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of carbon steel/copper alloy. The potential distribution, current density distribution and EIS evolution of the WBE in NaCl
solution with and without BTA were studied by the wire beam electrode (WBE) and electrochemical impedance spectroscopy
(EIS) techniques. Meanwhile, the EIS characteristics of the carbon steel area and the copper alloy area were compared and
analyzed. After immersion for 72 h under the condition without BTA, the anodic current area on the carbon steel surface
accounted for 80%, and the range of current density distribution was narrow. After immersion for 72 h under the condition with
BTA, the proportion of anode area on the surface of carbon steel was 86%, and the range of current density distribution was
significantly enlarged. The impedance value of the copper alloy under the condition with corrosion inhibitor was greater than
that of the copper alloy under the condition without corrosion inhibitor. However, the impedance value of carbon steel in the
solution with and without BTA was relatively small. When copper alloy and carbon steel are electrically coupled in NaCl
solution, the electrochemical inhomogeneity of carbon steel is increased due to corrosion inhibition effect of BTA. In the
galvanic corrosion process of carbon steel/copper alloy, BTA only plays a good corrosion inhibition effect on the copper alloy,
and the corrosion inhibition effect of BTA on carbon steel is not obvious. Compared with the carbon steel/copper alloy couple,
when the copper alloy is individually immersed in a solution containing BTA, the Cu-BTA molecular film formed on the surface
is more stable and the corrosion inhibition effect is better. With the extension of the immersion time, the electrode reaction rates

of the WBE in the NaCl solution added with BTA are gradually increased, while the changes of the electrode reaction rates of
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the WBE under the conditions without BTA are exactly the opposite.
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Tab.1 Components of Q235 carbon steel and B10 copper alloy
wt.%
Compositions C Si Mn P S Zn Ni Fe Cu
Q235 carbon steel 0.18 0.30 0.32 0.04 0.30 — — Balance —
B10 copper alloy — <0.15 0.74 <0.02 0.0013 <0.3 9.76 1.20 Balance
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Tab.2 Electrochemical parametersfitted from EISresults of single metal in different solution systems

Metal Time/h  R(Q-cem?)  Qy(F-cm™) n R./(Qcm?) Qu/(F-em™) n, W
2 556 4.09x1072 0.58 1508 5.47x1073 0.63 —
Carbon steel 3 3 o
(without BTA) 24 531 3.68x10 0.60 1353 3.68x10 0.65
72 535 3.80x1073 0.64 858 4.95x107° 0.63 —
2 46.53 1.73x107° 0.97 7725 1.38x107* 0.52 —
Copper alloy 4 4 .
(without BTA) 24 1567 1.38%10 0.83 9929 8.05%10 0.85
72 2614 1.23x107° 0.82 9423 9.87x107 0.85 9.38x107
2 9.48 3.02x1073 0.56 1689 3.03x107 0.57 —
Carbon steel 3 4 -
(with BTA) 24 8.75 1.76x10 0.53 1412 2.99x10 0.79
72 434 1.30x1073 0.72 1200 2.26x107* 0.61 —
2 4535 2.55%107° 0.74 14 060 1.71x107* 0.44 —
Copper alloy 4 6 -
(with BTA) 24 2205 2.32x10 0.89 229 500 1.64x10 0.47
72 6564 1.39x10°¢ 0.90 127 400 9.58x10°° 0.55 4.23%x107°
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Fig.8 Molecular structures of BTA and passivation film on
copper alloy surface
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Fig.9 EIS response of carbon steel/copper alloy couple in NaCl solution without BTA:
a) Nyquist plot of carbon steel; b) Nyquist plot of copper alloy
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Tab.3 Electrochemical parametersfitted from EISresults of carbon steel/copper alloy couple
Metal Time/h RI(Q-em?)  Qy(F-em™) n R./(Q-cm?)  Qu/(F-cm™) n, w
2 991 1.40x107° 0.69 229 1.05x107 0.80 —
Carbon steel 4 3 .
(without BTA) 24 661 6.23x10 0.74 717 1.36x10 0.35
72 702 5.30x107* 0.78 952 1.31x10°° 0.53 —
2 597 5.05x107 0.72 643 1.83x1072 0.85 —
Copper alloy 3 3 o
(without BTA) 24 307 2.62x10 0.65 1825 2.94x10 0.65
72 201 2.10x107° 0.66 2412 1.13x107* 0.51 —
2 3.38 3.73x10°7° 0.99 735 6.74x107* 0.62 —
Carbon steel 5 4 .
(with BTA) 24 3.14 2.59x10 1 714 4.42x10 0.65
72 10 8.99x107° 0.88 465 4.62x107* 0.74
2 205 5.23x107° 0.87 7147 3.06x107 0.48 —
Copper alloy 4 6 o
(with BTA) 24 287 3.87x10 0.62 3222 8.56x10 0.95
72 204 1.14x107* 0.75 3891 2.81x107* 0.45 —
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