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Fig. 1 Schematic illustrations for (A) a single-wire-electrode AC probe, (B) a conventional 3-electrode electrolyte cell using the

same single-wire-electrode as the working electrode and (C) a wire electrode couple
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Fig. 2 (A) Simplified equivalent circuit of the single-wire-electrode AC probe and (B) theoretical EIS spectrum of the probe
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Fig. 3 Carbon steel single wire immersed in 3.5wt.% NaCl for 0 day, 2 days, 3 days, 8 days and 13 days: (A) EIS spectrum evolution
of single-wire-electrode AC probe and (B) corrosion morphologies of the wire.
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cal parameters, (B) quantitative analysis corrosion results and (C) EIS spectra by conventional 3-electrode measurement
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Fig. 10 Zinc wire-carbon steel wire galvanic couple immersed in 3.5wt.% NaCl for 0 day, 2 days, 5 days, 8 days and 13 days:
(A) the estimated electrochemical parameters and (B) quantitative analysis corrosion results of anode zinc wire, (C) the
estimated electrochemical parameters and (D) quantitative analysis corrosion results of cathode carbon steel wire.
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Fig. 11 Corrosion morphologies of anode zinc wire and zinc wire-carbon steel wire galvanic couple immersed in 3.5wt.% NaCl:
(A) 0 day, (B) 2 days, (C) 5 days and (D) 13 days
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Fig. 12 Corrosion morphologies of cathode carbon steel wire and zinc wire-carbon steel wire galvanic couple immersed in 3.5wt.%
NaCl: (A) 0 day, (B) 2 days, (C) 5 days and (D) 13 days
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Fig. 13 Galvanic couple of zinc wire-carbon steel wire im-
mersed in 3.5wt.% NaCl: the instantaneous protec-
tion efficiency of cathode carbon steel wire, ignm/icom
(carbon steel wire), and the anode zinc wire protec-
tion efficiency, [1-|lm/Lan(carbon steel wire)|], as a
function of immersion time (i.-instantaneous cor-
rosion rate of the anode or cathode electrode in the
period when the galvanic couple of zinc wire-car-
bon steel wire was disconnected and the AC
impedance was measured., I,-accumulated aver-

age corrosion rate of the anode or cathode electrode
from the being of immersion until the measure-
ment, ixm-instantaneous corrosion rate of wire elec-
trode without galvanic connection, I.,,-accumulat-
ed average corrosion rate of wire electrode without
galvanic connection)
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Electrochemical Response of A Single Wire-Electrode AC Probe in
3.5wt.% NaCl

ZOU Zhen-wen', ZHENG Da-jiang', WANG Zi-ming', SONG Guang-ling***

(1. Center for Marine Materials Corrosion and Protection, College of Materials, Xiamen University,
Xiamen 361005, Fujian, China; 2. State Key Laboratory of Physical Chemistry of Solid Surfaces, Xiamen
Unwersity, Xiamen 361005, Fujian, China; 3. School of Mechanical and Mining Engineering,

The University of Queensland, Brisbane, Queensland 4072, Australia)

Abstract: In this paper, a recently developed single wire-electrode AC probe technology which does not need a reference or
counter electrode was employed to investigate the electrochemical corrosion and sacrificial anode protection behaviors of steel and
zinc in 3.5wt.% NaCl. With this simple, fast, reliable and stable probe, the instantaneous corrosion rate and accumulated corrosion
loss of carbon steel in 3.5wt.% NaCl were measured, and the results revealed that both were greater than those of zinc. Furthermore,
the observed different corrosion behaviors between carbon steel and zinc during the immersion could be caused by their different
surface films. With the galvanic couple of carbon steel-zinc, the protection efficiency offered by the anode zinc was found to be
above 95%, and it increased initially and then decreased with immersion time.

Key words: single-wire electrode; AC probe technology; impedance spectrum; galvanic couple; corrosion
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