, b 30 min, c 45 min,

and d 60 min.
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close-packed plane, leading to an increase in pit

depth after the pitting initiation is triggered.

Observation of the deformation bands
intersection after immersion test

To investigate the pitting initiation in detail, a CR5

specimen immersed in acidic ferric chloride solution

with a pH of 1.3 for 30 min was selected; the HRTEM

observation on the intersection of deformation bands

was performed, and results are shown in Figs. 4 and

5. In Fig. 4a, a well-defined ‘‘Z’’-shaped kink band

appears at the intersection, the edges of which are

substantially parallel to the intersected deformation

bands. Considering the symmetry of the kink band,

parts of the regions were selected for analysis by

HRTEM. HRTEM images of the kink band vertex

region (Fig. 4b) and the deformation bands intersec-

tion region away from the kink band (Fig. 4c) are

marked by the red and cyan frame lines in Fig. 4a,

obtained along the [�111] and [011] axes, respectively.

The fast Fourier transform (FFT) patterns of the

regions corresponding to the frame lines in Fig. 4b

and c are shown in Fig. 4d, e according to the cor-

responding colors. It exhibits that the deformation-

induced a0-martensite was formed in the vertex

region of the kink band, while the other parts of the

deformation bands were still austenitic matrix. In

addition, the crystallographic orientation of the

martensite and austenitic matrix satisfies the K-S

relationship, that is, (�11�1)c//(110)a0 and [011]c//

[�111]a0. Figure 4f shows an HRTEM image of the

austenitic matrix outside the deformation band

(shown in blue frame lines) for a better comparison of

lattice structures in the intersection of deformation

bands. An IFFT image with one-dimensional {110}

plane fringes shows that dislocations can only be

observed in negligible quantity in a0-martensite

(Fig. 4g). Simultaneously, one-dimensional {111}

plane fringes images surprisingly revealed that there

are almost no dislocations in the austenitic matrix

Figure 3 OIM obtained by EBSD showing orientation analysis of the grains of CR5 specimens at the deformation bands intersection (a)–

(d) after the 60 min immersion test.
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away from the kink band (Fig. 4h) or outside defor-

mation bands (Fig. 4i).

Figure 5 exhibits the regions immediately adjacent

to the vertex of ‘‘Z’’-shaped kink band (a0-martensite),

which corresponds to the green and purple frame

lines in Fig. 4a, respectively. An HRTEM image of the

area adjacent to the right side of the vertex region

obtained along the [011] axes is shown in Fig. 5a, and

a structure with an edge dislocation above a vacancy

band (marked by elliptical dotted lines in Fig. 5a, c)

can be observed. In addition, significant lattice dis-

tortions caused by dislocation dipoles and the anni-

hilation process [25] are shown distinctly in Fig. 5c,

whereas the matrix is still a face-centered cubic (FCC)

austenitic structure (Fig. 5b). Figure 5d shows an

HRTEM image of the area adjacent to the upward

side of the vertex region obtained along the [011]

axes, and two vacancy groups with a dimension of

approximately 0.5 nm in diameter formed at the

partial dislocation outcrops at both sides of the

stacking fault (shown in cyan arrow) are represented

by circular dotted lines, combining the one-dimen-

sional {200} plane fringes image (Fig. 5f). The above

results also show that there is a high density of dis-

locations in the austenite matrix at the front end of a0-
martensite. Furthermore, the distinct lattice distortion

regions caused by ion erosion are indicated by red

arrows in Fig. 5a, d, which directly cause noise

interference of the FFT patterns with the high-density

dislocations in Fig. 5b, e.

Figure 4 TEM morphology

of the deformation bands

intersection in the CR5

specimen after 30 min

cumulative immersion test in

6 wt% FeCl3 with 0.05 mol

HCl solution is shown in a.

HRTEM images along the

[�111] (b) and [011] (c) axes

show that the deformation-

induced a0-martensite is

formed in the vertex region of

the ‘‘Z’’-shaped kink band, and

the deformation bands remain

the austenitic matrix. d, e The

FFT patterns corresponding to

b and c. HRTEM images

along the [011] (f) axis show

the austenitic matrix outside

the deformation band. g–i The

IFFT images clearly show the

dislocation structure in the

(�11�1) and (110) planes,

respectively.
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Initiation mechanism and trigger patterns
of the pits at the intersection of deformation
bands

As mentioned earlier, pit with regular morphology

called dislocation etch pit is usually caused by dis-

location outcrop in FCC structures [15–20]. However,

for cold-rolled stainless steel, dislocation outcrops

appear randomly on the surface of the specimen due

to dislocation pile-up or tangle according to common

sense [26] and have been confirmed by our previous

work [27] in 14Cr10Mn MASS. It shows that the

theory seems not suitable enough for explaining the

behavior of pitting initiation at the intersection of

deformation bands in MASS as shown in Fig. 1.

However, it is worth noting that other FCC materials

mentioned above, the same as 14Cr10Mn MASS, also

need to form ‘‘dislocation pits’’ under acidic

conditions.

In acidic electrolyte, as revealed in Eq. (1), both the

major Fe and minor Cr components in metal matrix

are selectively dissolved to form metal cations, which

are simultaneously hydrolyzed and subsequently

deposited [28]. Equation (2) shows hydrogen ions in

the solution acquire electrons to form hydrogen

atoms. It is worth noting that the tendency of both

hydrogen ions and atoms tends to preferentially

adsorb at the apparent defect locations with high

stress concentration [29].

Me ! Menþ þ ne� ð1Þ

2Hþ þ 2e� ! H2 ð2Þ

It has been well reported that a0-martensite is

usually generated at intersections of two inclined

deformation bands [30, 31]. Dislocations are contin-

uously emitted in front of the austenite/martensite

interface due to the high misfit elastic stress, then

bowed out and detached from the relatively soft

Figure 5 HRTEM images (a) and (d) along the [011] axes show a

large number of crystal defects in the austenite matrix at the front

end of the austenitic/martensitic hetero-interface after 30 min

cumulative immersion test. Apparent lattice distortions caused by

corrosion in a and d are indicated by red arrows. The vacancy

band in a is indicated by an elliptical dotted line, the vacancy

groups in d are represented by circular dotted lines, and the cyan

arrow represents a stacking fault. b, e The FFT patterns

corresponding to a and d. Lattice defects cause significant noise

interference in the FFT patterns. c, f The IFFT images clearly show

the dislocation structures in (�11�1) and (�200) planes, respectively.
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Figure 6 Schematic maps illustrate two patterns of dislocation

etch pit triggered by hydrogen ions at the intersection of

deformation bands. a Hydrogen ions adsorbed on the edge

dislocation outcrop to form hydrogen atoms and occupy the

vacancies, and a vacancy band is formed by dislocation slip.

b Hydrogen ions adsorbed on the partial dislocation outcrops on

both sides of the stacking fault to form hydrogen atoms. As the

pitting propagates, hydrogen atoms that do not adsorb on the metal

surface escape and form etch pits.

Figure 7 Competitive adsorption model for hydrogen and

chloride ions. a Hydrogen and chloride ions break into the

passive film and produce a tendency to move toward the defect

under the influence of dislocation outcrop defects. b Compared

with chloride ions, hydrogen ions have more adsorption

advantages on the high-density dislocation outcrops and prevent

chloride ions from adsorbing on the defects after adsorption. c As

the corrosion continues, the adsorbed hydrogen ions trap electrons,

form hydrogen atoms and escape, and the surrounding metal atoms

continue to dissolve along the close-packed plane. d Hydrogen

ions continue to adsorb along the dissolved close-packed plane,

resulting in pitting propagation.
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austenitic region during the deformation process [32].

As shown in Figs. 4 and 5, a mass of dislocation

structures appears in the austenitic matrix at the front

end of the a0-martensite, whereas no significant dis-

locations in the a0-martensite or the austenite away

from deformation bands intersection. The hetero-in-

terface of the austenite/martensite acts as a ‘‘dislo-

cation pump,’’ pumping plenty of dislocations into

the austenite matrix around the generated a0-
martensite [32], causing a surge in dislocation den-

sity, and associating high back stress in the sur-

rounding austenite [33].

Due to the complex dislocation configuration and

stress state, the adsorption of hydrogen ions can

trigger pitting initiation in several ways. For one,

since the metal atoms at the front end of edge dislo-

cation outcrops dissolve, the hydrogen ions adsorb

and capture electrons to form hydrogen atoms, sub-

sequently fall into the hydrogen traps formed by the

dislocation outcrops. Due to the local stress changes

during the dissolution process, the edge dislocation

may slip along the close-packed plane. Repeating the

above process after slipping will form a vacancy band

with several nanometers in length along the disloca-

tion slip direction as shown in Fig. 5a, and the

increase in local defects will in turn promote pitting

initiation. The above process is distinctly illustrated

in Fig. 6a. Another pattern for pitting triggered by

hydrogen ions is related to partial dislocation, which

is shown in Fig. 5d and illustrated in Fig. 6b. The

dissolved partial dislocation outcrops on both sides

of the stacking fault are occupied by hydrogen atoms

and formed vacancies groups. As the pitting propa-

gation, hydrogen atoms that are not adsorbed on the

metal surface escape and form etch pits. This may

also be the reason why the surface of the specimen is

surrounded by tiny bubbles during the immersion

experiment. According to the aforementioned pitting

triggering mechanism, it can speculate that the

expansion and concentration process of extended

dislocations will promote the formation of vacancy

groups and accelerate the formation of pits.

There is a variety of theories about hydrogen pro-

moting pitting corrosion initiation. It is generally

believed that hydrogen ions enter the passivation

film to form hydroxide ions with oxygen ions and

then exchange with chlorine ions and cause local

enrichment. Or hydrogen ions are enriched around

the defects of the passivation film to form a local

positive charge region, which causes electrostatic

attraction and enriches the chloride ions at the

defects, eventually resulting in pitting initiation [29].

However, these theories cannot explain the difference

in morphology between the pit initiated at the

deformation bands intersection and those caused by

chloride ions in other locations. Since both hydrogen

and chloride ions exhibit adsorptivity to defects,

combined with the above analysis, a competitive

adsorption model for hydrogen and chloride ions is

proposed and graphically illustrated in Fig. 7. We

believe it may be due to the fact that hydrogen ions

are more sensitive to high-stress regions where

defects are concentrated than chloride ions. That is,

hydrogen and chloride ions have a competitive rela-

tionship for adsorption on defect locations, while

hydrogen ions have more advantages for adsorption

on high-density dislocation outcrops. In particular,

hydrogen ions can be adsorbed on an interstitial lat-

tice site at the front end of the dislocation outcrops,

while chloride ions are difficult to achieve. The metal

atoms at the defect locations lose electrons and dis-

solve; the hydrogen atoms which formed by trapping

electrons are subsequently occupied vacancies,

thereby preventing the metal from being attacked by

chloride ions. Therefore, only the pits with regular

morphology are formed at the region.

Conclusions

A regular morphology pit was found to initiate at the

deformation bands intersection of cold-rolled (0%,

5%, and 15% cold rolling reductions) 14Cr10Mn

MASS in acidic ferric chloride solution. The following

conclusions could be reached:

1. The study has identified that the pit initiate at the

deformation bands intersection of the cold-rolled

14Cr10Mn MASS is a sort of dislocation etch pit

with strict triggering conditions, which requires

high-density dislocations and acidic corrosion

condition.

2. The pitting at the deformation bands intersection

is related to the orientations, and the pitting

corrosion resistance increases in the order of

{100}h001i\ {110}h112i\ {111}h110i. When the

pitting initiation is triggered, the pit wall will

expand to the periphery along the trend of

retaining the close-packed plane, leading to an

increase in pit depth.
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3. By competing with chlorine ions, hydrogen ions

are preferentially adsorbed on the high-density

dislocations exposed in the austenite at the front

of the hetero-interface, capturing the lost elec-

trons from the metal atoms at the defects to form

hydrogen atoms, then occupying the vacancies,

thereby preventing the attack from chlorine ions.

Eventually, dislocation etch pits are formed at

deformation band intersections.

4. Two etch pit patterns triggered by hydrogen ions

were observed. For one, the hydrogen ions

adsorb on the edge dislocation outcrops and

form hydrogen atoms to occupy the vacancies

which formed by the dissolution of metal atoms.

Edge dislocations slip due to the change in the

local stress field and form vacancy bands. For

another, hydrogen ions adsorb on the partial

dislocation outcrops on both sides of the stacking

fault, and the formed hydrogen atoms also

occupy the vacancies. As the pitting propagates,

hydrogen atoms which are not adsorbed on the

metal surface will escape and form dislocation

etch pits.
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