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Alloy 508-111 steel and 304L stainless steel are often used in pressure vessels found in nuclear power
plants, and when both are exposed to boric acid, galvanic corrosion will occur and affect operational
safety. The corrosion behavior and galvanic corrosion behavior after pairing these two metals in different
boric acid solutions were studied by open circuit potential, polarization curve, AC impedance, zero-
resistance ammeter, weight loss and SEM methods. The results showed that the differences in
electrochemical properties between the two metals made A508-111 act as the anode and 304L act as the
cathode to form a galvanic couple that promoted the occurrence of galvanic corrosion. Compared with
a single corrosive environment, the corrosion rate of A508-111 was significantly accelerated under
galvanic corrosion and the surface oxide composition also changed. An increase in the concentration of
boric acid solution exacerbated galvanic corrosion. An excessive anodic area could slow down the
galvanic corrosion current and quickly stabilize the corrosion. Ultimately, a galvanic corrosion model of
A508-111 and 304L in boric acid solution was described.

Keywords: galvanic corrosion; A508-111 steel; 304L stainless steel; electrochemistry; zero-resistance
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1. INTRODUCTION

Galvanic corrosion refers to corrosion behavior in which two or more metals having different
potentials are in the same medium and conduct through a connection or other methods. The occurrence
of galvanic corrosion is mainly due to metals having different open circuit potentials[1]. In the galvanic
corrosion process, oxidation and reduction reactions involving free electrons and ions occur on the metal
surface, including hydrogen depolarization and oxygen depolarization[2, 3]. Among them, the metal
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material with a high potential value acts as a coupling cathode, and the surface generally undergoes a
hydrogen evolution reaction and oxygen reduction reaction, which slows down the corrosion rate[4, 5].
The metal material with a low potential value serves as the coupling anode, the metal dissolves on the
surface and the corrosion rate increases significantly[6].

The primary circuit pressure vessels of pressurized water reactor nuclear power plant often uses
Alloy 508-111 steel (A508-I11) as the outer layer material and 304L stainless steel (304L) as the inner
layer material[7]. Boric acid is used as a neutron absorber and lithium hydroxide is used as a pH regulator
to control the reactivity in the water conditions[8]. Compared with 304L, A508-11l has more active
chemical properties. A508-111 and 304L will form a galvanic couple when they are in the same solution
medium, A508-111 with a low corrosion potential will act as the anode and the corrosion rate accelerates.
304L with a high corrosion potential will act as the cathode, and the corrosion rate slows down. Boric
acid, as a necessary neutron absorber in the primary circuit, is inherently corrosive to metals, especially
when it leaks due to a rupture in the stainless steel shell and the failure of sealing elements in the primary
circuit. The pH of the saturated boric acid solution at 95 °C is less than 3, which is extremely corrosive
and causes dissolution and corrosion of carbon steel and low alloy steel[9-11]. In this case, because
A508-111 and 304L are simultaneously exposed to a high concentration of boric acid, they can potentially
form galvanic couple, and accelerate the corrosion rate of the anodic metal, which will affect the safe
operation of the nuclear power plant[12]. At present, there are few reports on galvanic corrosion in this
situation.

Previous studies have shown that the factors affecting galvanic corrosion are complex, including
material properties, galvanic couple geometry and environmental characteristics[1, 13, 14]. The
corrosion potential difference between the two materials is the basis of galvanic corrosion. However, at
the same time, the polarization of the metal material in the corrosive solution medium will also affect
the degree of galvanic corrosion[15-17]. Among the geometric influencing factors, the area ratio of the
anode and cathode has a great impact on galvanic corrosion. When the area ratio of the anode and cathode
is large, the cathode current density is relatively small, and the dissolution rate of the anodic metal is
fast[18-22]. On the other hand, the concentration, pH and temperature of the solution medium also
greatly influence the galvanic corrosion rate[13, 23, 24].

In this study, the galvanic corrosion behaviors of an A508-111/304L coupled system is researched,
and the influence of the solution concentration and area ratio on the galvanic corrosion of the A508-
[11/304L couple is investigated by using electrochemical methods, zero-resistance ammeter method,
weight loss method and SEM analysis.

2. EXPERIMENTAL

2.1. Samples and solution preparation

Alloy 508-I11 steel and 304L stainless steel were selected as the experimental materials. The
elemental compositions are shown in Table 1.
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Table 1. Elemental composition of A508-111 and 304L

C Si Mn P S Cr Ni Mo Cu Fe
A508-111 0.216 0.228 139 0.012 0.0031 0.122 0.068 0.54 0.117 Bal.
304L 0.03 0.52 1.03 0.017 0.006 18.01 9.60 - - Bal.

A508-111 samples were processed into sizes of 10 mmx10 mmx4 mm, 20 mmx10 mmx4 mm,
50 mmx20 mmx4 mm and 40 mmx20 mmx4 mm; 304L samples were processed into sizes of 10 mmx10
mmx4 mm and 40 mmx20 mmx4 mm. Some 10 mmx10 mmx4 mm samples were used for
electrochemical experiments, the 40 mmx20 mmx4 mm samples were used for weight loss experiments
and the other samples were used for galvanic corrosion experiments. The backsides of the samples were
soldered with wire and sealed with a sealing agent formulated from an epoxy resin and a curing agent
(T31), leaving a surface as the working electrode. All samples were polished with wet silicon carbide
metallographic sandpaper from 400 grit to 2000 grit. Then, they were cleaned with deionized water in
an ultrasonic environment to remove surface impurities and washed with alcohol to remove surface oil.
After drying with cold air, the cleaned samples were placed in a dry box filled with nitrogen.

In the primary circuit of nuclear power plants, boric acid is commonly used as a neutron absorber
and lithium hydroxide is used as a pH regulator. To simulate the galvanic corrosion behavior of A508-
Il and 304L exposed to a boric acid leakage environment, different concentrations of analytical grade
H3:BO3 and LiOH-H20 were dissolved in deionized water as experimental solutions. The compositions
of the solutions are shown in Table 2.

Table 2. lonic compositions of the experimental solutions

Group a b C
B (ppm) 1200 2400 6000
Li (ppm) 2 4 10

2.2. Electrochemical experiments

A traditional three-electrode system was used in the electrochemical experiments and carried out
with a potentiostat. The reference electrode was a saturated calomel electrode (SCE), the auxiliary
electrode was a platinum electrode and the working electrode was a sample. All potentials in the
experiment were based on the SCE potential.

The experiments were carried out in a water bath at 25 °C, and the samples were immersed in
boric acid solution for 30 min until the open circuit potential (OCP) was substantially stabilized. The
potentiodynamic polarization scan started at 200 mV below the self-corrosion potential with a scan rate
of 1 mV/s. The AC impedance measurements were taken at the self-corrosion potential, and the sine
wave amplitude of the excitation signal was set to 5 mV with a frequency range of 10° Hz to 10 Hz.
The measurement results were fitted and analyzed using ZSimpWin software.
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2.3 Galvanic corrosion experiments

A zero-resistance ammeter method was applied in the galvanic corrosion experiments[25-27].
The A508-I11 and 304L samples were connected by a stainless steel wire and put into a boric acid
solution; then, the galvanic voltage and current were monitored by a digital multimeter (Keithley 2000)
at a temperature of 25 °C for 156 h. The working electrode area was set according to the experimental
requirements, as shown in Table 3. The data at 1 h, 4 h, 8 h, and 24 h were recorded, and then they were
recorded for every 12 h after the 24 h mark.

Table 3. Sample sizes of the materials selected for their different area ratios

area ratio 304L A508-I111
1:1 10x10x4 mm 10x10x4 mm
1:2 10x10x4 mm 20x10x4 mm
1:10 10x10x4 mm 50x20x4 mm

2.4. Weight loss experiments

Weight loss tests with the A508-111 samples were carried out in a galvanic corrosion environment
(area ratio 1:1) and a single corrosion environment. These tests were conducted in a 500-mL reactor
kettle with different temperatures and different solutions; furthermore, three parallel samples were setup
for each group. The samples were weighed and hung at the same height. High purity nitrogen gas was
introduced into the kettle for 30 min before the experiment to reduce the effect of oxygen on the results.
The samples were removed after 7 days and cleaned with water and a rust removing agent. Then they
were blown dry with cold air and weighed. The corrosion rate of samples in the boric acid solution was

calculated according to Eqn. (1)[21, 28]:

_ my—mp
v=—— 1)

where v represents the corrosion rate, g/(cm?-d); m, is the mass before corrosion, g; m, is the
mass after removal of the corrosion product, g; S is the sample surface area, cm?and t is the corrosion
time, d.

2.5. Surface analysis

After the occurrence of galvanic corrosion for 156 h at 25 °C, the A508-111 and 304L corrosion
samples obtained under different solutions were subjected to SEM and EDS tests.

3. RESULTS

3.1. Open circuit potential (OCP)

The open circuit potential (OCP) of A508-111 and 304L in boric acid solutions with different
concentrations at 25 °C are shown in Fig. 1a and Fig. 1b, respectively. It can be seen that in different



Int. J. Electrochem. Sci., Vol. 15, 2020 3302

concentrations of boric acid solution, the OCP of A508-111 and 304L hardly changed with time. The
OCP of A508-111 was more stable, ranging from -0.67 V to -0.6 V, and for 304L it was -0.4 V to -0.05
V. The OCP values of the two materials increased with increasing solution concentration, while for
304L, it increased more obviously. The difference in OCP between the metals was greater than 0.3 V in
all cases and became larger as the concentration of the solution increased. Serious galvanic corrosion
occurred when the difference was greater than 250 mV, and the tendency of galvanic corrosion increased
as the difference increased[29]. After coupling, A508-111 with a low corrosion potential value acted as
the anode and demonstrated accelerated corrosion, while 304L with a high potential value was protected
as the cathode and demonstrated inhibited corrosion.
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Figure 1. Open circuit potential (OCP) of a) A508-111 and b) 304L with different concentration of boric
acid and lithium ion solutions at 25°C

3.2. Polarization curve

The difference between the corrosion potentials provided the possibility of galvanic corrosion,
but it was still necessary to consider the polarization of the metal material in the corrosive solution
medium.

Fig. 2a and Fig. 2b show the respective potentiodynamic polarization curves of A508-111 and
304L after immersion in different concentrations of solution for 30 min at 25 °C. The corrosion current
density (lcorr) and passivation current density (Ip) of the corrosion samples were calculated by using the
Tafel linear extrapolation method, as shown in Table 4. It could be observed that A508-111 had no stable
passivation zone in different concentrations of boric acid solution. In contrast, the 304L had a passivation
phenomenon during the polarization process with a broad anodic polarization range.
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Figure 2. Polarization curves of a) A508-111 and b) 304L with different concentrations of boric acid and
lithium ion solutions at 25 °C

Due to the more active properties of A508-111, the corrosion current density was generally higher
than that of 304L. As the concentration of the experimental solution increased, both materials exhibited
greater corrosion current density. In addition, the passivation current density of 304L in boric acid
solution was very small, indicating that its corrosion resistance in boric acid solution was relatively
strong. With increasing solution concentration, the passivation current density of 304L increased
slightly, which proved that the corrosion resistance of 304L in boric acid decreased with increasing
solution concentration.

Table 4 Corrosion current density (lcorr) and passivation current density (Ip) of A508-111 and 304L with
different concentrations of boric acid and lithium ion solutions at 25 °C

Corrosion current density Passivation current density

Solutions (leor)) / Accm’? (Ip) / Acm?
1200 ppm B+ 2 ppm Li 1.437E-06 None
A508-111 2400 ppm B+ 4 ppm Li 1.510E-06 None
6000 ppm B+ 10 ppm Li 2.973E-06 None
1200 ppm B+ 2 ppm Li 1.167E-07 7.129E-07
304L 2400 ppm B+ 4 ppm Li 1.928E-07 9.311E-07
6000 ppm B+ 10 ppm Li 8.614E-07 3.126E-06

3.3. AC impedance

Fig. 3a and Fig. 3b show the respective Nyquist diagrams of A508-111 and 304L after immersion
in different concentrations of boric acid solution for 30 min. Fig. 4a and Fig. 4b show the Bode diagrams
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of A508-11l and 304L, respectively. It can be seen from the A508-111 Nyquist diagram that two
semicircular capacitive arcs were present in the boric acid solution, and these were found in the low
frequency and high frequency regions; in contrast, 304L showed only one semicircular capacitive arc.
In general, when the radius of the arc is large, the corrosion resistance of the material is high. As the
concentration of the solution increased, the radius of the arcs for the A508-11l1 and 304L samples
gradually decreased, indicating a lower impedance; additionally, the corrosion tendency was intensified.
It can be observed from the Bode diagram, the impedance modulus of A508-11l decreased as the
concentration of the solution increased at 0.01 Hz. In the 6000 ppm B+10 ppm Li solution, |Z|o.01H; had
a minimum value of approximately 2x10° Q and the phase angle was close to 0°; in contrast, 304L had
the minimum impedance modulus in the 1200 ppm B+2 ppm Li solution, and the phase angle value was
between 20~40°. The impedance modulus of 304L in the low frequency region was larger than that of
A508-I11.
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Figure 3. Nyquist diagrams of a) A508-111 and b) 304L with different concentrations of boric acid and
lithium ion solutions at 25 °C
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Figure 4. Bode diagrams of a) A508-111 and b) 304L with different concentrations of boric acid and
lithium ion solutions at 25 °C
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The electrochemical impedance spectra of A508-111 and 304L were fitted using the electrical
equivalent circuit diagram in Fig. 5 by ZSimpWin software. The results are shown in Table 5. It can be
seen from the fitting results that the transfer resistance (Rt) of A508-I11 was much smaller than that of
304L in a solution with the same concentration, indicating that 304L had better corrosion resistance than
A508-111. The transfer resistance decreased as the concentration increased. It could also be concluded
that 304L had a inferior dispersion effect.

Rs
— AN

Figure 5. Electrical equivalent circuit diagram of A508-111 and 304L with different concentrations of
boric acid and lithium ion solutions

Table 5. Fitting parameters of AC impedance

Rp CPE
(%)) Y n
1200 ppm B+2 ppm Li 357.6  1.96E-10 2194  8.755E-9  0.8851 5246
A508-111 2400 ppm B+4 ppm Li 3347  4.09E-10 913.1  7.561E-9 0.8791 2147
6000 ppm B+10 ppm Li 401.8 1.014E-9 1273  0.001012 0.3426  555.5
1200 ppm B+2 ppm Li 729.8  1.159E-9 1666  7.385E-5 0.7823 3.872E4
304L 2400 ppm B+4 ppm Li 826.0  7.37E-10 2616  5.863E-5 0.7792  2.528ES5
6000 ppm B+10 ppm Li 230.8 1.952E-9 5019 7.558E-5 0.7713 2.130E5

Steel Group Rs(Q) C(F) Rt(Q)

3.4. Influence of area ratio on galvanic corrosion behavior

When the area ratios of the cathode (304L) and anode (A508-I11) are 1:1, 1:2 and 1:10, the
galvanic voltage and current of the galvanic couple in different concentrations of boric acid solution are
shown in Fig. 6, Fig. 7 and Fig. 8, respectively.

As the reaction time progressed, the galvanic voltage and current gradually became stable, but
the amount of time it took to reach stability under different area ratios was different. When the anodic
area was large, the galvanic current stabilized more quickly. At the initial stage of the reaction, the
surface of the metal quickly formed a passivation film in the galvanic corrosion environment. As the
passivation film grew, the corrosion rate decreased, and the galvanic voltage and current also reached
equilibrium. When the area ratio of the cathode and anode was 1:10, galvanic corrosion was stabilized
within 24 h.

As the concentration of the solution increased, the steady-state galvanic corrosion voltage
gradually increased. In a highly concentrated corrosive environment, the initial galvanic corrosion was
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severe, resulting in a high corrosion current, but the stable corrosion current was independent of the
solution concentration. The stable galvanic corrosion current in the solution of 1200 ppm B+2 ppm Li
was the highest.

Taking the 1200 ppm B+2 ppm Li solution as an example, the increase of the anodic area
increased the galvanic voltage in the steady-state, but the galvanic current did not increase accordingly.
The stable current was similar when the area ratio was 1:1 or 1:2, and both were greater than that with
the area ratio of 1:10. The current at the beginning of the reaction when the area ratio was 1:10 was
smaller than in the other cases, which meant that an excessive anodic area suppressed the occurrence of
galvanic corrosion. The initial current and steady current with the area ratio of 1:2 were the highest in
all cases, and the current stayed at a high value during the first 18 h of the initial reaction, indicating that
certain increases in the anodic area promoted galvanic corrosion.
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Figure 6. a) Galvanic voltages and b) galvanic currents of the galvanic couples with different area ratios
in a 1200 ppm B+2 ppm Li solution for 156 h at 25 °C
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Figure 7. a) Galvanic voltages and b) galvanic currents of the galvanic couples with different area ratios
in a 2400 ppm B+4 ppm Li solution for 156 h at 25 °C
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Figure 8. a) Galvanic voltages and b) galvanic currents of the galvanic couples with different area ratios
in a 6000 ppm B+10 ppm Li solution for 156 h at 25 °C

Compared with other area ratios, the stable galvanic corrosion current was lowest with the 1:10
area ratio in any solution. At this area ratio, the cathode area was too small, and a large number of
electrons from the anode could not accumulate on the cathode surface, thereby increasing the galvanic
corrosion reaction resistance. The increase in the resistance of the solution also affected the galvanic
current, and the galvanic current value was close to 0 in a highly concentrated boric acid solution.

3.5. Weight loss results
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Figure 9. Corrosion rate of A508-111 in solutions with different concentrations of boric acid and lithium
ion under different temperatures in the a) galvanic corrosion environment and b) single corrosion
environment
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The corrosion rates of A508-111 after 7 days of galvanic corrosion and single corrosion in
solutions with different concentrations under different temperatures are shown in Fig. 9a and Fig. 9b,
respectively. In both environments, as the concentration of the solution increased, the corrosion rate had
the same increasing trend. Compared with the single corrosion results, the corrosion rate of A508-I11
was significantly increased after the formation of galvanic couples at the same temperature, which was
due to A508-111 acting as the anode, which accelerated corrosion during the galvanic corrosion process.
A solution with low concentration made the galvanic corrosion acceleration effect more obvious. The
influence of temperature on the galvanic corrosion rate was small. Only in the 6000 ppm B+4 ppm Li
solution colud the increase in temperature properly accelerate the corrosion degree of A508-I11. In fact,
the influence of temperature on the galvanic corrosion rate was complicated. The corrosion process of
A508-111 in a boric acid solution mainly depended on the physical and chemical changes of the H-B-O
system with temperature. In a boric acid solution, boric acid reacted with H,O to form [B(OH)4]", which
was unstable at high temperatures; thus, the corrosion process depended on the temperature and the
boron ion state. For low temperatures, the corrosion process of A508-111 was the heat activation process,
and the corrosion rate increased with increasing temperature, but when the temperature reached a high
value, the corrosion rate might be determined by the content of H3O* ions in the solution[30-33].

3.6. Morphology of the surface

Fig. 10 shows the SEM images of A508-11l and 304L after galvanic corrosion for 156 h at 25
°C in different concentrations of solution. It can be seen from Fig.10a~ Fig.10d that after galvanic
corrosion, the surface of A508-111 was loose and porous, and the material distribution was uneven. As
the concentration of corrosive solution increased, the amount of surface corrosion products increased.

The corrosion surface formed in the 6000 ppm B+10 ppm Li solution changed from a particle
distribution to a bundle distribution. It can be seen from Fig. 10e~Fig. 10h, most of the corrosion
products of A508-111 were clusters of polyhedral structures, and an increase in the concentration of the
solution made the diameter and volume of the oxide particles increase. In contrast, the surface of 304L
was uniform and dense, and the oxidation products were mostly cubic structures of different sizes.

The product formed on the A508-111 surface under this condition was subjected to EDS analysis,
and the results are shown in Table 6. As the concentration of the solution increased, the content of oxygen
in the surface corrosion product increased, and the content of iron decreased, indicating that the
composition of the corrosion product changed. At this time, the corrosion degree of A508-111 carbon
steel was also high.
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Figure 10. SEM images of A508-111 and 304L after galvanic corrosion for 156 h at 25 °C with different
concentrations of boric acid and lithium ion solutions: a) A508-111, H2O, x1.00k; b) A508-IlI,
1200 ppm B+2 ppm Li, x1.00k; c) A508-I111, 2400 ppm B+4 ppm Li, x1.00k; d) A508-I11, 6000
ppm B+10 ppm Li, x1.00k; e) A508-11l, H.O, x50.0k; f) A508-11l, 1200 ppm B+2 ppm Li,
x50.0k; g) A508-I11, 2400 ppm B+4ppm Li, x50.0k; h) A508-11l, 6000 ppmB+10 ppm Li,
x50.0k; 1) 304L, 1200 ppm B+2 ppm Li, x1.00k; and j) 304L, 1200 ppm B+2 ppm Li, x50.0k
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Table 6. EDS results of the products formed on A508-111 after galvanic corrosion for 156 h at 25 °C

Atomic percentage (at. %)

Group
O Mn Fe
H20 55.72 0.005 43.82
1200 ppm B+2 ppm Li 57.61 0 42.39
2400 ppm B+4ppm Li 58.46 0 41.54
6000 ppm B+10ppm Li 68.31 0 31.69

4. DISCUSSION

The open circuit potential (OCP) difference between A508-111 and 304L was greater than 250
mV in all cases, and the OCP values of the two materials increased with increasing solution
concentration, which provided the fundamental possibility for the occurrence of galvanic corrosion. The
results of the polarization curves showed that A508-111 had no stable passivation zone in all solutions,
and an anodic polarization phenomenon was detected in 304L in the boric acid solution. As the solution
concentration increased, the passivation current density increased slightly. Moreover, it could be
concluded from the results of the AC impedance analysis that two semicircular capacitive arcs were
involved in A508-111 and only one semicircular capacitive arc was detected in 304L in the boric acid
solution, and the transfer resistance of A508-111 was much smaller than that of 304L in solutions with
the same concentration. During the corrosion process, a passivation film was formed on the surface of
304L to reduce the corrosion rate and prevent corrosion. According to previous studies[34-37], this
passivation film had a double-layer film structure, which was consistent with the electrical equivalent
circuit diagram in the AC impedance analysis, and when it was used as the cathode of a galvanic pair,
the formation of passivation film would be accelerated. While the surface of A508-111 did not form a
stable and dense passivation film during galvanic corrosion, but continuously accumulated different
corrosion products and accelerated corrosion. The corrosion resistance of the two metals decreased as
the concentration of the solution increased, which was due to the increase in the concentration of boric
acid and lithium ions decreased the pH of solutions[38]. The results of the weight loss experiments
showed that the corrosion rate of A508-111 in the case of galvanic corrosion was much higher than that
of single corrosion in the same solution. The combined analysis of these results confirmed the occurrence
of galvanic corrosion between A508-111 and 304L.

The galvanic corrosion processes with A508-111 and 304L in boric acid solution are shown in
Fig. 11. The A508-111 anode in the couple was dissolved, and the reacted metal entered the boric acid
solution as ions or hydrated ions and generated excess electrons on the metal surface; when the electrons
reached the 304L cathode, they were absorbed by the reducing substance in the surface solution and
underwent reduction reactions. The ions in the solution moved towards the oppositely charged region,
that is, the cation moved towards the cathodic region, and the anion moved towards the anodic region,
thereby forming a current loop[39-42]. The free B** in the solution combined with the OH" precipitated
from the cathode to form [B(OH)4]", which increased the conductivity of the solution and accelerated the
galvanic corrosion process. At this time, A508-III as the anode had a continuously increasing rate of
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corrosion and formed corrosion products on the surface; in contrast, 304L as the cathode formed a dense
passivation film on the surface, which slowed down the corrosion process. Increasing the corrosive
solution concentration could accelerate the galvanic corrosion process, and the SEM and EDS results
illustrated that the increase in concentration made the diameter and volume of the oxide particles on the
surface of A508-111 (as the anode) larger and exacerbated particle aggregation. The composition of the
corrosion product also changed. These corrosion products and corrosion defects generated during
galvanic corrosion could cause A508-111 to perforate, fracture and cause safety accidents during service.
While the surface of 304L still showed a flat and dense morphology after galvanic corrosion, and the
presence of spinel substances could be observed on the passivation film. These substances had been
proven in previous studies to effectively improve the corrosion resistance of materials, because they
could be closely aligned and prevent the entry of oxygen[43-46].

. Passivation
SR
N \: |- film

Corrosion
products

- .

Boric acid solution
Anode Cathode
AS508-I11 304L
Figure 10. Schematic diagram of galvanic corrosion with A508-111 and 304L coupled in boric acid
solution

In the results of the area ratio influence on the degree of galvanic corrosion, it can be found that
the increase in the anodic area could more quickly stabilize galvanic corrosion. Compared with previous
research results[18, 19, 22, 24, 47], the area ratio of the cathode (304L) and anode (A508-111) was not a
linear, positive correlation with the galvanic corrosion degree in boric acid solution, and an excessive
anodic area inhibited galvanic corrosion. The galvanic voltage of the couple increased as the anodic area
increased, but the galvanic current did not increase accordingly. This situation could be explained as
follows. On the one hand, during hydrogen depolarization, the galvanic current density was controlled
by the cathode current. A relatively small area of 304L increased the cathode current density. At this
time, the hydrogen overvoltage of 304L increased, and the speed of hydrogen depolarization decreased,
which slowed the dissolution of the A508-111 anode. On the other hand, in the process of oxygen
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depolarization, the galvanic corrosion current density was controlled by the diffusion of oxygen, and the
relative decrease in the area of 304L reduced the oxygen content on the 304L surface, making it more
difficult to carry out reduction reactions and reducing the galvanic current density[48-51]. In addition,
the conductivity (resistance) in the solution under different area ratio conditions varied greatly, so the
galvanic current did not increase in equal proportion. These results indicated that the principle governing
the effect of the area ratio on the degree of galvanic corrosion was complicated. The area ratio, the ability
to gain and to lose electrons and ions, and the conductivity of the corrosive solution synergistically
affected galvanic corrosion, and the specific impacts of each need to be further explored.

In consideration of the fact that the nuclear power plant used A508-111 as the outer layer material
and 304L as the inner layer material, and the accident of boric acid leakage often occurred in nuclear
power plants[52-54]. When boric acid leakage or other accidents occurred, these two metals would
inevitably form a galvanic pair and cause galvanic corrosion. At this time, A508-111 as the anode metal
might cause pitting or even cracking in a short time, causing more serious safety accidents. This situation
had not been studied before, but it was a huge hidden danger. Excessive increase in the area of A508-111
could suppress galvanic corrosion but might not be applicable to actual operating conditions. Therefore,
further research on mitigating galvanic corrosion in this situation was needed based on other galvanic
geometric and environmental factors.

5. CONCLUSIONS

A508-111 was more susceptible to corrosion in different concentrations of boric acid solution than
304L at room temperature. There was no passivation phenomenon in the corrosion process of A508-I111,
and two semicircular arcs were formed in the impedance spectrum. The corrosion of 304L in boric acid
solution had an obvious passivation zone, and the impedance spectrum contained one semicircular arc.
As the concentration of the solution increased, the two materials had high corrosion sensitivity. In the
galvanic couples of A508-111 and 304L, when compared to a single corrosion environment, A508-111 as
the anode demonstrated accelerated corrosion. In addition, when the anodic area (A508-111) was large,
the galvanic system tended to become stable more quickly; moreover, the excessive anodic area slowed
down the galvanic corrosion current. The increase in concentration of the boric acid solution exacerbated
the galvanic corrosion degree of A508-111. The distribution of corrosion products on the surface of A508-
I at high temperature was related to changes in elemental content, and the process of A508-111 and
304L galvanic corrosion in boric acid solution was described according to the above analyses.
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