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Effect of Total Resistance of Electrochemical Cell on Electrochemical Impedance of
Reinforced Concrete Using a Three-Electrode System

Md. Al-Masrur Khan', Je-Kyoung Kim?, Jurng-Jae Yee®, Seong-Hoon Kee'*

Abstract: This study aims to investigate the effect of total electrochemical cell resistance (TECR) on electrochemical impedance (EI) measurements

of reinforced concrete (RC) by electrochemical impedance spectroscopy (EIS) using a three-electrode system. A series of experimental study is performed

to measure electrochemical behavior of a steel bar embedded in a concrete cube specimen, with a side length of 200 mm, in various experimental

conditions. Main variables include concrete dry conditions, coupling resistance between sensing electrodes and concrete surface, and area of the counter

electrode. It is demonstrated that EI values remains stable when the compliant voltage of a measuring device is sufficiently great compared to the potential

drop caused by TECR of concrete specimens. It is confirmed that the effect of the coupling resistance of TECR is far more influential than other two

factors (concrete dry conditions and area of the counter electrode). The results in this study can be used as a fundamental basis for development of a

surface-mount sensor for corrosion monitoring of reinforced concrete structures exposed to wet-and-dry cycles under marine environment.
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Fig. 1 Illustration of working principle of potentiostat using the three
electrode system: (a) a basic block diagram of potentiostat and (b)
illustration of cell resistance in an electrochemical cell
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Table 1 Summary of concrete mixing proportion

Unit mass (kg/m’
Ww/C (kg/m’) A*[%]
W C S G
0.35 166 480 720 993 4.32

Note W-water, C-Type 1 Portland cement, S-sand, G-Gravel,
A-chemical admixture, * by cement weight.

100 mm
35 mm

PVC pipe
B85 mm

70 mm 200 mm

rebar I

65 mm

200 mm

Fig. 2 Illustration of a concrete specimen
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Fig. 3 Test setups for EIS measurements of the reinforced concrete
specimen in different testing conditions: (a) Type 1 and (b) Type 2
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Table 2 Summary of the experimental program in this study
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Fig. 4 Various dry conditions of the reinforced concrete specimens in
this study: (a) uniformly air-dry condition, (b) partially wet condition,
(c) uniformly wet condition, and (d) surface air-dry condition

Experimental variable

Test No. . Electrical coupling conditions EIS test setup ER
Concrete dry conditions Area of CE measurements
CE RE
1 Dry Dry
2 Dry Wet 1.64,,
3 . . . Wet Wet
Uniformly air dry condition Type 2 X
4 Dry Dry
5 Dry Wet 104,
6 Wet Wet
7 0 mm
8 Partially wetting 10 mm
9 conditions with different 50 mm Wet Wet 1.64,, Type 2 X
10 height of water, /,qer 80 mm
11 200 mm
12 15 hr
13 30 hr
14 Wet conditions with S0 hr
15 various immersing time, 70 hr Wet Wet 1.64,, Type 1 (0]
16 buater 120 hr
17 170 hr
18 290 hr
19 0 hr
20 S}lrface .air-dry conditi9ns 24 hr
with various exposure time Wet Wet 1.64,, Type 2 o
21 {0 ai 48 hr
0 alr> tair
22 100 hr
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Fig. 6 Reference test results from the concrete specimen immersed in
3% NaCl solution (Test No. 0 in Table 1): (a) Bode plot, and (b)
measured voltage between CE and WE in the electrochemical cell in
the EIS measurement
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CPEq
Test R. R )
No.  [kQem?] Ca O [kQem?]  [kQem]
[UWF/em™]

1 - - - -

2 - - - -

3 10" 51.6 0.709 53.5

4 - - - -

5 - - - -

6 10" 49.5 0.698 38.5

7 10" 51.6 0.709 53.5

8 10" 50.8 0.708 47.6 14.9
9 10" 49.8 0.701 40.2 10.4
10 10" 48.6 0.706 38.2 7.8
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Fig. 7 Test results from the concrete specimen in the various saturation
conditions: (a) Bode plots, and (b)measured voltage between CE and
WE in the electrochemical cell in the EIS measurement
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