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Abstract

Present paper deals with an experimental investigation of pitting corrosion of forged 304 stainless steel. Material is exposed
to ferric chloride solution to investigate the effect of pitting corrosion. This material is known to provide structural strength
with improved toughness and ductility. A number of experiments were carried out on F304 SS under ferric chloride solution
by putting it for three different time durations of 8 h, 16 h, and 24 h. The results specify that pit formation increases over
time. During experimentation, the number of pits, pit depth, corrosion rate, weight loss, and average pit depth have been
measured. Microstructural characterization and surface roughness tests were carried out on the chemically exposed surface
to understand the growth of pitting corrosion. Fractographic images high-end microscopy showed that the ferric chloride
solution initiates the pitting of 304 austenite stainless steel. Furthermore, the exposure leads to the formation of a number of
small pits that coalescence together to form cracks that appear at the bottom of the pit. It was also confirmed that the appear-
ance of small bottom pits initiates cracks by increasing the duration of corrosion test to 24 h which is only due to dissolved
inclusive atoms of chloride as revealed by EDX analysis.
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1 Introduction

Austenite stainless steel is widely used for the corrosive
environment. Present work is focused on understanding
the effect of ferric chloride solution on F304 stainless steel
which is widely used for various industrial applications
(such as petroleum, food, medicine, and other industries).
The purpose of this study is to examine the corrosive behav-
ior of the material and to observe its effect with respect to
time. Many researchers have studied corrosion susceptibil-
ity of 304 stainless steel under different chemical solutions
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with varying pH and temperatures. Vogiatzis et al. examined
the corrosion behavior of 304 austenitic stainless steel in
simulated oil field produced water at 25 °C, and their results
indicated that the corrosion rate is reduced with time [1].
Street et al. analyzed the atmospheric pitting corrosion of
material 304 L stainless steel by using droplets of MgCl, for
24 h at temperature 30 °C. It was revealed that the pit mor-
phology was a sensitive function of relative humidity (RH)
[2, 3]. Degerbec et al. tested the specimens of steel type
18Cr—2Mo-Ti which were exposed for 1, 3, and 5 years in
a marine atmosphere. It was observed that in a near-coastal
area, the stainless steel type 18Cr—2Mo-Ti is well suitable
for usage in building applications [4, 5]. Xie et al. deter-
mined the change in pitting corrosion from the statistics
of pitting during the test duration up to 720 h exposed to
highly concentrated chloride solutions. It revealed that the
resistance to pitting corrosion was considerably affected
by chloride concentration and temperature. [6]. Prosek
et al. studied the application limits of different austenitic
and austenitic—ferritic (duplex) stainless steels subjected
to tensile stress. Furthermore, the corrosivity of chloride
deposits under given exposure conditions decreased in the
following order: calcium chloride (CaCl,) > magnesium

@ Springer


http://orcid.org/0000-0002-0327-3018
http://crossmark.crossref.org/dialog/?doi=10.1007/s40735-019-0283-z&domain=pdf

91 Page2of13

Journal of Bio- and Tribo-Corrosion (2019) 5:91

chloride (MgCl,) > sodium chloride (NaCl) [7]. Prosek
et al. investigated the corrosion performance of austenitic
and austenitic—ferritic (duplex) stainless steels in the exist-
ence of chloride deposits simulating non-rinsing atmos-
pheric environments. It was reported that in the presence
of calcium chloride solution, the stress corrosion cracking
(SCC) was susceptible even at low temperatures (20 °C and
30 °C) particularly in the cases of 304 L and 316 L stain-
less steels [8]. Typically, the pitting initiates at the surface
active sites, such as inclusion and chromium-depleted sites.
Changes in surface chemical composition and microstruc-
ture by electropolishing on corrosion and SCC of Alloy 182
in high-temperature water mitigated the corrosion, intergran-
ular corrosion, and SCC of Alloy 182 [9]. It has also been
illustrated that stainless steels experience a sharp growth
in pitting corrosion rate as the solution concentration, tem-
perature, or potential was changed marginally [10]. Another
study revealed that the austenite phase was less susceptible
to pitting corrosion than ferrite [11]. Shibata and Takeyama
reported that the pitting potentials of Type 304 and Type
316 stainless steel increase with increasing the amount of
chromium in the surface film formed by HNO; treatments
[12]. Paula investigated the synthetic urine solution with or
without diamond-like carbon (DLC) film under 5 N load and
1 Hz under reciprocating conditions, and the results indicate
60NiTi alloy without thermal treatment, and DLC film has
70 times better corrosion susceptibility [13]. Azarian stud-
ied the behavior (erosion—corrosion) of AA5052 aluminum
alloy exposed into 3.5 wt% NaCl solution and containing
silica sand. It concludes the erosion and corrosion rates hap-
pened at an impingement angle of 30° [14]. Jiang Jiaren
investigated the effect of dissolved oxygen (0-24 ppm) on
erosion—corrosion behavior of En30B alloy under the expo-
sure of 35 wt% silica sand and 3.5% NaCl solution at 30 and
45 °C. It was found the significant effect of temperature on
the total erosion—corrosion loss [15]. Suresh studied the cor-
rosion behavior of Al 7075/A1203/SiC MMNCs by dipping
the sample for 96 h in hydrochloric acid, sulfuric acid, and
3.5% sodium chloride. The results indicate that the hybrid
reveals additional resistance to corrosion [16]. The enhanced
density, higher area friction, and bigger size of A,,CuMg
particles (S-phase) on the rougher surface made it more sus-
ceptible to pitting [17]. The surface finish is an important
parameter for the corrosion resistance of the surface [18].
In other words, a smoother surface finish reduced the fre-
quency of metastable pitting and it has a greater probability
of achieving stable pit growth if the surface was smoother
[19]. Realizing the significance of applications of F304 SS
steel in chemically exposed environments, present work aims
to investigate the effect of ferric chloride solution on its cor-
rosion behavior. Consequently, the effect of chloride solution
on forged 304 stainless steel can be illustrated for industrial
applications. Moreover, the researcher has clarified the effect
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of pitting corrosion, but very fewer have studied on forged
304 stainless steel. Surface degradation due to its exposure
to FeCl; solution is studied using SEM and EDX based on
standard pitting corrosion test. Morphology and composition
of inclusions responsible for accelerating pitting corrosion
are identified, and their effect has been discussed in detail.
However, the rate of corrosion (CR) is calculated by the
equation [20]:

CR = ml — m2/AT (1)
where m1 and m2 are weight losses (mg) earlier and after-
ward they exposed into test solutions. The T is a time of

exposure (h), and A is the surface area of the specimens
(sz)_

1.1 Rusting Mechanism and Pit Growth

The overall corrosion reaction can be represented by gener-
alized equation:

M + nFe*™ — M™" 4 nFe** 2
where M"™" may be nFe?™ Ni>*, or Cr**. The above equation

is the sum of the following half-cell reaction:
Anode:M — M™ +nE 3)

Cathode: nFe** + nE — nFe?* ()
where ‘E’ refers to an electron. It is well known that the
anodic surface becomes in contact with solutions differing
greatly in composition from the initial ferric solution and
that these solutions grow relatively concentrated in the chlo-
rides of the reaction products shown in Eq. (1) [21]. A part
of the dissolved metal ions further lowers the pH value due
to hydrolysis reactions of:

Fe’* + 2H,0 — Fe(OH), + 2H* 6))
Ni** 4+ 2H,0 — Ni(OH), + 2H* (6)
Cr** + 2H,0 — Cr(OH), + 3H* (7

In this situation, the ferric chloride solution (FeCl,)
elements which precipitate from the solution will deposit
onto the specimen surface and form a compact FeCl; layer.
After the formation of the surface layer, it partially elimi-
nates FeCl; layer which affects the dissolution of the pas-
sive film. Since the dissolution rate is not constant over the
entire surface, some of the bare metal will be open to the
solution prior than the other, which sets up a local anode.
Additionally, because of galvanic corrosion, the bare metal
part is corroded and it slowly turns into a pit. This galvanic
pair forms among the bare metal (works as an anode) and
the FeCl, exposed surface (works as a cathode). The remain-
ing metal ions migrate and diffuse outward through the thin
water layer, and a part of them lowers the pH value of the
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surroundings by hydrolysis reactions (from 4 to 46), lead-
ing to an increase in corroded area [16]. Figure 1 depicts
a deep growth of pitting corrosion exposed in a chloride
environment. It consists of two regions (anode and cathode)
as shown. The deep structure of material where pitting is
formed is known as an anode region.

These anodic regions are very small as compared to
cathode zone produced on the diffused interface which is
adequate to electron loss and forms the pitting direction. It
was observed that the passive film turns into more critical in
nature when it is exposed to the solution of ferric chloride.

2 Materials and Methods

Austenite alloys with high chromium weight percent fraction
have an inherent capability to protect it from the corrosive
environments, and therefore, it takes a number of days or
months or maybe years to develop pits on the stainless steel
alloy naturally. However, in the current endeavor to examine
the effect of corrosion induced by chlorides, experiments
were carried out by exposing the material with the help of
concentrated chemical solution. Chemical composition of
material determined as per ASTM E1086-14 is shown in
Table 1.

Five experiments were conducted as per ASTM G-48
standard of procedure A and E, respectively. All specimens
considered were of same size, i.e., 5.28 x2.57x0.31 cm.
These specimens were kept immersed in the FeCl; solution
of 100 g reagent grade ferric chloride diluted with 900 mL
demineralized water. Table 2 shows the configuration of an
experiment performed with exposure time and temperature.
Morphology and microstructure of the oxide films were
investigated on Nova Nano SEM—450 at an accelerating
voltage of 10 kV equipped with powerful EDX and Leica
optical microscope.

o .
LT 73 : o o (Ai r) 0, :
l OH reior, OH l OH

Fe(OH); J

Fig. 1 Deep growth mechanism during pitting corrosion

Table 2 Exposure time and temperature during experiment

Specimen 1 2 3 4 5

Time (h) 08 and 16 24 24 12 24
Temperature (°C) 22 22 50 5 5

3 Experimental Results and Discussion

Experiments were carried out on five different specimens kept
under a corrosive environment at different temperature and
time durations as shown in Table 2. The surface of the speci-
mens was prepared with 220 grit and 420 grit emery paper.
During the entire process, eight parameters were investigated
as shown in Table 3. After experiments, the specimens were
observed under an optical microscope of Leica. The formation
of pits is shown in Figs. 2, 3, 4, 5, and 6, respectively.

3.1 Morphology of Corrosion Attack

The first specimen was put under corrosion test for the dura-
tion of 8 h at a temperature of 22 °C. The specimen having
a total surface area of 22 (cm?) was prepared with 220 grit
and 420 grit emery paper. Figure 2a shows the specimen 1
at x20magnification observed under an optical microscope
after the exposure of 8 h, and no significant pits have been
observed. But the total number of minor pits observed was sev-
enteen. The average pit depth was 0.2410 (mm) as determined
with the help of pit depth gauge.

The observed corrosion rate was 0.0011 (g/cm?). Specimen
1 is kept under corrosion test for two different time durations
of 8 h and 16 h at temperature 22 °C, respectively. Surface
morphology was studied at X 20 magnification using an opti-
cal microscope. The average pit depth was measured using
a pit depth gauge. Additionally, in a similar way for a differ-
ent set of experiments were also carried out at different time
durations and temperature. During these experimentations, a
significant amount of pits has been observed on the surface of
the specimen. Moreover, microstructures of all the fine speci-
mens are shown in Figs. 2, 3, 4, 5, and 6 distinctly. Table 3
shows the analysis of the results of all experiments. The result
was obtained in combination with the rise of temperature, and
the degree of erosion appeared to be more. Hence, the higher
temperatures and the start of corrosion will be found higher
[22]. For specimen 1 and 2, the corrosion rate increased with
increasing the exposure time at room temperature. Moreover,
while increasing the degree of temperature solution caused by

Table 1 Chemical composition
(Wt%)

Iron Carbon  Silicon

Manganese

Phosphorous ~ Sulfur ~ Chromium  Nickel Nitrogen

Balance  0.028 0.361

1.158

0.011 0.001 18.419 8.127  0.10
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Table 3 Experimental results of

. S.no. Parameters Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5

five specimens
1 Time duration (h) 8 16 24 24 12 24
2 Temp (°C) 22 22 22 50 5 5
3 Total surface area (cm?) 31 31 31 31 31 31
4 Avg. pit depth (mm) 0.2410 0.3610 0.8062 0.9460 0.2 1.3
5 Corrosion rate (g/cmz) 0.0011 0.0015 0.0041 0.021 0.0047 0.0054
6 Initial wt. (g) 32.3440 32.3090 30.5530 31.6340 27.3520 29.1010
7 Final wt. (g) 323090 32.2600 30.4360 30.9920 27.2190 28.9370
8 Total wt. loss (g) 0.035 0.049  0.117 0.642 0.133 0.164
9 Significant pit observed No No Yes Yes No No

Fig.2 Optical image of cor-
roded specimen at 22 °Ca 8 h
andb 16 h

A Dissolved
Metal =~

(a) (b)

Fig.3 Optical image of corroded specimen at 22 °C, 24 h Fig.4 Optical image of corroded specimen at 50 °C, 24 h

intensification in the concentration of the test solution, cor- increases with an increase in exposure time and becomes
respondingly, it also augmented the chemical reaction, thus  independent of time duration if kept at a fixed concentration
increasing the solution acidity and corrosion as well. of the solution. For instance, at a temperature of 30 °C for a

Figure 7 shows that weight loss of the material is a func-  time duration of 13 h, weight (wt) loss is found to be 0.1 g,
tion of temperature. Contour shows that the weight loss  but it becomes 0.2 g while the temperature is increased to
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Fig.6 Optical image of corroded specimen at 5 °C, 24 h

40 °C and still kept for 13 h. Figure 8 shows that average pit
depth is a function of both time and temperature. Contours
show that average pit depth increases with an increase in
both time and temperature.

For instance, at fixed temperature of 20 °C constant
horizontal direction shows that pit depth increases with an
increase in time, whereas vertical direction shows that pit
depth increases with an increase in temperature also. It can
be observed from temperature—time—corrosion rate plot in
Fig. 9 that resistance to pitting by austenite stainless steel
304 reduces with the increase in corrosion rate, i.e., at lower
temperatures (5 °C), corrosion rate is higher in compari-
son with room temperature (22 °C) and elevated tempera-
tures (50 °C). This signifies the surface of F304 stainless
steel dissolves more at low temperature. However, Fig. 9
shows that corrosion rate is a function of temperature only.
It is independent of time at fixed temperature for fixed time

50
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Fig.7 Weight loss (g) of corroded specimen with respect to time (h)
and temperature (°C)

™~

0.4

\_4 '
—~

06
g w0
]
& 04
Avg. Pit Depth (mm) 06
20 4
08
™02,
0.4
] 06
10 / / od 10
02
12
—N ] / . /
8 10 12 1 16 18 20 pa] 24
Tme

Fig.8 Avg. pit depth (mm) of corroded specimen with respect to time
(h) and temperature (°C)

duration. Similar relation can be seen in Fig. 10 which shows
the number of pits increases with an increase in temperature.
Contours show that for every fixed time duration, the number
of pits increases.

3.2 Surface Roughness
Surface roughness parameter profoundly influences the
growth of pitting corrosion and pit to crack formation since

surface irregularities act as a stress concentration points pro-
moting corrosion phenomenon.
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Fig. 10 No. of pits of corroded specimen with respect to time (h) and
temperature (°C)

Table 4 Results of surface roughness

However, in spite of its high degree of surface rough-
ness, the smooth surface can be considered as more resist-
ant to the pitting corrosion, because a less number of
sites are available for attack. The results show that surface
roughness has a strong effect on the initiation of meta-
stable pits shown in Table 4. It has been observed that
the surface roughness may affect the number of pit sites.
However, extra pit sites may be wide-open if the surface
roughness is more and the surface density of the sites is
constant [15]. Therefore, lower the temperature, higher
is the surface roughness observed. Figure 11a shows the
results represent at the centre of the specimen. It was
found that at a temperature of 5 °C for time duration of
13 h, the surface roughness is measured to 1.5 pm. Simi-
larly, at temperature of 13 °C at time 12.5 h the surface
roughness is found to be 1.0 pm. Further, with an increase
in time the surface roughness becomes constant. At 30 °C,
the surface roughness is almost constant and is found to
be 0.5 um. Figure 11b illustrates the surface roughness
at the edge of the specimen with respect to time and tem-
perature. It was found that the surface roughness becomes
constant at temperature of 30 °C and above. Surface
roughness at edges of the specimen is also reduced with
an increase in time.

These series of experiments suggested that the pits start
to propagate, and pit to crack transition on rough surface
is much easier as compared to smooth surfaces. Moreover,
smooth surface affects the less number of sites which further
accelerate pit growth.

3.3 EDX Analysis

The corroded specimens corresponding to temperature of
5 °C, 22 °C, and 50 °C kept for an exposure time of 24 h
were analyzed using (Energy Dispersive X-Ray) EDX.
Equivalent weight percent and atomic percent values as
obtained from EDX analysis are given in Table 5 with
respective spectra. The ferric chloride inclusion attacks the
localized sites and initiates the pit formation. The pit loca-
tion was identified to find out the varying composition of
F304 stainless steel exposed under the ferric chloride solu-
tion. Figure 12 shows an EDX analysis of specimen at tem-
perature 5 °C and exposure time of 24 h. The results confirm

S. no. Parameters Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
1 Time duration (h) 16 24 24 12 24

2 Temp (°C) 22 22 50 5 5

3 Surface roughness (at centre) R, (um) 0.712 0.732 0.758 1.57 2.61

4 Surface roughness (at edge) R, (um) 0.410 0.574 0.586 0.704 3.15
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Surface Roughness at Center

‘Tempcarture

Fig. 11 Surface roughness of F304 stainless steel at a center and b edge

Table5 Wt% of Clin all experiments

S.no. Parameters Specimen 1  Specimen 2  Specimen 3
1 Temperature (°C) 5 22 50

2 Exposure time 24 24 24

3 wt% of Cl 1.13 0.88 1.65

exposed region as a composition of chloride ion near the pit
surface which is 1.13 wt%.

Furthermore, Fig. 13 shows the observed result of EDX
analysis of the second specimen exposed in 22 °C for 24 h.
Figure 14 represents EDX spectrum of specimen exposure at
temperature 50 °C for 24 h. High chloride content has been
observed at 50 °C which was 1.65 wt% of total weight wt%.
The increased temperature gradually increases the concen-
tration of chloride around the pit surface.

The EDX results reveal that most of the pitting surfaces
show a varying chemical composition of the exposed mate-
rial. The Mn and Cl inclusions were found around the pitting
surface, and the plane surface of the material has around
3 wt% of these inclusions. Moreover, oxygen was found
around the pitting with 4.52 wt% fraction at room tempera-
ture. In corrosive environments, iron oxide is formed when
iron and oxygen react in the existence of water/moisture in
the air. Chromium which has a highly corrosive resistance
shows 22 wt% in the pitting surface. This fraction helps to
reform the passive layer around the pitting surface to stop the
growth of pits. The result of Fig. 14 confirms that the surface
is mostly covered by FeCOj; and iron oxide.

50 \
05 \
0.0 /
40 4
Surface Roughness at Fige
05 0.0
0.0
j2l
Y
2
5
=
0 05— |
20
/ /' o 7]
T
12 14 16 1s zo 22 24

Table 5 indicates the results of the concentration of chlo-
ride wt% on the pitting surface. The oxygen percentage sig-
nifies that the air was in contact with metal surfaces and it
also augmented the odds of corrosion rate. It is concluded
that the chloride concentration increases with an increase
in temperature. However, it was observed that corrosion
cracking starts at a high concentration of chloride and tem-
perature. Previous studies also specify that the higher tem-
perature is no longer adequate to resist the corrosion in 304
SS. [23]

3.4 Variation in Corrosion Rate with Mn
and Nitrogen

As per the results, Mn and nitrogen were found on the sur-
face of F304 SS and these insertions have a tendency to
dissolve into the material and produce a localized attack
at the interface of austenite initially. Figure 15a indicates
the corrosion rate versus Mn wt%. The Mn wt% was deter-
mined with the help of EDX analysis. Specimen “A” rep-
resents the specimen exposed to 24 h at 5 °C. Specimen
“B” represents the specimen exposed to 24 h at 22 °C, and
Specimen “C” represents the specimen exposed to 24 h at
50 °C. Noticeably, materials with maximum temperature of
50 °C show the lowest Mn wt% and the highest corrosion
rate. The best resistance to the pitting corrosion in chloride
medium showed at room temperature even at the highest
Mn wt% inclusion. It was found that the Mn wt% is hardly
affected by temperature and start pitting process very fast.
Figure 15b reveals nitrogen enrichment at the pitting surface

@ Springer
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Elements CK N K OK FeL NiL SiK PK SK CIK CrK Mn K
Weight % 2691 | 1.60 8.47 34.07 | 4.38 1.93 0.38 0.35 1.13 22.85 | 6.41
Atomic % 60.24 | 3.07 13.67 | 16.40 | 2.00 1.84 0.33 0.29 0.86 11.82 | 3.14

Fig. 12 EDX image of specimen exposure at temperature 5 °C and time 24 h and the results of EDX analysis of F304 stainless steel

64

Lsec 3000 Cnts (.00 keV Det Octane Plus Det

Elements CK N K OK FeL NiL SiK PK SK ClIK CrK Mn K
Weight % | 16.75 | 3.73 4.52 31.29 | 545 1.55 0.95 0.90 0.88 27.03 | 6.95
Atomic % | 41.24 | 7.87 8.36 16.57 | 2.75 1.63 091 0.83 0.74 1537 | 3.74

Fig. 13 EDX image of specimen exposure at temperature 22 °C and time 24 h and the results of EDX analysis of F304 stainless steel

interface as compared to without pitting surface. This nitro-
gen enrichment increases with an increase in temperature

@ Springer

leading to nitrite formation. The dissolution reaction of elec-
trochemical nitrogen can be signified as:

N +4H* +3e” = NH}
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0 5 sl 63
Lsec: 3000 Cots 0000 kel Dt Octane Pl Det
Elements CK NK OK FeL NiL SiK PK SK CIK CrK Mn K
Weight % 18.86 | 1.43 6.89 3732 | 495 1.24 0.71 0.38 1.65 2136 | 5.21
Atomic % 45.04 | 293 12.34 | 19.17 | 2.42 1.27 0.66 0.34 1.34 11.78 | 2.72

Fig. 14 EDX analysis of F304 stainless steel of specimen exposed at temperature 50 °C for 24 h
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Fig. 15 Variation in the corrosion rate as a function of a Mn and b nitrogen at pit surface

3.5 SEM Analysis

The pit surface morphologies of corroded specimens at dif-
ferent magnifications have been observed. Figure 16a depicts

the surface of the F304 stainless steel alloy exposed under
12 h at 5 °C. It was found that in Fig. 16a, the surface of the
exposed steel becomes brittle which helps to develop a tiny
amount of cracks/pits throughout the surface. Figure 16b

@ Springer
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Diffusiye
Interfage 4%

Fig. 17 SEM morphology of stainless steel alloy exposed at 5 °C under 24 h

shows the hemispherical pit size being developed on the
surface of alloy. The pit bottom has large opened surface.
As shown in Fig. 16b, a small number of cracks and crack-
like topographies can be seen nearby the pit boundary. Fig-
ure 17 reveals the surface morphology of the alloy exposed
in chemical solution at the temperature of 5 °C and time 24 h

@ Springer

which (a) expressed the surface of the corroded alloy and (b)
represented the hemispherical pit geometry. The distance of
95.56 pm and 95.34 um was calculated by using software
“Image;j”.

It was found that the surface of alloy revealed many tiny
cracks throughout the surface which will further initiate
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the localized crack and then start to propagate. Figure 18c
shows the small cracks at the pit bottom site, and it was
most likely to crack easily. The small amount of inclusion
was found at the bit bottom which will act as an electro-
lyte and increase material degradation. Figure 19a shows
the pit geometry of hemispherical type and (b) represents
inclusion at the surface of pit bottom. In most of the cases,

this inclusion also helps to initiate the more pit at the sur-
face of pit bottom. Further, SEM image also revealed that
the corrosion cracking has initiated from the pit base and
from the intergranular corroded area. The surface texture
of the exposed specimens formed corrosion layer after
12 h (at 5 °C), 24 h (at 5 °C), 16 h (at 22 °C), and 24 h
(at 22 °C), respectively. Figure 18a shows the corrosion

Fig. 19 SEM images of alloy exposed at a temperature of 22 °C and 24 h

@ Springer
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Small Pit

Fig.20 SEM images of alloy exposed at the temperature 50 °C and 24 h

layer, which had many cracks on the entire surface pos-
sibly will be the corrosion layer in progress to develop,
and it takes place from altered spots on the surface and
creates many “landmasses” of corrosion product. Once
these “land mass” produced and overlapped with together,
deep cracks were developed among them. Moreover, it was
determined that as the specimen corroded, the chemical
solution in which specimen exposed slowly reached satu-
ration. Primarily, the FeCl; deposit on the surface of the
specimen and overlie the cracks. The corrosion layer turns
into shielding and accordingly the corrosion rate reduced.
Figure 20a represents the small pits at the bottom of the
pit. Furthermore, in view of this, characterization of steels
with high-end microscopy advanced techniques is essential
[24-27].

Usually, the material degradation was more inside the
pitting surface. Therefore, the internal surface of pit is
more corrosive in nature and the pit tries to meet together
through inside the pitting surface. Figure 20b also repre-
sents that the pit was trying to damage the material from
inside the alloy. It has been revealed that Mn has a strong
attraction to sulfur to proceed extremely stable MnS inclu-
sions and, as a consequence, it typically seems to proceed
these sulfides within austenite stainless steel microstruc-
ture. Stainless steel assessed here confirms the existence
of manganese sulfide inclusions which allows revealing
the different mechanism of Mn action with respect to cor-
rosion rate.
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Under the acidic environments, Mn was speedily dis-
solved and let the creation of excessive amount of oxidized
above the pitting surface, which let the re-passivation pro-
cess. The chemical solution found more aggressive at high
temperature under the investigated environments.

4 Conclusion

Based on the extensive experimentation carried out on F304
stainless steel alloy being subjected to pitting corrosion
tests for varying time and temperatures (5 °C, 22 °C, and
50 °C),The following conclusions are obtained:

1. An increase in time period leads to an increment in the
number of pits, whereas an increase in temperature (up
to 50 °C), the corrosion rate decreases. This leads to the
conclusion that proper attention should be taken while
using F304 stainless steel during operations at high and
low temperature.

2. EDX analysis revealed the dissolution of chloride in
abundance around the pitting surface which appears to
be responsible for pits formation and inclusion.

3. Observations on pit morphology with light microscopy
showed pitting probability and pit average size and depth
of pits. It was found that surface finish shows a signifi-
cant role in the corrosion behavior, but this connection
was found to be not as expressively when a chloride-
containing solution was used. A possible reason for this
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behavior should be fierceness of the chloride ions in the
direction of the stainless steel’s passive layers.

The corrosion rate increases with pit depth, and material
weight loss increases with an increase in temperature. It
was also found that the chloride concentration was more
aggressive at low temperature as compared to room tem-
perature.

It is also understood that small cracks and tiny pits more
easily start to initiate at the pit bottom surface and more
corrosive in nature as compared to the top surface of
the specimen. Furthermore, material degradation was
faster at the pit bottom, and it is more susceptible for the
generation of new pits and cracks.
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