
Pitting and Intergranular Corrosion Resistance
of AISI Type 301LN Stainless Steels

S. Ningshen and U. Kamachi Mudali

(Submitted June 25, 2008; in revised form March 18, 2009)

The pitting and intergranular corrosion (IGC) resistance of AISI type 301LN stainless steels were evaluated
using ASTM methods, anodic polarization, and electrochemical impedance techniques. The IGC results
indicated that the microstructure of the samples after sensitization heat treatment at 675 �C for 1 h shows
step or dual structure for both imported and indigenous materials indicating insignificant Cr23C6 precip-
itation. The results of immersion tests in boiling 6% copper sulfate + 16% sulfuric acid + copper solution
for 24 h followed by the bend test (ASTM A262 Practice-E method) indicated no crack formation in any of
the tested specimens. Pitting corrosion resistance carried out in 6% FeCl3 solution at different temperatures
of 22± 2 and 50± 2 �C (ASTM G 48) up to the period of 72 h revealed pitting corrosion attack in all the
investigated alloys. The potentiodynamic anodic polarization results in 0.5 M NaCl revealed variation in
passive current density and pitting potential depending on the alloy chemistry and metallurgical condition.
The passive film properties studied by electrochemical impedance spectroscopy (EIS) correlated well with
the polarization results. The x-ray diffraction (XRD) results revealed the presence of austenite (c) and
martensite (a¢) phases depending on the material condition. The suitability of three indigenously developed
AISI type 301LN stainless steels were compared with imported type 301LN stainless steel and the results
are highlighted in this article.
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1. Introduction

Austenitic stainless steels are widely used in various
engineering applications such as chemical, petrochemical,
fertilizer, and nuclear industries because of good combination
of high strength, formability, weldability, and corrosion resis-
tance (Ref 1-5). Mass transit systems all over the world are
turning to austenitic metastable stainless steel for railcars to
reduce weight, provide high strength and impact safety, and
minimize the higher costs for corrosion protection and life-
cycle costs (Ref 6-10). AISI type 301 stainless steels charac-
terized by a metastable structure are fully austenitic (c-phase) in
annealed condition but partially transform to martensite during
deformation (Ref 6-8). In the annealed state, these steels show
low yield strength (300 MPa); however, significant strength-
ening (1500 MPa) can be achieved by cold plastic deformation
(Ref 8-10). Furthermore, addition of N provides higher volume
fractions of martensite during cold rolling and, consequently,
form smaller austenite grains on annealing (Ref 9, 10). This
transformation affects the mechanical properties significantly,
from large ductility after annealing to high strength after cold
rolling (Ref 8, 11). Such an effect is an essential requisite for
structural parts where resistance and torsional rigidity are

necessary in applications including railcars and automobile
industries. Railcar bodies made of AISI type 301LN (16Cr-7Ni-
0.15N) austenitic stainless steel weigh less than 55% compared
to bodies made of carbon steel, and is currently used in
Japanese commuter trains (Ref 8) and in Delhi metro railway
mass transport system in India (Ref 9). AISI type 301LN
austenitic stainless steel which contains lower Cr and Ni
contents than 304L or 316L stainless steel has economic merit
compared to other austenitic stainless steels (Ref 9-14).
However, pitting corrosion, and sensitization leading to inter-
granular corrosion (IGC), can be associated with the application
of type 301LN stainless steel to be used in mass transit railcar
industries (Ref 12, 14).

The scope of this work is to evaluate the pitting corrosion
and IGC resistance of different AISI type 301LN stainless steels
to be used for mass transit railcars. The phase changes induced
by cold working and annealed conditions and its effect on the
corrosion resistance are discussed and highlighted in this article.

2. Materials and Experimental Work

The chemical compositions of four different AISI type
301LN stainless steel used in this investigation are given in
Table 1. AISI type 301LN stainless steel used in this investi-
gation was designated as 301LN-1 (imported), 301LN-2 (30%
cold work), 301LN-3, and 301LN-4. Solution annealing
treatment was carried out for 301LN-1, 301LN-2, and
301LN-4 stainless steel, and 301LN-3 was obtained in full
hard condition followed by solution annealing. All indige-
nously developed AISI type 301LN stainless steels used in this
investigation were supplied by Steel Authority of India Limited
(SAIL), Salem Steel Plant, Salem, India.
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2.1 Specimen Preparation

The as-received stainless steel plate was cut into 10 mm9
10 mm size specimens. All the specimens were then polished
up to 600 grit using SiC paper and then mounted in epoxy resin
(araldite). The samples were then polished up to 1 lm diamond
finish for further corrosion studies.

2.2 Microstructure and IGC Evaluation

IGC evaluation caused by sensitization was carried out in
accordance with ASTM A262 Practice tests (Ref 15). All the
samples used in this study were given a sensitization heat
treatment at 675 �C for 1 h (ASTM-A262) prior to Practice A
and E tests. To classify the microstructures, all the stainless
steel samples were electrolytically etched at 1 A/cm2 for
1.5 min using 10% oxalic acid. The etched structure was
examined in optical microscopy and was characterized as step,
dual, or ditch structure.

ASTM A262 Practice E test was carried out by immersion
and boiling of specimen for 24 h in copper + 6% copper
sulfate + 16% sulfuric acid solution (Ref 15). Subsequently, the
bend test was carried out holding the tested specimen in vise
and bend over a diameter equal to the thickness of the specimen
(or bent through 180�). If cracks were observed, the material
was considered to be sensitized.

2.3 Pitting Corrosion Evaluation Using 6% FeCl3 Solution

The relative pitting corrosion evaluations were carried out
using 6% FeCl3 solution (Ref 16). The specimens were placed
in a glass cradle and immersed in the test solution at two
different temperatures of 22± 2 and 50± 2 �C up to 72 h.
After the test, the specimens were removed, rinsed with water,
dipped in acetone, and air dried. The weight of each specimen
was taken and the specimens were observed under microscopy
for pitting corrosion morphology.

2.3.1 Pitting Corrosion Studies Using Potentiodynamic
Polarization Test Method. Pitting corrosion studies were
carried out in 0.5 M NaCl solution at room temperature using
potentiodynamic polarization technique. The electrode potential
was anodically scanned at a rate of 10 mV/min from �500 mV
till pitting corrosion occurred. The potential at which a
monotonic increase in the anodic current exceeds 25 lA was
termed as the critical pitting potential (Epp). All the electrode
potentials were measured with respect to saturated Ag/AgCl
reference electrode. Three to four sets of pitting corrosion tests
were conducted for each specimen. The electrolyte was
continuously purged with purified argon to deaerate the
solution till the end of experiment. Details of the experimental
methods have been already describes elsewhere (Ref 17, 18).

2.3.2 Electrochemical Impedance Spectroscopy Stud-
ies. Electrochemical impedance spectroscopy (EIS) measure-
ments were carried out using Solartron 1255 Frequency
Response Analyzer (FRA) and Solartron 1287 Electrochemical

Interface. The experiments were carried out in the frequency
range of 0.01 Hz to 100 kHz by superimposing an AC voltage
of 10 mV amplitude at open circuit potential. The EIS results
were interpreted using ‘‘equivalent circuit’’ shown in Fig. 1.
The circuit description consists of the arrangement of
[Rs(CPE||RP)] elements, where Rs is the solution resistance
and CPE is the constant phase in parallel connection with RP

which is the polarization resistance at the interface. The
characteristic parameter values of these elements are then
obtained directly by fitting the experimental impedance curves
using Zview Version 2.6 (Scribner Inc.) software.

The impedance expression of CPE (Ref 19) is given by
ZCPE = 1/[T(jx)n], where x is the angular frequency, T and n
are frequency-independent fit parameters, j = (�1)1/2, and
x = 2pf, where f is the frequency (Hz). CPE has been used
in this investigation to obtain better fit for experimental data
and this will represent generalized form of passive film double
layer capacitance. EIS measurements under same condition are
almost reproducible.

2.3.3 X-Ray Diffraction Analysis. The XRD analysis
was performed on the alloy samples by using INEL Model
x-ray 300 diffractometer. Diffraction lines were recorded in the
range of 2h = 20� to 100� by applying filtered cobalt radiation
(kKa = 1.78892 Å).

3. Results and Discussion

3.1 XRD Pattern of Type 301LN Stainless Steels

The XRD patterns of type 301LN stainless steels in solution
annealed (301LN-1 and 301LN-4), as cold rolled (301LN-2),
and full hard plus solution annealed (301LN-3) and its
constituent phases are shown in Fig. 2(a) to (d), respectively.
The results of diffraction patterns of phase analysis revealed the
presence of austenite (c-phase) and a¢-martensite depending on
the material condition. In solution-annealed type 301LN-1
stainless steel (Fig. 3a), the XRD pattern is typical of austenite
c-phase, the peaks of which appear at 2h = 45.67�, 50.80�,
91.68�, and so on, with traces of a¢-martensite (43.65�, 51.3�,
and 82.85�). In 301LN-2 stainless steel, the XRD pattern of
as-deformed sample shown in Fig. 2(b) reveals the presence of

Table 1 Chemical compositions of AISI type 301LN stainless steels (wt.%)

Alloy Cr Ni Mn C N Si S P

301LN-1 17.26 6.53 1.58 0.019 0.10 0.55 0.003 0.173
301LN-2 16.96 6.61 1.56 0.017 0.146 0.62 0.003 0.034
301LN-3 16.89 6.66 1.70 0.016 0.166 0.42 0.001 0.018
301LN-4 16.90 7.10 1.64 0.020 0.173 0.44 0.003 0.033

RS

CPE

RP

Fig. 1 The equivalent circuit (RS[CPE||RP]) used for the fitting the
experimental Nyquist impedance plots
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the a¢-martensite (2h = 43.65�, 74.68�, and 95.27�) induced
by cold rolling. Similarly, in full hard and solution-annealed
sample of 301LN-3 stainless steel shown in Fig. 2(c),
c-austenite peak (45.65�, 64.57�, and 91.74�) with certain
amount of a¢-martensite (43.65�, 83.21�) is observed. Meta-
stable type 301LN stainless steels are susceptible to a
deformation-induced martensitic transformation and can alter

the mechanical and corrosion properties (Ref 6, 8, 10, 20).
Furthermore, in austenitic steels, the c fi a¢ transformation
rate increases with increase in the degree of deformation
(Ref 21). Other factors that affect the strain-induced phase
transformation are the strain rate, grain size, and deformation
mode (stress state) (Ref 12, 20). The most important are the
alloy chemical composition and the temperature at which the
plastic deformation takes place (Ref 22). It has been observed
that increase in Cr and N suppresses such transformation and Ni
and C are known to have strong opposite effect (Ref 22, 23).
During martensitic transformation, a¢-martensite is nucleated in
the austenite phase at the intersections of shear bands that
consist of stacking fault bundles and mechanical twins
(Ref 24). In this study, no evidence of the presence of
e-martensite was found in the XRD pattern. Therefore, all the
samples were considered to contain only c-austenite and
marginal a¢-martensite phases depending on the alloy condition.

3.2 Intergranular Corrosion Resistance

The microstructural evolution of different type 301LN
stainless steels in soft (solution annealed), cold rolled, and full
hard conditions has been studied. The IGC due to sensitized
microstructure is one of the major problems faced by austenitic
stainless steel components used in various industries (Ref 3, 25,
26). The formation of such precipitates comprising Cr-rich
M23C6 carbide (M = Cr, Ni, Fe; Cr-65 wt.%, Ni-10 wt.%, and
Fe-5 wt.%) or Cr2N at grain boundaries during heat treatment
(from 450 to 750 �C), welding, fabrication, or irradiation
restricts their use in aqueous environments (Ref 3, 26). The
results of the electrochemically etched microstructure of
different type 301LN stainless steels are shown in Fig. 3(a) to
(d). The microstructure of all the tested samples showed mostly
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Fig. 2 XRD patterns of different AISI type 301LN SS

Fig. 3 Optical micrographs of different AISI type 301LN stainless steels etched using 10% oxalic acid after heat treatment at 675 �C for 1 h:
(a) 301LN-1, (b) 301LN-2, (c) 301LN-3, and (d) 301LN-4

276—Volume 19(2) March 2010 Journal of Materials Engineering and Performance



dual and scattered carbide precipitates throughout the structure.
The martensitic formation in cold-rolled sample (301LN-2) was
confirmed by XRD analysis (Fig. 2), and the formation of fine
austenite grains was observed in type 301LN-3 stainless steel
(Fig. 3c).

The results of bend test carried out after exposure of
specimens to copper + 6% copper sulfate + 16% sulfuric acid
solution for 24 h to assess the IGC resistance of type 301LN
stainless steel are shown in Fig. 4(a) to (d). It is clearly
observed from these photo macrographs that all the investigated
alloys after the bend test did not show crack formation,
indicating that the specimen is unaffected by sensitization heat
treatment (675 �C for 1 h). These results clearly revealed that
AISI type 301LN stainless steel in different metallurgical
condition showed good resistance to sensitization. In stainless
steel, C and N play predominant role in controlling sensitiza-
tion kinetics. The tendency for sensitization and intragranular
precipitation increases with the increasing C content in the
alloy, and the addition of N offsets deleterious effect of C
(Ref 3, 25, 26).The detrimental effect of C on sensitization can
be further reduced by the addition of stabilizing elements like
Ti and Nb. Strong carbide-forming elements such as Nb and Ti
preferentially combine with the available C and lessen the
opportunity for Cr23C6 to nucleate (Ref 26, 27). Similarly,
alloys with higher Cr contents are more resistant to sensitization
as time to Cr depletion at the grain boundaries is shifted to
longer duration (Ref 28). The beneficial effects of N on the
sensitization have been observed in many studies (Ref 3, 14,
25, 26, 29), and the retardation of sensitization by N has been
confirmed for alloys with N up to 0.16 wt.% (Ref 27, 28). In
the present alloys, subsequent to Cr23C6 precipitation, the grain

boundary Cr depletion can be delayed by the presence of N.
Nitrogen is known to retard the nucleation and growth of
Cr23C6 precipitation and changes the activity of Cr in
equilibrium with the carbide (Ref 26-29). However, the details
of kinetics of precipitation are not yet fully understood.
Moreover, IGC arising due to sensitizing also depends on
various other factors like alloy composition, grain size, cold
work, heating/cooling rates, heat-treating temperature, and time
(Ref 3, 25, 27, 29). The key alloying element responsible for
sensitization is C. Increasing N, Mn, Cr, and Mo contents are
known to improve the resistance to sensitization and IGC
(Ref 25, 27, 29). The negligible carbide precipitates observed in
these alloys can thus be attributed to the presence of low C and
higher N that delay the onset of Cr23C6 precipitates.

3.3 Ferric Chloride Immersion Tests

The results of the immersion test of the samples in a 6%
FeCl3 solution after 72 h are shown in Fig. 5. It was observed
that the as-deformed cold-rolled specimen (301LN-2) showed
the highest weight loss in both temperatures at 22 and 50 �C.
Type 301LN-4 stainless steel with the highest N (0.173%)
content showed lower weight loss at both 22 and 50 �C. As
expected, the weight losses are significant at higher temperature
(50 �C) compared to measurement at 22 �C. This can be
attributed to the accelerated corrosion reaction at higher
temperature and also due to high oxidizing and high acidic
(pH� 1.2) nature of the testing solution. Compared to as-rolled
cold-worked steel, solution annealed and full hard material
plus annealing showed improved corrosion resistance due to
decrease in the martensite content (Ref 30). Higher weight loss
observed in cold-worked sample of type 301LN-2 stainless
steel could be attributed to two effects: the high density of
defects produced during plastic deformation that introduced
defective passive film and the presence of strain-induced
martensite in the structure that leads to a creation of a galvanic
effect between the martensite and austenite phases (Ref 21, 30).
Hence, the presence of strain-induced martensite is the main
factor for reduced corrosion resistance of cold-rolled type
301LN stainless steel. Also, the defect density of the austenite
and martensite phases is known to increase with increasing
cold-rolling reduction (Ref 30). Thus, lower weight loss

Fig. 4 Bend test for IGC evaluation of different type 301LN stain-
less steels after boiling for 24 h in copper + 6% copper sulfate +
16% sulfuric acid solution (ASTM-A262 Practice E): (a) 301LN-1,
(b) 301LN-2, (c) 301LN-3, and (d) 301LN-4
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Fig. 5 Weight loss changes in 6% FeCl3 Æ 6H2O after 24 h immer-
sion for type 301LN SS
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observed in type 301LN-4 stainless steel could be attributed to
solution annealing and higher N content of the alloy. The
solution annealing treatment resulting in reduces propensity for
corrosion and increase in N are known to further improve the
corrosion resistance (Ref 1, 2, 30).

The results of macrographic examination after immersion in
6% FeCl3 solution in both 22 and 50 �C for 72 h indicated
pitting attack in all the alloys (Fig. 6a-d and 7a-d). However, no
corrosion product formation on the surface could be observed.
In room-temperature studies, the photomicrograph of different
samples after immersion test in 6% FeCl3 indicated pitting
corrosion attack (Fig. 6a-d). The cross-sectional shapes of most
of the alloys showed wide and deep corrosion pit with annular
in shapes. Similarly, the photomicrographs after immersion test
in 50 �C (Fig. 6a-d) indicated severe pitting corrosion attack in
all the specimens; pits are shallower with irregular shape of
varying diameters in the range of 0.2 to 0.5 mm. The overall pit
morphologies were almost similar to those specimens tested at
room temperature, and the intensity of pitting attack was more
at higher temperature. These results indicated that all the
investigated type 301LN stainless steels are susceptible to
pitting corrosion under accelerated 6% FeCl3 test condition.

3.4 Potentiodynamic Anodic Polarization Studies

The results of potentiodynamic anodic polarization of type
301LN stainless steels obtained at room temperature in 0.5 M
NaCl solution are shown in Fig. 8. All the potentiodynamic
polarization results shown in Fig. 8 were fairly reproducible
and different polarization parameters are shown in Table 2. The
general shapes of the potentiodynamic curves are similar, but
some differences in the corrosion potential (ECorr), corrosion
current density (ICorr), and passive current density (IP) could be

observed. However, no characteristic trend in ECorr could be
observed, and the differences in ECorr values between the alloys
are insignificant (Table 2). Passive current density (IPass) was
the lowest for 301LN-4 (2.48 lA/cm2), followed by 301LN-3
(4.2 lA/cm2), 301LN-1 (6.06 lA/cm2), and 301LN-2 (7.4 lA/
cm2). Almost a similar trend could be observed in ICorr in the
alloys. In general, IPass is a measure of the anodic dissolution or
reaction rate at a certain potential in the passive region and it

Fig. 6 Pitting corrosion resistance evaluation of AISI type 301LN
stainless steels using ASTM G48 test method to the period of
72 h carried out at room temperature: (a) 301LN-1, (b) 301LN-2,
(c) 301LN-3, and (d) 301LN-4

Fig. 7 Pitting corrosion resistance evaluation of AISI type 301LN
stainless steels using 6% FeCl3 (ASTM G48) to the period of 72 h
carried out at 50 �C: (a) 301LN-1, (b) 301LN-2, (c) 301LN-3, and
(d) 301LN-4
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can be used as a measure of the resistance against electro-
chemical corrosion. Lower IPass in higher N-containing alloy of
type 301LN-4 stainless steel (0.173%N) is associated with
decrease in anodic dissolution due to N addition. As observed
in Fig. 8, the pitting potentials (EPP) of 301LN-4 (430 mV) and
301LN-3 (420 mV) were similar and higher as compared to
301LN-1 (330 mV). Cold-worked 301LN-2 (180 mV) sample
showed the lowest pitting potential. Better pitting corrosion
resistance observed in solution-annealed 301LN-4 sample was
due to higher N content, homogenous austenite microstructure,
and dissolution of precipitates by solution annealing. Hamada
et al. (Ref 30) had reported a similar results in type 301LN
stainless steels, indicating reduction in the corrosion resistance
by cold working in an acidic chloride solution (pH� 1), but on
annealing it gets improved. This was attributed to evolution of
novel microstructures of retained austenite and submicron-
grained austenite by annealing of cold-rolled strips.

The pitting corrosion resistance of stainless steels can be
significantly affected by metallurgical variables such as cold
working, alloy composition, inclusions, heat treatment, sensi-
tization, precipitates, etc. (Ref 1-4, 25, 27). As mentioned
earlier, metastable stainless steels such as type 301LN are fully
austenitic (c-phase, face-centered cubic) in annealed condition,
but partially transform to martensite during deformation and this
affects the corrosion resistance significantly (Ref 11). Accord-
ingly, when the austenite transforms into the deformation-
induced martensite, the number of atoms in the lattice is
decreased, followed by increase in the volume with the total
number of atoms unchanged (Ref 31). Thus, higher pitting
corrosion resistance observed for 301LN-3 can also be attrib-
uted to the alloy chemistry and presence of higher N content
(0.166%). The reduction in pitting corrosion resistance of type
301LN-2 stainless steel (180 mV) may be attributed to defect
density introduced by cold rolling. The detrimental effects of
deformation substructure defects affecting the corrosion resis-
tance in austenitic stainless steel have been reported in a number
of studies (Ref 6, 10, 32-35). Elayaperumal et al. (Ref 35)
observed increase of the passivation current density with
deformation in AISI type 304 stainless steel due to strain-
induced martensite in the structure. Similarly, Barbucci et al.
(Ref 6) observed a detrimental effect of the strain-induced
martensite phase on the corrosion resistance of AISI type 301
stainless steel in 1 M H2SO4.

In this work, formation of strain-induced martensite has
been conformed in cold-worked type 301LN-2 stainless steel
(Fig. 2). It has been reported that martensite formed after
deformation is more negative in the galvanic potential series
and thus affects the corrosion behavior (Ref 36). Similarly,
Sunada et al. (Ref 37) have reported the direct correlation
between pitting corrosion resistance and martensite content in
AISI type 304 SS. It is evident from this work that the
annealing treatment of AISI type 301LN stainless steel reduces

the propensity for localized corrosion. Furthermore, by com-
paring the pitting corrosion resistance of the investigated alloys,
it is observed that the pitting corrosion resistances of indige-
nous (301LN-3 and 301LN-4) stainless steels are better or
comparable to the imported material (301LN-1). Except in
cold-worked specimen (301LN 2), the pitting corrosion resis-
tance was lower compared to imported material. However, due
to varying and scattered chemical composition in the present
investigated alloys, the specific role of N cannot be differen-
tiated; however, it demonstrates that higher N content enhanced
the pitting corrosion resistance. Higher N content increasing the
pitting corrosion resistance in austenitic stainless steels has
been observed in many of our earlier works (Ref 2, 17, 18, 25,
34). The beneficial effect of N in improving the pitting
corrosion resistance is well known and numbers of proposals
have been suggested toward the role of N (Ref 1-5). These
include the local buffering effect of N by formation of either
NH3, NH4

+, NO3
+, nitride, etc., N impending active dissolu-

tion, enrichment in passive film, barrier layer, N-Mo synergism,
N retarding Cr23C6 precipitation, ferrite and deformation-
induced a¢ and e, etc. (Ref 1-5, 10, 17, 26-28, 38, 39).
However, based on the above observation, it can be summa-
rized that the indigenously developed type 301LN stainless
steel possesses better corrosion resistance compared to
imported grade in chloride environment.

3.5 EIS Studies

The EIS results of type 301LN stainless steel measured
under open circuit potential (OCP) in deaerated 0.5 M NaCl
solution are displayed in Fig. 9. The EIS results of the Nyquist
plot showed an unfinished single semicircle arc, and distinct
differences can be observed in all the impedance spectra
depending on the condition of the samples (Fig. 9). In general,
the increase in semicircle arc radius is normally indicated by
the increase in Rp value which is inversely proportional to the
corrosion rate of the system. All the fitting parameters of the
impedance plots are given in Table 3, both as capacitance CPE-
T, the correspondent CPE power �n� and polarization resistance
RP. The simulated curves basically follow the experimental data
for most of the measurements.

When a protective passive oxide film is formed on the metal
surface, the obtained impedance corresponds mainly to the

Table 2 Potentiodynamic polarization parameters
of 301LN stainless steels in 0.5 M NaCl solution
(IPass were measured at 150 mV)

Materials ECorr, mV ICorr, lA/cm2 IPass, lA/cm2 EPP, mV

301LN-1 �260 0.182 6.03 330
301LN-2 �190 0.168 7.36 180
301LN-3 �202 0.160 4.21 420
301LN-4 �150 0.147 2.48 430
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Fig. 9 EIS measurement of AISI type 301LN stainless steels in
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impedance of surface passive film as the metal�s charge transfer
reaction is relatively small (Ref 10, 19). Thus, the stability of
passive films and its corrosion resistance is determined by the
alloy composition, electrolyte media, and condition of the
material (Ref 2, 18, 25). Also, the changes in the passive film
properties are attributed to structural changes in the film and
changes in the ionic or electrical conductivity of the passive
film (Ref 38, 39). In Table 3, higher RP values are observed for
type 304L-4 stainless steel followed by alloy 301LN-3 and
301LN-1, except for the as-rolled type 301LN-2 stainless steel,
the RP value is lower. RP values are strongly dependent on
the passive film characteristic and are a measure of corrosion
resistance of the materials. The higher RP value implies good
corrosion resistance, and lower value could indicate the
interaction of underlying metal with electrolyte solution
accelerating the oxidation and corrosion of the metal. Based
on electrochemical impedance spectra observation, higher RP

measurements indicating higher corrosion resistance are con-
sistent to passive current density and pitting potential of the
investigated alloys. Lower RP values observed in type 301LN-2
stainless steel may be related to increase in ionic conductivity
through the passive film or thinning of passive film resulting in
nonprotective passive film (Ref 19, 36). CPE-T is a measure of
generalized capacitance of the interface to store charge
corresponding to the space charge region developed in the
oxide near the film/electrolyte interface (Ref 19, 36). CPE-T
changes can be affected by the presence of adsorbed anions or
surface compositions. The relatively higher CPE-T value of
301LN-2 alloy could be attributed to the nonhomogeneous
nature of the passive film. The inhomogeneity within the film is
a result of local defects, which weaken the chemical bonds and
the film property. Lower value of CPE-T also implies the
formation of more protective film on the electrode surface,
indicating better stability of the passive film. Based on the
above results, the impedance film resistance of higher
N-containing alloys is better, but cold-rolled alloy shows poor
passive film stability. Chou et al. (Ref 10) using impedance
measurement has observed that the passive film stability of type
301L stainless steel was greatly affected by the N content. They
demonstrate that the presence of N in type 301L stainless steel
either inhibit the corrosion or assist the passivation processes.
Similarly, in the present results, some correlation of N content
with film stability has been observed. Based on the above
results, some characteristic trends are visible depending on the
metallurgical conditions and N content despite the scatter in
alloy composition of the investigated alloys.

4. Conclusions

The evaluation of pitting corrosion and IGC resistance of
AISI type 301LN stainless steels and its relation to phase

changes induced by cold working and annealed conditions has
been studied. The microstructure after sensitization heat
treatment revealed insignificant Cr23C6 precipitation for both
imported and indigenous materials. The negligible carbide
precipitates is attributed to low C content and N that delay the
onset of Cr23C6 precipitates. Furthermore, the bend test
indicated no crack formation in all investigated alloys, thus
revealing insignificant sensitization in the investigated alloys.
The relative pitting corrosion resistance measured at different
temperatures of 22 and 50 �C indicated pitting corrosion attack
in all the alloys under accelerated 6% FeCl3 test condition.
However, the potentiodynamic anodic polarization results in
0.5 M NaCl solution revealed that pitting corrosion resistance
of indigenous type 301LN stainless steels are better or equal to
the imported grade type 301LN stainless steel in chloride
media. The EIS results correlated well with the polarization
results as indicated by higher film resistance for higher
N-containing alloy and lower film stability for as-cold-rolled
alloy. In cold-worked alloy, the formation of strain-induced
martensite was detrimental to both pitting corrosion resistance
and passive film stability.
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