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Integrated Modeling of Chloride Binding Isotherm of Concrete
Based on Physical and Chemical Mechanisms
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Abstract

Over the past few decades, a considerable number of studies on the durability of concrete have been carried out
extensively. A lot of improvements have been achieved especially in modeling of ionic flows. However, the majority
of these researches have not dealt with the chloride binding isotherm based on the mechanism, although chloride
binding capacity can significantly impact on the total service life of concrete under marine environment.

The purpose of this study is to develop the model of chloride binding isotherm based on the individual
mechanism. It is well known that chlorides ions in concrete can be present; free chlorides dissolved in the pore
solution, chemical bound chlorides reacted with the hydration compounds of cement, and physical bound attracted to
the surface of C-S-H grains. First, sub-model for water soluble chloride content is suggested as a function of pore
solution and degree of saturation. Second, chemical model is suggested separately to estimate the response of binding
capacity due to C-S-H and Friedel’s salt. Finally, physical bound chloride content is estimated to consider a surface
area of C-S-H nano-grains and the distance limited by the Van der Waals force.

The new model of chloride binding isotherm suggested in this study is based on their intrinsic binding
mechanisms and hydration reaction of concrete. Accordingly, it is possible to characterize chloride binding isotherm
at the arbitrary stage of hydration time and arbitrary location from the surface of concrete. Comparative study with
experimental data of published literature is accomplished to validity this model.
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Table 1 Parameters of major constituents of OPC cement

Compound CiS C,S C;A C,AF Fs salt
Exponent n; 2.65 3.10 241 3.81 -
Coefficient ky 1.17 0.16 2.46 1.00 -
Molar weight, MW, g/mol 2283 172.2 270.2 486.0 561.3
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Fig. 1 Evolution of Friedel’s salt by C;A and C4AF - numbers below reactions indicate stoi-chiometries
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Fig. 2 Morphology of idealized C-S-H nano-grain
at arbitrary age of hydration

[C-S-H]}MW s Sacsy (25) [CH)5 " = SAc st * Tt P (26)

SAC-S-H = -
Ve-s-n *Pc-s-H

ooz AANE FIE FI RdHg 7|22 st 94 Y EIHEY uHAIEF oy
AHr e FY uA &S FA 8 Tang o 284 2ot vla £ 3] Fig. 30jth ol AL £ A7}
Z3YEY £HRLE 7122 7] B A %L TG AME FoA) B g3 2For
a3 Zojh APt FGE ZAHY Folg AT + lon FF 8 FF vAUE Zd MHe
7122 A FF2d R 782 J8 5% FFEY AFXRAAE THA Aol 7t oz
Ziden.

3.4 &
2 @M G838 F&o] gL nXE 290e AR 8
FEstl WEIHY S 2 cZ Q% mdge | oo .
AHHAY. & ATE 712E FF Yo AE $RERE ] ‘
Hidge] E23E AR 4ol nad HE2AY FHA § .
ARES s 9 Zaziee] FA Ao £¢d 2aEe 3 5
W43 A A5 e Ao o] 88 = & Ao = Jdidch g 41
F1Ed g,
1. “Structure and Performance of Cements,” J. Bensted and P. — This model
. 1+ ¢ Tang's experiment
Barnes (Eds.), Second Edition, Spon press, London and New York,
0 ; : :

2002. 0 02 0.4 06 0.8
2. L. Tand, and L.-O. Nilsoon, “Chloride Binding Capacity and Free chioride (mol/ksolution)
Binding isotherms of OPC Pastes and Mortars,” Cement and Concrete Fig. 3 Comparative results for chloride

Research, Vol .23, pp.247-253, 1993. binding isotherm

540 i+



