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Stainless steels are widely used in various industries due to their desirable combination
of mechanical properties and corrosion resistance. However, corrosion of stainless
steels was reported seriously on the weld seam areas, and it is not exceptive for
microbiologically influenced corrosion (MIC). In the present study, MIC resistance of two
austenitic stainless steels (A1, A2 for short) and a duplex stainless steel (D1 for short) with
weld seams were comparatively studied by measurement of average and maximum pit
depths and electrochemical tests. Experimental results showed that the pit depth on the
weld seam was much deeper than that on the base metal for all the stainless steels.
The variations in linear polarization resistance (R pR) values on base metal and weld
seam showed that weld seam could promote MIC. Thus, the study indicated that the
weld seam accelerated the MIC. In addition, A1 steel with higher Cu content showed
the best MIC resistance, followed by A2 steel with lower Cu content, and D1 steel
without Cu addition exhibited the worst resistance to MIC, indicating that Cu addition
in stainless steels is speculated to be beneficial to the MIC resistance. The mechanisms
of Cu improving the MIC resistance in the stainless steels were discussed.

Keywords: microbiologically influenced corrosion, austenitic stainless steel, duplex stainless steel, weld seam,
base metal, pitting corrosion

INTRODUCTION

A type of corrosion that can be very harmful to almost all the engineering materials is what is called
microbiologically influenced corrosion (MIC). MIC is the term used for the phenomenon in which
corrosion is initiated and/or accelerated by the activities of microorganisms (Javaherdashti, 2008).
It is an electrochemical process, which occurs under the combination of energy source, carbon
source, electron donor, electron acceptor, and water (Javaherdashti, 2008). MIC is widespread in
every corner of national economic constructions, and it can occur in various environments such
as soil, fresh water, seawater, power generation, marine engineering, and oil field (Javaherdashti,
2008), for example, cooling water circulation system of power plant, ship system, oil exploitation,
storage and transportation system, sewage treatment pipeline, drinking water pipeline, locomotive
fuel storage tank, and so on, where there are different degrees of MIC attacks. MIC is mainly a
local corrosion (pitting corrosion), and its occurrence and development are unpredictable in time
and space.

According to the statistics, MIC is believed to account for 20% of all the corrosion damages
(Alabbas et al., 2013). It was reported that 75% corrosion of oil well pipes and 50% failures of
buried pipelines are caused by MIC in the United States (Shi et al., 2019; Yang et al., 2020). In 2002,
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a survey of the United States showed that corrosion losses
accounted for 3.1% of gross domestic product (GDP), of which
MIC accounted for ~20%, and the annual loss caused by MIC
was about US$3-5 billion (Shi et al., 2019; Yang et al., 2020). The
direct cost of MIC is estimated to exceed RMB 50 billion per
year in China (Shi et al,, 2019; Yang et al., 2020). It should be
emphasized that these data are out of date and do not reflect the
real losses today. Nevertheless, the loss caused by MIC is great,
and it is very difficult to mitigate MIC. It is therefore important
to improve our understanding of MIC and to take measures to
mitigate occurrence of MIC.

Stainless steels are widely used in various industries due
to their desirable combination of mechanical properties and
corrosion resistance. The corrosion resistance of stainless steels
is mainly determined by the addition of corrosion resistant
elements such as Cr and Mo and control of microstructure.
Austenitic stainless steel (ASS) and duplex stainless steel (DSS)
contain high levels of Cr, Mo, and Ni resulting in excellent
corrosion resistance and good pitting corrosion resistance due
to their high pitting resistance equivalent number (PREN).
However, no matter if it is austenitic or duplex stainless steel,
the localized pitting corrosion caused by microorganisms is still
inevitable (Huttunen-Saarivirta et al., 2012; Tribollet, 2012; Liu,
2014; Li et al., 2016; Zhou et al., 2018; Dong et al., 2020; Yu
etal., 2020). Lekbach et al. (2019) reported that the Pseudomonas
aeruginosa biofilm could accelerate the corrosion of 304L ASS.
Xuetal. (2017) found that P. aeruginosa significantly reduced the
corrosion resistance of 2205 DSS, and the largest pit on 2205 DSS
caused by adhesion of P. aeruginosa reached to 14.0 pm. Liu et al.
(2018a) believed that Chlorella vulgaris could promote the pitting
corrosion of 316L ASS. The pitting corrosion was observed in the
presence of C. vulgaris with pit depth of 20 pm formed on the
surface after 21 days of incubation.

Literatures about MIC of stainless steels were mainly focused
on the base metals. As a structural material, welding of stainless
steel is necessary for engineering applications. The welding
area deserves special attention due to its role of reducing the
corrosion resistance. However, there were few studies concerning
the effect of weld seam on the MIC behavior of stainless steel
(Sreekumari et al., 2001; George et al.,, 2003). It is also worth
noting that the published work only evaluated the MIC of
weld seam with filler metal addition (Sreekumari et al., 2001).
Thus, there is a research gap for investigating MIC on the weld
seam without filler metal addition. The present study aimed
to evaluate the MIC behavior of three stainless steels with
weld seams (electric resistance welding, no filler metal addition)
and the base metal microstructures simultaneously, which was
seldom reported previously. This is the novelty of this paper.
In addition, the MIC resistance of three stainless steels was
also analyzed from the metallurgical features. Especially, the
mechanisms of Cu improving the MIC resistance in the stainless
steels were discussed.

EXPERIMENTAL PROCEDURES

Materials
Three different commercial stainless steels, including two
austenitic stainless steels (referred as Al and A2 steels,

respectively) and a duplex stainless steel (referred as D1 steel)
were used in this study. The specific chemical compositions of
these steels are listed in Table 1. All the experimental steels were
in as-received condition (annealed).

For electrochemical measurements, rectangular flat coupons
with dimension of 10mm x 10mm X 5mm were employed.
Two different coupons (i) coupons with weld seam generated by
electric resistance welding (ERW) without addition of filler metal
and (ii) coupons with only base metal, were used. The coupons
were first embedded in an epoxy resin, leaving an exposed area of
100 mm?. For electrical connection, a copper wire was soldered
at the rear of the coupons. The coupons were ground to 1,000#
by a series of sand papers, cleaned in acetone and alcohol, and
finally dried by a hair drier. The same coupons for surface
morphology analyses were also treated by the same method
as above. All the coupons were sterilized under ultraviolet for
30 min before experiment.

Microstructure Observation

Microstructure characterization of three stainless steels including
base metal and weld seam was performed. Rectangular flat
coupons with an area of 1 cm? were mechanically ground to
2,000# by a series of sand papers, polished, and then etched in a
5g FeClz 4+ 50 ml HCI + 100 ml distilled water mixed solution.
The microstructure characteristic was observed under a Zeiss
LSM700 optical microscope.

Bacterial Medium

MIC test was conducted in the API RP-38 medium containing
sulfate-reducing bacteria (SRB). The same SRB strain was used
as described in our previous papers (Shi et al., 2017a,b, 2018).
The strain was not identified in the present study because the
corrosion mechanism of this strain has been discussed previously
(Shi et al., 2018). They were anaerobically cultured in the
API RP-38 medium with the following compositions: 0.2 g/L
MgSO4e7H,0, 0.5 g/L KH,POy, 10.0 g/L NaCl, 1.0 g/L ascorbic
acid, 4.0 g/L sodium lactate, 1.0 g/L yeast extract, and 0.02 g/L
Fe(NH4)2(SO4)2. The pH of the medium was adjusted to 7.1 by
1 mol/L NaOH. Prior to the test, the API RP-38 medium was
sterilized in an autoclave at 121°C for 20 min. The SRB were
activated for 12 h at 37°C before use.

Electrochemical Measurement

The electrochemical measurement was performed in a sealed
glass jar with volume of 1,000 ml. Before measurement, 950 ml
sterile API RP-38 medium was bubbled with N, for 4 h to remove
O3, and then, 50 ml SRB-inoculated medium was injected into
the jar by a syringe. Electrochemical measurement was conducted
using a Gamry 600 electrochemical system in a conventional
three-electrode electrochemical cell, consisting of a test coupon as
working electrode, a Pt mesh as counter electrode, and a saturated
calomel electrode (SCE) as reference electrode. Open circuit
potential values of the system were monitored with immersion
time. Linear polarization resistance (Rppr) was recorded at a
scan rate of 0.166 mV/s in the range of £10mV vs. open circuit
potential, which was repeated three times. The total test lasted for
25 days at a constant temperature of 37°C.
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TABLE 1 | Chemical compositions of experimental steels (wt.%).

Steels C Si Mn P S Cu Ni Cr Mo N Fe
Al 0.075 0.50 6.64 0.049 0.001 1.74 1.33 14.02 0.03 0.24 Bal.
A2 0.087 0.42 9.96 0.041 0.002 0.82 1.33 14.02 0.03 0.15 Bal.
D1 0.023 0.51 1.14 0.030 0.002 - 5.89 23.22 3.10 0.17 Bal.

(d) A2 weld seam, (e) D1 base metal, and (f) D1 weld seam.

FIGURE 1 | Optical images of three stainless steels showing microstructures of base metal and weld seam: (a) A1 base metal, (b) A1 weld seam, (c) A2 base metal,

Surface Analysis

After the test, the coupons were washed with PBS solution
three times and immersed into 5% glutaraldehyde for 1h
to fix the biofilm. They were subsequently dehydrated
with a graded series of ethanol (50, 75, and 100%) before
drying in cold air. The surface morphologies and pit

depths were analyzed using a scanning electron microscope
(SEM, MIRA3 TESCAN) and a confocal laser scanning
microscope  (CLSM, Zeiss LSM700), respectively. The
largest pit depth and the average pit depth were obtained
by measurements taken at 30 different locations for
each coupon.
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RESULTS AND DISCUSSION

Microstructures

The microstructure and grain size of stainless steels are
considered to play an important role in the MIC process (Ibars
et al., 1992). These two factors are compared in the present
study. Figurel shows the microstructures of three stainless
steels in base metal and weld seam areas. Obviously, austenitic
stainless steels (A1 and A2) are characterized by typical austenitic
microstructure, showing similar equiaxed austenite grains. The
grains are in the size range of 30-40 wm for the Al steel and
20-30 wm for the A2 steel. The duplex stainless steel (D1) is
composed of ferrite (gray) and austenite (white) microstructures.
The grain size is not uniform, varying in the range of 10-30 pm.
Compared with base metal, the weld seam microstructure is
different. For Al and A2 steels, the grains in weld seam areas
are very small, with high density of grain boundaries. The grain
size of D1 steel in weld seam area is much larger than that in
base metal. However, the grain boundaries between ferrite and
austenite become wider, and a large number of fine subgrain
boundaries appear within grains.

Characteristic of SRB Growth

The number of SRB was determined by the three-tube multiple
most probable number (MPN) method according to the
American Society for Testing and Materials (ASTM) Standard
D4412-84. The growth curve of planktonic SRB in the API RP-
38 medium is presented in Figure 2. After a lag phase in the
first day, the number of SRB entered a logarithmic growth phase
in the next 4 days, where the planktonic SRB number reached
a peak number of 1.6 x 107 cfu/ml on day 5. Then, it began
to decrease gradually, reaching 1.3 x 10° cfu/ml on day 10 and
5.0 x 10% cfu/ml at the end of the test. As we know, SRB are
special bacteria that gain their biochemical energy for growth
by oxidizing certain organic compounds or hydrogen (H;) with
sulfate (or other sulfur compounds such as sulfite, thiosulfate,
or sulfur) as terminal electron acceptors and reducing these
compounds to sulfides (H,S and HS™) (Beech, 2003). Sulfides
produced by SRB also play an important role in pitting corrosion.
Based on the work of Yuan et al. (2013), it can be speculated that
the sulfide concentration should be same with the trend of SRB
growth process.

Surface Morphology and Pit Depth

In general, when exposed to SRB, the coupon surface would be
covered by a thick layer containing the biofilm/corrosion product
(Shi et al., 2018; Liu et al., 2019). However, it is inconceivable
that the biofilm/corrosion product on the coupons is slim, and
only a few of bacteria (shown as red arrows in Figure4) and
a large of original scratches can be observed (Figure4). It is
possible that SRB did not grow under the present experimental
condition; however, it is not in conformity with the SRB growth
curve shown in Figure 2. Another possibility is that A1 and A2
steels contain some amount of copper (Cu). Cu is an important
alloying element with antimicrobial effect in steels (Liu et al,
2018c, 2019; Shi et al., 2018; Xu et al., 2018). Cu ions released
from Cu-rich phase in the steel can kill bacteria and inhibit the
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FIGURE 2 | Growth curve of sulfate-reducing bacteria (SRB) in the APl RP-38
medium.

formation of bacterial biofilm (Nan et al., 2012; Xia et al., 2015;
Shi et al.,, 2018; Xu et al., 2018). However, it is not true for the
D1 steel without Cu addition. Thus, the only possibility is that
the biofilm is not fixed completely and fell off during drying in
cold air.

Figure 3 shows parts of biofilm/corrosion products that did
not fall off, which were observed on the surface of A2 coupon.
Energy dispersive spectrum (EDS) analysis showed that those
biofilm/corrosion products contained C, O, S, and P, which are
the typical metabolites of SRB (Wu et al., 2014). Besides, Na, Mg,
K, CI, and Ca were detected in the biofilm/corrosion products,
which might come from the API RP-38 medium, and Fe, Cr, Si,
Mn came from the steel matrix (Figure 3a). In contrast, only Fe,
Mn, Cr, and Si but no S were detected on the surface outside
the biofilm/corrosion products (Figure 3b). Thus, it is reasonable
believe that biofilm/corrosion products were formed during
the experimental process, and MIC has occurred on the steels
although thick biofilm/corrosion products were not observed.

Figure 4 shows the corrosion attacked surface morphologies
of the three stainless steels. Some aggressive pits can be observed
scattering on the surface of coupons (shown as red circles in
Figure 4), and the original scratches are still clear. This fact
proves that MIC has indeed occurred on the coupons of the three
stainless steels although no obvious biofilm was found. From the
locations of the pits, it can be found that there are always a few
SRB colonies and their metabolites around the pits (shown as
red arrows in Figure 4), and they are the same for both base
metal and weld seam. Thus, it is confirmed that pitting corrosion
caused by SRB occurred on both base metal and weld seam, and
the pits were produced by SRB or its metabolism product instead
of the culture medium (Li et al., 2009; Yuan and Pehkonen, 2009;
Yuan etal., 2013; Dec et al., 2016). This can also be supported by a
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FIGURE 3 | Scanning electron microscopy (SEM) morphologies and energy-dispersive X-ray spectroscopy (EDS) analyses of corrosion products on the surface of A2
coupon exposed to sulfate-reducing bacteria (SRB) for 25 days. (a) Position of EDS analysis: biofiim/corrosion products, (b) Position of EDS analysis: matrix.

previous study that showed no pits appeared in the same medium
without SRB (Shu et al., 2018).

MIC is associated with pitting that is the main cause of fast and
unexpected failure of stainless steels. Thus, the MIC resistance
index can be characterized by measurement of the pit depth. To
compare the pitting corrosion resistance, 30 pits on both base
metal and weld metal areas, respectively, with randomly locations
were mapped by CLSM. It is worthy of noting that only the pits on
the weld seam area were counted for the weld seam coupons. The
pitting profiles imaged by CLSM (Figure 5) show that the deepest
pits are 4.9, 5.6, and 7.4um for Al, A2, and D1 base metals,
respectively. While the deepest pits on weld seam areas are 6.2,
10.4, and 12.3 pm for Al, A2, and D1, respectively. Obviously,
the deepest pit on the weld seam is deeper than that on the base
metal. Table 2 shows the statistical values of the pit depth of the
three stainless steels on base metal and weld seam areas. The
average pit depths of the base metal from total 30 pits are 3.1
+ 1.3,4.2 £ 1.1, and 4.6 £ 2.2 um for Al, A2, and DI steels,
respectively. However, the average pit depths on weld seam areas
are4.1 +£1.9,6.0 £3.2,and 7.1 & 3.9 pm, respectively, obviously
deeper than those on the base metals. Thus, the pitting corrosion
on the weld seam areas caused by SRB should be more serious
than that on the base metal, no matter the average pitting depth
and the maximum pitting depth.

Weld seam is a special area for welded stainless steel, and
the combination of physical and compositional changes brought
by the welding process is believed to alter the material surface

characteristics or the local microstructure change. In the present
study, the filler metal was not added during the welding process,
so the influence of composition change in the weld seam
was ignored. However, the weld seam area had smaller grains
compared with the base metal for A1 and A2 steels (Figure 1).
Although the weld seam area of D1 steel seemed to have larger
grains, a large number of fine subgrains could be observed within
the grains. This means that weld seam area contributed to a
longer grain boundary per unit area than the base metal. It
has been proven that grain boundaries prefer to the bacterial
attachment due to the elemental segregation and different energy
distribution between the grain boundary and matrix, and this
increased bacterial attachment resulted in more serious MIC
(Sreekumari et al., 2001). Although it is different from the fact
that there was no large amount of biofilm and/or bacteria (SRB)
observed on the weld seam areas in the present study, weld seam
accelerating MIC is confirmed again from the data of pit depth.
In addition, it can be found that the pitting corrosion
resistance of the Al steel is better than that of the A2 steel
(Table 2). This can be explained from the following metallurgical
features. First, it has been recognized that the microstructure
and surface roughness play important roles in the MIC process
(Ibars et al., 1992; George et al, 2003). In the present study,
Al and A2 steels showed same microstructures, and uniform
grinders were also used, i.e., same surface roughness. Thus, the
effects of microstructure and surface roughness on the MIC can
be excluded. Second, studies have shown preferential bacterial
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FIGURE 4 | Scanning electron microscopy (SEM) morphologies of pits on surfaces of coupons: (a) A1 base metal, (b) A1 weld seam, (c) A2 base metal, (d) A2 weld
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attachment on the grain boundaries in stainless steel (Sreekumari
et al,, 2001). This means that the smaller the grain size is, the
worse the MIC resistance is. Since A2 steel has smaller grains
than Al steel, the pitting corrosion resistance of the A2 steel
should be decreased compared with the Al steel. Third, the
Al steel has higher copper (Cu) content than the A2 steel.
Cu and its alloys are known for their antimicrobial activity,
and it makes Cu a desirable element in antibacterial metallic

materials. Unexceptionally, Cu in steels still exhibits antibacterial
performance (Nan et al., 2012; Xia et al., 2015; Shi et al., 2017a,b,
2018; Xu et al., 2018; Liu et al., 2019). However, the antibacterial
effect of Cu is a very complicated and multifactorial process. On
the one hand, Cu exhibits its antibacterial property in several
different forms. Akhavan and Ghaderi (2010) reported that CuO
nanoparticles immobilized by silica thin film heat treated at
300°C exhibited a strong antibacterial activity against Escherichia
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weld seam, (e) D1 base metal, and (f) D1 weld seam.

FIGURE 5 | Confocal laser scanning microscopy (CLSM) 3D images of pits on surfaces of coupons: (a) A1 base metal, (b) A1 weld seam, (c) A2 base metal, (d) A2

coli bacteria. Compared with CdS and SnS, CuS nanoparticles
have the highest antimicrobial activity against Escherichia coli,
Streptococcus aureus, Bacillus subtilis, and Candida albicans as
well as Salmonella sp. (Mostafa et al., 2020). Ren et al. (2011)
investigated the antibacterial efficacy of a Cu-bearing stainless
steel against E. coli and attributed its antibacterial property to
the precipitation of ¢-Cu phase. Xia et al. (2015) believed that
inhibition of the biofilm was caused by Cu ions released from
Cu-rich phase in a 2205-Cu duplex stainless steel, leading to its
effective mitigation of MIC by P. aeruginosa. Nan et al. (2012)

also confirmed that the precipitation of Cu-rich phase caused by
saturated Cu in the austenitic stainless steel is a crucial factor
to kill bacteria. On the other hand, Cu exhibits its antibacterial
property by several different antibacterial mechanisms. An
important one is Cu ions killing bacteria directly. Besides, the
antibacterial effect of Cu is also attributed to its ability to accept
and donate electrons as changing oxidation state between Cu™
and Cu?t (O’Gorman and Humphreys, 2012). This allows Cu
to act as a catalyst for the generation of reactive oxygen species
(ROS) that can cause oxidative damage to vital cell constituents
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TABLE 2 | Pit depths (measured from 30 pits for each) of the base metal and weld seam of three stainless steels after 25 days exposure in sulfate-reducing bacteria

(SRB)-inoculated API RP-38 medium.

Steel Base metal Weld seam
A1 A2 D1 A1 A2 D1
Maximum pit depth (um) 4.9 5.6 7.4 6.2 10.4 12.3
Average pit depth (m) 31+13 424141 46+£22 41419 6.0+3.2 714+39
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FIGURE 6 | Variation in open circuit potential with exposure time for three stainless steels: (A) A1 steel, (B) A2 steel, and (C) D1 steel.

such as proteins, nucleic acids, and lipids (Santo et al., 2011).
In addition, Cu may kill the bacteria by oxidation process. The
oxidation of Cu-rich phase on the surface is probable, and the
chemical state of Cu can change after exposure to the bacteria,
often a reduction of CuO or CuS to metallic Cu (Paschoalino
et al., 2008; Akhavan and Ghaderi, 2011; Liu et al., 2018b). Cu
ions may compete with some metal ions for selective binding
sites on proteins, leading to the loss of protein function. Cu
ions can also inactivate proteins by damaging Fe-S clusters in
cytoplasmic enzymes needed to produce branched-chain amino
acids (O’Gorman and Humphreys, 2012).

Nevertheless, it is worth mentioning here that SRB are special
bacteria. It has been widely recognized that the sulfides produced
by SRB also play an important role in corrosion (Yuan and
Pehkonen, 2009; Yuan et al., 2013). For this reason, Yuan et al.

(2013) demonstrated that sulfides activated by SRB were much
more aggressive than inorganic sulfides for 304 SS. Liu et al.
(2018b) believed that the addition of Cu into 316L SS would
not improve the resistance of SRB corrosion due to the Cu ions
would react with sulfides produced by SRB to produce copper
sulfide on the steel surface, instead of increasing corrosion of
the Cu-bearing stainless steels. However, this result is contrary
to our previous work (Shi et al., 2018), which revealed that not
only Cu ions but also ROS contributed to the SRB resistance.
In addition, even though Cu ions are neutralized by sulfides
produced by SRB and converted into copper sulfide finally, it
(CusS) still exhibits adequate antimicrobial activity (Mostafa et al.,
2020). Thus, although there is no direct experimental evidence
to prove the mechanism of Cu improving the MIC resistance
in stainless steels, it is reasonable to believe that Al steel with
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FIGURE 7 | Variation in linear polarization resistance with exposure time for three stainless steels: (A) A1 steel, (B) A2 steel, and (C) D1 steel.

higher Cu content would have better MIC resistance. Thismaybe  more biofilm covered on the weld seam areas, which would make
another reason that Al steel showed better MIC resistance than  Eqp higher (Li et al,, 2016).
that of A2 steel. Duplex stainless steel D1 has higher PREN value
than Al and A2 steels; however, it can be seen from the results  Linear Polarization Resistance
(Table 2) that higher PREN value has no obvious effect on the  Linear polarization resistance (Rppr) is a classical electrochemical
resistance to MIC. On the contrary, D1 steel showed the worst  method for fast corrosion analysis that is non-destructive and
resistance to MIC. Since Cu was not added in D1 steel, this may  can be used for study of MIC (Li et al., 2016). Tt is known that
be the direct reason for the poor MIC resistance for the D1 steel.  the Rypp is inversely proportional to the corrosion rate, showing
a high corrosion rate at low resistance. In the present study,
the corrosion rate was compared indirectly by the Rypr values,
Open Circuit Potential Figure 7 shows the variations in the Ry pr for three stainless steels
Figure 6 shows the open circuit potential (Eocp) vs. exposure time  (base metal and weld seam) as a function of exposure time. It can
data for three stainless steels (base metal and weld seam). They  be found that the Rypr values of the three steels showed a similar
display a similar trend at the whole period of exposure time. The  trend, that is, the Rypr values of three steels behaved a sudden
most and significant variation in Eocp occurred in the first 2 days.  decrease for the first 2 days. A sharp decrease in Rppr during the
The E,p values in both cases are maximum on the first day and  initial 2 days was correlated to the occurrence of MIC on the steel
then drop sharply on the second day. After 9 days, the Eqcp values  surface, which was just in the logarithmic growth phase of SRB
of three steels remain relatively stable. It is noted that the Eocp in  cells (Figure 2). The reproduction of SRB and the activities of
the base metal is lower than that in weld seam areas during days ~ microorganisms were accounted for the sharp decrease in Rypg.
2-9 for both cases, and then, the difference between weld seam  Besides, the Rypr values of the base metal were higher than that
and base metal becomes little. As mentioned above, there may be  of the weld seam when SRB were just injected into the culture
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medium (the Ripr value on first day). This is consistent with
the traditional understanding that the corrosion resistance of the
weld seam is lower than that of the base metal.

Another information that can be obtained from Figure 7 is
that the Rypr of the weld seam was lower than that of the base
metal in the first 6 days for three stainless steels, indicating that
the corrosion rate of the weld seam was higher than that of the
base metal, while the Ry pr of the weld seam became similar for A1
and D1 steels after 6 days. It is not the same for A2 steel, whose
Rppr for the weld seam was higher than that of the base metal
after day 6. According to the relationship of Rypr with corrosion
rate, it can be concluded that the corrosion rate of the weld seam
was higher than that of base metal in the first 6 days, then became
similar after 6 days for A1 and D1 steels. Thus, its average pitting
depth and the maximum pitting depth were larger than those of
the base metal (Table 2). For the A2 steel, the corrosion rate of
the weld seam was slower compared with that of the base metal
after 6 days; however, it was much higher than that of the base
metal in the first 6 days, especially on the first day. Therefore, the
net result was that the corrosion rate of the weld seam was higher
than that of the base metal, which in turn led to deeper pitting
depth for the weld seam (Table 2).

CONCLUSIONS

The results in this study indicate how the weld seam of stainless
steels could influence their resistance to MIC. The pits were
found to be significantly deeper on weld seam areas than those
on base metal by comparing average and maximum pit depths.
The variation in Ry pr values on the base metal and weld seam
showed that weld seam could promote MIC. In addition, high
Cu content steel Al showed the best MIC resistance followed
by low Cu content steel A2, and D1 steel without Cu addition
exhibited the worst resistance to MIC. Based on the analysis
of different antibacterial forms and antibacterial mechanisms
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