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An Experimental Study of the Corrosion Behavior Evaluation of Rebar in Concrete
by Using Electrochemical Impedance Spectroscopy (EIS) Method

Jang-Hyun Park', Han-Seung Lee™™

Abstract: The corrosion behavior of a rebar in concrete according to the amount of NaCl and LiNO, was observed by using Electrochemical Impedance
Spectroscopy. The corrosion was accelerated in a short time by using dry/wet cycles method, which is one of the corrosion acceleration methods, and
though the value of measured impedance, equivalent circuit can be introduced. It was confirmed that the passive film of a embedded rebar in concrete
with NaCl was broken quickly, and when 0.6M LiNO, was added, the velocity of ongoing corrosion was declined considerably compared to the amount
of NaCl. However, when 1.2M LiNO, was added, it was confirmed that the passive film was not broken and its performance remained ,compared to
the amount of NaCl.
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Fig. 1 Electrochemical equivalent circuit and Nyquist plot
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Table 1 Chemical composition of Cement

Chemical composition (%)

- LOI
SlOz A1203 F6203 CaO MgO S03

19.29 5.16 2.87 61.68 4.17 2.53 2.49

Table 2 Mix proportion of concrete

Unit weight : kg/m’
w/C ght : ke/

W C G S S.P

50% 172 344 941 711 1.03

Table 3 Amount of NaCl and LiNO,

. LiNO,

No Specimen NaCl - —
. Name (kg/m3) Molar ratio Add1t1c3)n
NO,/C)  (kgm’)

1 Normal 0.0 0.0 0.0

2 Cl12 0.0 0.0

3 C12-N6 1.2 0.6 43

4 CI12-N12 1.2 8.6
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Fig. 3 Cycle of Corrosion acceleration
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Fig. 4 Schematic diagram of EIS Experiment

Table 4 Experimental overview of EIS experiment

Frequency range 10°~107""Hz
Specimen Size ?100x200 mm?
Cover concrete 44 mm
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Fig. 5 Variation of OCP with corrosion acceleration cycle
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Fig. 6 Equivalent Circuit and Nyquist plot of rebar in concrete
(corrosion)
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Fig. 7 Nyquist plot of rebar in Normal concrete for cycle 0~5
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Fig. 8 Nyquist plot of rebar in C12 concrete for cycle 0~5
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Fig. 9 Nyquist plot of rebar in C12-N6 concrete for cycle 0~5
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Fig. 10 Nyquist plot of rebar in C12-N12 concrete for cycle 0~5
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Fig. 12 Equivalent circuit of rebar in C12 concrete with corrosion
acceleration 4cycle
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Fig. 14 Equivalent circuit of rebar in C12-N12 concrete with corrosion
acceleration 4cycle
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Fig. 15 Bode Modulus plot of rebar in C12 concrete for Cycle 0~5
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Fig. 16 Bode Modulus plot of rebar in C12-N12 concrete for Cycle 0~5

2 AlsHn,

Bode Modulus plotol] A 9] &2 72+ FA) A T34
Hol| A 2] Yue 28} TFag FHol|A Y Y|P s
T Atk 7 GYolA o YA ZE AF &S
5 53t A de] Agom FRE 4 9lom, AFulS
Aolx= 2 G4 o)Fol B HRE Tl 2 &
SAFOZ FEE 5 T Walter, 1986).

o]21g JHE ulel O 2 Fig. 173 2] Bode Modulus plot
< o] &3t HZo| EFAF R0 ZAYE W EAY 2 A
N EA Y RE A 72 = AT

Fig. 18- F27}&A 17 o -2 B A @A o i e d
o E5A43 RO WsHE e Zlolt). dNtE A ESt 4
& 1.2kgm & F7FE 23 E, 938HE 1.2 kg/m’ #HLINO,
0.6M<= H7e A2 Eof vy d E2 E5A4F RS #F
o] A7V 277174 A] et} 357 o| 7 E A
& I = AT ol= H3lEo] FT7HF-l dEgie]
ZAEo]| vy H H o] B-F8 yjuto] RATKE3FTHEH
93 =]7) A&EHE Aoz st HA R d8kE 1.2 kg/m’

ZQ)

Frequency (Hz)

Fig. 17 Diagram of Impedance and resistance in Bode modulus plot
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