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potential dynamics polarization measurement and found
that the electrons released by the anode dissolution are
directly transferred to the specific protein in the sulfate
reduction site of the cell through the conductive ferrous
sulfide to reduce the sulfate. This conclusion is consist-
ent with the BCSR (Biocatalytic cathodic sulfate reduc-
tion) theory proposed by Enning [21]. Wikiel, Dong and
Castaneda [19, 22, 23] believe that the multi-anisotropy
of biofilm on the metal surface, the solution enters the
bottom of the biofilm through the porous structure of
the biofilm and directly contacts the metal, which makes
the environment of the metal vary and local corrosion is
more likely to occur. Brenda and Washizu [24, 25] be-
lieve that biofilm has a catalytic effect, which can in-
crease the cathode current density and accelerate the
self-passivation of metal surfaces.

However, due to the diversity of SRB and the complex-
ity of its metabolism, the corrosion mechanism of SRB is
still inconclusive. In addition, there are few reports on
the effect of SRB corrosion on the metal substrate under
the peeling coating. Therefore, it has practical engineer-
ing significance and application value to carry out the
corrosion research of SRB in complex environment.
Therefore, in order to provide a certain theoretical basis
and data support for the safe operation of the pipeline, a
series of technical meanswere used to study the influ-
ence of SRB on the corrosion behavior of X80 steel
under peeling coating.

Methods
Sample preparation
The copper wire was welded to the back of the sample,
and the side and welding surface were sealed with epoxy
resin. The working surface was polished to the mirror sur-
face with a series of emery paper (coarseness between 320
and 2000 mesh), and then distilled water, ethanol and
acetone were used to wash it. The chemical composition
(mass fraction) of X80 pipeline steel is shown in Table1.

Experimental medium
The soil near the X80 pipeline being used in southwest-
ern China was put into a drying box to air dry to remove
debris, and then it was dried for 10 h to remove mois-
ture in an oven at 120 °C. The dried soil and deionized
water are mixed with a mass ratio of 1:5, and the titra-
tion test is performed by centrifugation [26]. The chem-
ical composition and content of the soil are shown in
Table 2. The soil simulation solution is prepared with
deionized water, and nitrogen is filled into the solution

to exhaust oxygen. Subsequently, it was placed in an
autoclave (403 K) for about thirty minutes to kill the ori-
ginal microorganisms.

Activation culture and inoculation of sulfate reducing
bacteria
The Postgate medium (0.52 g), D-sodium lactate (0.11 g),
and distilled water (100 mL) were measured and placed in a
sterile Erlenmeyer flask, after which 5 mol/L NaOH was
used to adjust the pH of the solution. The configured
medium is sterilized in an autoclave, and then it is placed
on an ultra-clean workbench to cool to room temperature,
and the UV lamp is always turned on during the cooling
process. Among them, the components of Postgate
medium are divided into: Yeast extract 1.0 g/L, Sodium sul-
fate (Na2SO4) 3.5 g/L� Magnesium chloride hexahydrate
(MgCl2·6H2O)2.0 g/L� Ascorbic acid(C6H8O6)0.1 g/
L� Ammonium chloride (NH4Cl)1.0 g/L� Dipotassium
phosphate(K2HPO4)0.5 g/L� Calcium chloride (CaCl2)0.05
g/L� Ferrous sulfate heptahydrate (FeSO4·7H2O)0.5 g/
L� Sodium thioglycolate(C2H3NaO2S)0.1 g/L.

The purebred SRB was taken out of the refrigerator to
thaw, and then 30 mL of pure bacterial solution (includ-
ing glycerol) was removed with a pipette and added to
the prepared liquid medium (100 mL) [27]. The inocu-
lated medium was placed in a constant temperature bio-
chemical incubator at 30 °C for cultivation, and the color
change of the liquid medium was continuously observed.
If it turns black completely, it indicates that the cultured
SRB has biological activity. The experiment is divided
into two groups: (a) the bacteria experimental group in-
oculated with SRB and (b) the sterile control group not
inoculated with SRB. For the experimental group with
bacteria, the cultured SRB solution (50 mL) and the sim-
ulated soil solution (950 mL) were mixed. For the sterile
control group, deionized water 50 (mL) and simulated
soil solution (950 mL) were mixed [26].

Electrochemical experiment
The epoxy primer was thermally sprayed onto the bot-
tom plate of the experimental device to simulate the
peeling of the coating. The schematic diagram of the ex-
perimental test device is shown in Fig.1, where the peel-
ing height of the coating is 1 mm. The electrochemical

Table 1 Chemical composition of X80 steel (wt%)

C Si Mn P S Cr Ni Ti Nb V Mo Fe

0.063 0.28 1.83 0.011 0.0006 0.03 0.03 0.016 0.061 0.059 0.22 For balance

Table 2 Chemical composition of soil solution

H2O/mL Na2CO3/g NaCl/g Na2SO4/g NaHCO3/g

1000 0.16 0.5125 0.1712 0.0865
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experiment uses a three-electrode test system, the elec-
trochemical workstation model is CHI660D, in which
X80 pipeline steel is used as the working electrode, the
saturated calomel electrode is used as the reference elec-
trode, and the Pt electrode is used as the auxiliary elec-
trode. Electrochemical experiments mainly include open
circuit potential (OCP), dynamic potential polarization
curve, alternating current impedance (EIS) test [6]. First,
the open circuit potential of the working electrode is
tested, and then after it stabilizes, the electrokinetic
polarization curve and EIS are tested. The scan rate of
the polarization curve is 0.1 mV/s, the scan range is
Eocp± 250 mV, and the scan rate of EIS is 0.5 mV/s, the
test frequency range is 10� 2 ~ 106, and the AC excitation
signal is a 10 mV sine wave.

Soak experiment
The prepared electrode was immersed in the experimen-
tal device for 10 days, and then it was fixed with 2% glu-
taraldehyde phosphate buffer for about 5 h. After the

fixation is completed, rinse with sterile saline and use al-
cohol of 25, 50, 75, and 100% volume fraction to dehy-
drate about 10 min [27]. After dehydration, use the
model EMS 850 critical point dryer for drying. After de-
hydration was completed, we used the model EMS 850
critical point dryer for drying. Then use the environmen-
tal field SEM of model KYKY-EM6X00 to observe the
micro-morphology of the corrosion products on the sur-
face of the sample, and EDS to analysis the elemental of
the corrosion products on the surface. The applied SEM
and EDS working parameters are as follows: the imaging
method was secondary electron imaging (SEI), acceler-
ation voltage was 15,000 V, working distance was
7500� m and the emission current was 159� A. Further-
more, the EDS system was energy dispersive type and
the beam current was 40 nA.

Weightlessness experiment
First, the sample was weighed with a high-precision
electronic analytical balance model FA2005N. After

Fig. 1 Schematic of experimental set-up: (a) Three-dimensional; (b) Two-dimensional

Fig. 2 Variations ofODvalue and pH value with time: (a) ODvalue; (b) pH value
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the sample was soaked, it was rinsed with deionized
water and immersed in a rust removal solution (500
mL concentrated hydrochloric acid + 500 mL distilled
water + 3.5 g hexamethylenetetramine) at room
temperature for 10 min to remove surface corrosion
product. After the rust removal is complete, the sam-
ple is cleaned with deionized water and absolute etha-
nol, and then completely dried (the difference
between the two measurements is within 0.0002 g can
be considered sufficiently dry), and finally weighed
again. The corrosion rate is calculated.

Result
Growth of SRB
An 754PC ultraviolet spectrophotometer was used to
measure the optical density (OD) value of the solution

after X80 was immersed in the soil for different days
[28], the measurement results are shown in Fig.2. It can
be seen from Fig.2 (a) that SRB are the adaptation
period from the first day to the forth. This stage shows
that SRB do not rapidly multiply and die after entering
the new environment (soil simulation solution) from the
culture medium and its number is relatively stable over-
all. From the forth days to the eighth, SRB enter loga-
rithmic growth phase, and the growth rate of SRB are
the fastest in this phase. From the eighth days to the
tenth, SRB enter stable growth period, and the number
of SRB reached the maximum. From the thirteenth days
to the fourteenth, SRB enters the residual stage, in which
the number of SRB is relatively stable, and the total
number remains at a low level. In addition, hydrogen
ions are continuously consumed during the growth and

Fig. 3 The number of SRB on the surface changes with the immersion time: (a) 3d; (b)6d; (c) 9d; (d) 12d; (e) Quantity statistics
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Secondary corrosion products 3Fe2þ

þ 6OH � →3Fe OHð Þ2 ð6Þ

Corrosion weight gain
The corrosion rate of X80 pipeline steel under the peel-
ing coating in the aseptic and SRB-containing soil was
measured and calculated by the weightlessness experi-
ment method. The results are expressed in terms of
mass change as shown in Fig.12. It can be seen from

Fig. 12 that the corrosion rate of X80 steel in SRB-
containing soil is greater than that of aseptic soil in the
same time, which indicates that SRB greatly promotes
corrosion. In addition, the results of the experimental
group and the control group once again showed that the
corrosion rate of X80 steel on the 5th day was lower
than that on the 10th day.

Numerical simulation
The •secondary current distribution and dilute matter
transferŽinterface were used to simulation and the three-
dimensional physical model was established as shown in
Fig.12. Arbitrarily take a microcell from the stable, passive
corrosion model shown in Fig.12, its side length are set as
dx, dy, dz, where the volumedv = dxdydz � 0, and the
microcell structure is shown in Fig.13.

Suppose that the current flowing into the cell in thex
direction and the current flowing out in the model are
equal, namely:

ixdydz¼ ix þ � ix
� x

dx
� �

dydz ð7Þ

Similarly, in they direction:

Fig. 13 Schematic diagram of micro-body current flow

Fig. 12 Corrosion rate of X80 pipeline steel with or without SRB in
the soil
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iydxdz¼ iy þ � iy
� y

dy
� �

dxdz ð8Þ

in the z direction:

izdxdy¼ iz þ � iz
� z

dz
� �

dxdy ð9Þ

From the above eqs. (7), (8), (9) we can get:

�
1
�

� 2� ¼ 0 ð10Þ

That is to say, the Laplace equation is used as the con-
trol equation of the potential distribution in the corro-
sion field. The surface corrosion rate of X80 steel
obtained by simulation calculation after 10 days in soil is
shown in Fig.14. It can be found from Fig.14 that the
maximum corrosion rate of X80 steel in soil containing
SRB is about 3.5 times that of sterile soil.

Conclusions

(1) The growth and reproduction of SRB will cause the
pH of the solution to rise. The open circuit potential
change law of X80 steel in aseptic and SRB-
containing soil is basically the same, but the corro-
sion tendency is greater in SRB-containing soil.

(2) Both the simulation results and the electrochemical
experiment results show that SRB promotes the
corrosion of X80 steel in the soil. In addition, the
simulation results show that the maximum corrosion
rate with SRB is about 3.5 times that of sterile soil.

(3) The corrosion products of X80 steel in sterile soil
are mainly oxidation of iron, while SRB is present in
the soil, sulfide and phosphide of iron will be
formed on the surface of the sample
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