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Corrosion State of Reinforcing Steel in Composite Binder Mortar in Chloride Environment

LI Chuang, FAN Yingfang, WANG Yaoyu, LI Qiuchao
(College of Transportation Engineering, Dalian Maritime University, Dalian 116026, Liaoning, China)

Abstract: The corrosion state of composite binder mortar with metakaolin (MK) in chloride environment was investigated by
measuring corrosion potential, linear polarization and cyclic potentiodynamic polarization. The relationships among different
electrochemical parameters were analyzed. In chloride environment, the corrosion potential of the reinforcing steel in the composite
binder mortar increases, the corrosion rate decreases and the pitting corrosion resistance enhances with increasing the MK content as
the MK content is < 30% (accounting for total mass of MK and cement). The corrosion current density and corrosion potential are
correlated to composite binder mortar. The degree of pitting corrosion of the reinforcing steel in the composite binder mortar is well
reflected by main electrochemical parameters of cyclic potentiodynamic polarization. The presence of MK modifies the pore structure
and reduces the permeability coefficient of the chloride in the composite binder mortar. The depassivation time of the reinforcing
steel and the expected cracking time of reinforcing steel cover both are prolonged when the composite binder mortar is added.
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Table 1 Chemical composition of cement and MK w%
Material SiO, Al O; Fe,04 CaO MgO SO; K,O Na,O Cl LOI
Cement 21.63 5.70 3.35 61.19 1.67 3.56 0.70 0.34 0.014 1.42
MK 49.40 43.88 0.51 0.27 2.66 0.14 0.23 1.52 0.59
w is mass fraction. LOI is loss on ignition. MK is metakaolin.
*2 ERKREMEIENER. BFRESL
Table 2 Mix proportions of mortar and paste
Sample w(MK)/% w(Cement)/% Water/Binder ratio Binder/Sand ratio w(Water reducer)/%
MO 0 100 0.4 1/3 0
M10 10 90 0.4 1/3 0.05
M20 20 80 0.4 1/3 0.13
M30 30 70 0.4 1/3 0.26
PO 0 100 0.4 0 0
P10 10 90 0.4 0 0.05
P20 20 80 0.4 0 0.13
P30 30 70 0.4 0 0.26
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Table 3 Recommended criteria for corrosion rate of steel
in concrete

Corrsion condition

Leon/(QA-cm )

Passive condition <0.1
Low to moderate corrosion 0.1-0.5
Moderate to high corrsion 0.5-1.0
High corrosion rate >1.0

R4 BUHEREBE L EERRDTHE
Table 4 One-way ANOVA analysis summary of 1.,,,

E o range/mV Data points Average Ico,,./(uA~cm’2) Confidence interval of I /(uA~cm’2)

<-600 16 0.3856 0.2999-0.4712
—600 — 550 37 0.1258 0.0919-0.1597
—550 —-500 24 0.0268 0.0188-0.0347
—500 ——450 26 0.0124 0.0100-0.0147
—450 ——400 5 0.008 1 0.0072-0.0091
—400 —-350 10 0.0065 0.0062 —0.0069
-350 --300 2 0.0058 0.0010-0.0106
-300 - -250 7 0.0053 0.0049 —-0.0058

>-250 5 0.005 1 0.004 7 -0.0055

One-way ANOVA summary: F-statistic is 38.0. p-Value is 8.71x10°. Level of significance is 0.05.
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Table 5 Electrochemical parameters of cyclic potentio
dynamic polarization curves

Epi/mV Erey/mV ip/(WA-cm %)
Sample
5d 300d 5d 300d 5d 300d
MO 7243 146.6 755.1 -560.4 0.039 3.623

MI10 737.3 464.7 7723 —425.3 0.041 1.185
M20 772.6 675.5 781.5 -317.5 0.038 0.337
M30 824.8 724.8 851.1 —240.4 0.043 0.149
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Table 6 Parameters of pore structures in composite binder
mortar at 56 d

Average . . Specific
Median pore  Porosity(by
Sample pore . surface
. diameter/nm  volume)/% )
diameter/nm area/(m™g )

MO 13.5 21.3 12.42 17.18
MI10 9.7 9.47 11.48 23.63
M20 8.6 7.92 11.24 25.43
M30 6.9 7.61 10.13 27.90
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Table 7 Expected cracking time of composite binder
mortar

0. Leon/(RA- cm’z) ti/a te/a
MO 0.312 0.16 1.8
M10 0.167 0.66 3.7
M20 0.1 2.48 7.4
M30 0.1 542 10.5
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Fig. 8 Surface state of steel inside composite binder mortar in
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