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Abstract: In order to investigate the passivation process of steel bars embedded in fly ash (FA)
cement paste, five FA dosages (0, 10%, 20%, 30% and 40%) were taken into consideration.

The cement paste-cylindrical steel bar specimens were prepared. Open-circuit potential and
electrochemical impedance spectroscopy methods were applied to monitor the formation of the
passivation film on the steel bar during the cement hydration process. The impedance spectra of
cement paste-steel bar specimens with different FA dosages were obtained during the cement
hydration process. Based on the equivalent circuit model R(Q(R(QR) ) ), the electrochemical
parameters such as the resistance of the passivation film, the charge transfer resistance, and the
apparent interface capacitance of the specimens were recorded. The results indicate that the
passivation film is formed on the steel bars embedded in the FA cement pastes within seven days.

The R(Q(R(QR) ) ) equivalent circuit model can effectively fit the electrochemical impedance
spectral curves of the FA cement paste-steel bar specimens. The chi-square test results are less
than 10~*. FA delays the passivation of the steel bars embedded in the cement paste. When 20%
FA is added, the passivation film of steel bars embedded in the cement paste is more stable, and it
has a better protective effect on the steel bars.

Key words: fly ash; cement paste; passivation of steel bar; electrochemical impedance
spectroscopy; equivalent circuit model
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Fig. 1 Dimensional and morphological characteristics
of cement and FA
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Table 1 Chemical composition of cement and FA(mass fraction) %
R CaO Sio, ALO, MgO Fe,O, SO, K,0 Na,O HoA
7K 59.30 21.91 6.27 1. 64 3.78 2.41 — — 4.69
FA 4.78 49. 89 34. 81 1.28 2.17 1.10 2.97 1.25 1.75

1.2 iXHH&E
1.2.1 BEERKes

IR KB LA 0.4, 2R FH FA %5 5 it B0k e
5 5 B FA KR K , 7% 18 5 R FA Ji i 43450,

10%,20%,30%,40% ) , X i i 745124 : OPC |
FAC10 .FAC20 .FAC30 .FACA40. 3% IR (K JeAr i B
K & L BE 25 B[R] 2 R R 50 U7 ) (GB/T
1346—2001) , ¥4l FA/ZK e .
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Fig.2 Specimen preparation process
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Table 2 pH of FA cement paste
i FAC FAC FAC FAC
FA OPC
G 10 20 30 40
pHfHE 10.13 13.11 13.06 13.04 13.01 12.99

T FA AT RS .
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Fig. 4 Open-circuit potential of specimens
during cement hydration process
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Fig.5 Phase angle plots of specimens during cement hydration process
(a)—1d; (b)—7d; (c)—14d; (d)—28 d.
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Fig. 6 Phase angle peak of specimens during cement hydration process
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Fig. 7 Impedance modulus of specimens during
cement hydration process
(a)—1d; (b)—7d; (c)—|Z/{H.
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Fig. 8 Nyquist curves of specimens during cement hydration process
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Fig.9 SEM micromorphology of FA cement paste

3 HAkESE

3.1 EXAEBEANHE
FATKIEHK NIRRT, 0 T #a7n FA B &
XiF K YRS A TR AW A3l Bl A 1o e A2 e R, e

T A ARH R Y R Y 5 A T
W PR N A S R U 2 R A Ak 2 R A
], 7K e SE A4 B} EIS B 45 200 H = — N RE5R i L
R, SRR (R) A (C) & A
JUAH H3 B el B ZH A . AR SR A Liu 88203 H
() S5 250 % R (Q(R(QR) ) ) BEAY i A 7 HU A 43 #T
T 10 Jr75s . 2% S 2 4K 1177 % 10 R HDR 2 sl 344
P 8 B A AR AR T B O 2 R AR RS AT Oy, B
Bode ] i AR F /T 90°, Ktk , F & AH #A oG
4 (constant phase element, CPE ) {1t #5 J5t B, % 77 1Y)
S HLZE CPV R AIK I N FL B A W FLBH 5 R R
Bl AR LB 5 R, Ry B 5 RN EG AR IR 22 ] 1) iy 5
HLBH 5 Copp TR BEAMIE HL 2 5 Copp AR AL
JiEE 5L T RUHE )22 L4 L H AH A T /4 CPE 9 BH T
(Zepe) W0=C (D) R

Zee=Y, " -(jo) ™. (1)
A Y, AR T 0 AR N A
n REMATEE(0sn<1) , Z B R EHBEE 2L
BLR MR Z A F R EE R EZ W, 2
10,1, -1, CPE 735 HIBHL R HLZF CRITHLEE L.

"N

R,

E10 SarREs
Fig. 10 Equivalent circuit model
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Nyquist plots of simulated data by equivalent circuit and measured data

(a)—1d; (b)—7d.
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Table 3 Chi-square results by equivalent circuit simulation

¥ 31/d OPC FACI10 FAC20 FAC30 FACA40
1 3.59%x10° 9.80x107 6.80x10™* 1.00x10™* 1. 74x10™*
7 2.34x10™ 7.41x107 6.72x10™* 2.18x10™* 5.78x10™*
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Fig. 12 R, of specimens during cement
hydration process
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Fig. 13 Dielectric constant of specimens during
cement hydration process
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Fig. 15 R, of specimens during cement hydration

process
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Table 4 Parameter values of equivalent circuit
simulation
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Fig. 16  C,,, of specimens during cement hydration
process
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