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Abstract

ABSTRACT

The corrosion of reinforcing steel is the main reason for the premature
degradation of reinforced concrete structures, which has been a grave problem that
urgently needs to be resolved in field of corrosion science in modern society. Whether
or not the reinforcing steel in concrete maintains its passivity depends on the stability
of the passive film. Carbonation of concrete and chloride ions ingress are the two
main reasons which lead to the depassivation and corrosion of reinforcing steel. So far,
many investigations have been carried out to explore the properties of the passive film
on reinforcing steel. However, there are still a lot of problems that have not been
solved in steel corrosion research.

In this work, many research methods including electrochemical measurements
and surface analysis techniques were used to study the corrosion behavior of
reinforcing steel in simulated concrete pore solutions, explore the correlation between
semiconductor properties and corrosion resistance for the passive film, and prove the
effect of the composite inhibitor comprised of sodium nitrite and D-sodium gluconate
on the semiconductor properties of the passive film formed on reinforcing steel in
simulated concrete pore solutions and its inhibition effect, which is of great value in
the understanding of corrosion and protection of reinforcing steel.

(1) Electrochemical impedance spectroscopy and Mott-Schottky plots were
used to study the effect of passive potentials and chloride ions on the passivation of
reinforcing steel in the simulated concrete pore solutions . The results indicated that
the compact passive films were formed on the reinforcing steel surface at different
passive potentials from -0.200V to 0.200V vs SCE for 4800s and behaved as n-type
semiconductor, the superficial donor densities decreased while the deep donor
densities increased with the potential increasing, and the charge transfer resistance of
the film reached the highest value at the passive potential 0.200V. Immersed in the
simulated concrete pore solution with CI” concentration 0.08 mol-L™ and pH12.50 for
24h, the passive film still behaved as n-type semiconductor and the donor densities
did not increase.

(2) Correlation of semiconductor properties and corrosion resistance for the

passive films formed on reinforcing steel in simulated concrete pore solutions with the
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Abstract

composite inhibitor comprised of sodium nitrite and D-sodium gluconate was
primarily proved up. The results showed that the composite inhibitor had good effects
on the corrosion resistance of reinforcing steel in simulated concrete pore solutions
with chloride ions. The Mott-Schottky plots indicated the passive film on reinforcing
steel in the solutions with nitrite sodium behaved as n-type semiconductor and
exhibited a certain donor density, while the addition of D-sodium gluconate to the
solution the donor densities of the passive film increased.

(3) The inhibitive effect and adsorption behavior of D-sodium gluconate for the
reinforcing steel immersed in the simulated concrete pore solution with 0.1
mol-L'NaCl were investigated by AES, XPS, SEM, UV-vis and so on. The results
indicated that D-sodium gluconate with a lower concentration had obvious inhibiting
effects on the reinforcing steel by forming a protective soluble complex, and the
depassivation of reinforcing steel occurred due to the soluble complex dissolution

when D-sodium gluconate concentrations reached 0.1 mol-L™,

Key Words: Passive Film on Reinforcing Steel; Corrosion Inhibitors for Reinforcing

Steel; Electrochemical Techniques.

111



H X
B STAREE v I
E 2 Il
I BE L 3 1
1.1 SR A ARAS B SARFPHEIR oo 1
12 Bt RS R LR BB AR oo 2
1.2.1 JREE T A AN IEIAL covovoeerereeeiese s 2
1.2.2 AU IRUEE L vvvveresssssssnss s 3
1.2.3 AR I ZEAIAY, coverereree s 3
1.3 SRERSEL R R LT THERR oo 5
1.3.1 BUARIRIR S AR 2L G R P (R I oo 5
1.3.2 AB B LTI oo 6
14 BhFIREERBRL P A RIP B EBIBL oo 8
LA AAIBELE FUIEI 32 v s 8
1.4.2 SEAFIE LB IR AIF ST TV oo 9
1.4.3 HUAHZE AT TCIEIR ovvvvrsssvmrmsssss s 11
1.5 AT BIFI S HBYFIIEAE oo 13
a0 15
SEZE O KRITTIE s 24
2.0 BBALEERIIR - ovvvvesss 24
211 FALEZBHFTIAIE - veeererinie e 24
2.1.2 B FATREAG L oovvvesss i 27
2.2 MOtt-SChOLEKY T e ereeeeereeeees 27

220 - BRI IIHLTART oo 28



2.2.2 AR A AT ERIBEAT S I oo, 28
2.2.3 2L BRI MOt-SChOtKY 235 vvvvvvererrsssssissinnvereessssssssnne 30
2.3 FAREBFEMIE oo 32
DA X BT HELTBETE vvvereresss s 33
241 JEUTHL coevvees 33
D42 FEBE AN vevvereeesesessses e 34
D83 FEREAFHT oot 35
2.5 SESN AT TLIRUBIIEIE - ooovvrererereesessisensesseseesss s s 36
25,1 JEUTHLcoerveers 36
25,2 VRIS B IS +oveeeeesseremsessnsesesnsessssseas i 36
253 BEAMIEHEF T Y AL A v s 37
2.6 BOTBYETEI S IEIR o vrvvrreeerrssreesssereess st sss e s 37
"4 R RN R NN R SRR AR 17 RN R RN RN 39

E=E RIS TR AR B L F R R0

----------------------------------------------------------------------------------------------------------------- 41
Bl B e 41
8.2 BT B oo e 4
321 AR F R LU ovvvrrereeriess e 42
3.2.2 AT HIAT RIS oveerrserss 42
3.2.3 FHAL IR« vvevreeeeeeeieiee et 43
B33 HERETHE v 43
331 ANATHAL HIZE oo 43
3.3.2 AN [ LA HLAE T BB FEAL SR PE o 44
3.3.3 Ttk 5 SR T B R SRR R BRI oo 46
B BE B 48



H x

FME SEEMFI A M R H LIRS SRR

------------------------------------------------------------------------------------------------------------------ 51
A1 B| B ettt 51
B2 TT B oo 52
B.2.0 BRFABL LTI ovvrveverereemesnesessiess st 52
4.2.2 I FABZ R AIAG ovvvemssemsm s 52
£.2.3 FALEZMITR covvoereserssersesssesssessss st 52
4.3 BERETFIR v 53
431 BB A I B F o vveovveeeeesiessee st 53
4.3.2 B RHANITAE M IN R 45 G v ARSI B I A 10 B S i A
................................................................................................................. 56
4.3.3 AT G RSB AT BRI AR e 57
4.3.4 BT EAT GG BB AN RS AR S 5
................................................................................................................. 59
Bl B 3 et 60
BETEILIR o oveve e s 62
ERE D-FERIRNIMELIRER T FLAR PR E AN B R
.................................................................................................................. 64
L Bl B vttt ettt 64
A PP 65
5.2 FRFAUSL LTI ovvrevreeeessmrereesseee ettt 65
5.2.2 AMJH HIARL I TIA oeveeersmsese s 65
5.2.3 HALZZMITR +vvvvvereeeressneseesseesseessees et 65
5.2.4 AR AR LRI RAL - oevvveersmsesns, 65
5.3 ZEBR ISR ovvrreeeeirte ettt 66
5.3.1 FEALZZBHBTEE oo 66
5.3.2 S VTR IEIUVVIS AN ++vvvevvseeresnessesisriesissies s 67

5.3.3 BHAUIBLIIALI v s 70



534 AMATEIALIETESL oo 76
5.3.5 D- 5 B IR AN ZE U LR AZETEE «ovvveeen e 79
B B A 80
BEENTTR oo ovee e e e 81
R T e AR D AR A= o e 83

B ABE oo 84



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

