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Acceleration Effect of Chemical Solution Immersion on Calcium Leaching of
Cement-Based Materials

WANG Shaowei, XIAO Yanyu, XU Yingli, ZHU Pinghua, LIU Hui
(School of Environmental and Safety Engineering, Changzhou University, Changzhou 213164, Jiangsu, China)

Abstract: To quantify a relationship between the accelerated calcium leaching effect and the concentration of nitric acid solution
ranging from 0.01 to 0.50 mol/L, leaching experiments and numerical simulation were conducted for cement paste, mortar and
concrete specimens at a water-cement ratio of 0.50, and the evolutions of the macro- and micro-leaching indicators were analyzed.
The results show that the proportional coefficients in Fick's diffusion law based on leaching depth and cumulative relative leached
calcium ion exhibit a linear and negative exponential growth relationship with the concentration of nitric acid solution. The
diffraction peak of calcium carbonate at the same depth of each leached paste specimen linearly decreases. The equivalent
accelerated diffusion coefficients of cement paste, mortar and concrete are linearly proportional to the concentration of nitric acid
solution, and the acceleration ratios are 3.9x10°, 1.6x10° and 1.0x10° times of the concentrations (measured in mol/L),
respectively. For cement paste with a water-cement ratio of 0.50, acceleration ratios of 6.00 mol/L ammonium nitrate, 0.50 mol/L
nitric acid, 6.00 mol/L ammonium chloride and deionized water are 4 507, 2 018, 464 and 47, respectively. The equivalent
accelerated diffusion coefficient of cement paste is 2.3 times greater than that of the concrete at the same water-cement ratio. If the
concentration of chemical immersion solution is too high, the calcium dissolution-diffusion process will deviate from the
dissolution mechanism in fresh water environment. When nitric acid solution is used for an accelerated calcium leaching
experiment, an appropriate concentration is 0.10 mol/L.

Keywords: cement-based materials; calcium leaching; chemical solution immersion method; acceleration effect; inversion analysis
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Note: gy, » €y, and ¢y, are initial contents of the C-S-H, Ca(OH), and total solid calcium.
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Table 3 Accelerated diffusion coefficient and accelerated ratio of calcium leaching

Author Acceleration method Category Water-cement ratio (r) Dice/ (107" m*s7") F
Carde! 5.50 mol/L NH4NO; P 0.50 16.48 2 666
Deionized water P 0.50 0.21 34
Wan!®! 6.00 mol/L NH,NO; P 0.23 5.52 3477
P 0.35 16.21 4907
P 0.53 29.85 4469
Nguyen!'! 6.00 mol/L NH,;NOs3 P 0.60 42.48 5531
M 0.60 18.06 1656
c 0.60 10.50 883
Yang!'”! 6.00 mol/L NH,Cl P 0.30 1.30 530
P 0.40 1.88 440
P 0.50 2.87 464
P 0.60 6.23 811
Kamali!'®! 6.00 mol/L NH4NO; P 0.25 13.98 7771
P 0.40 28.64 6703
Deionized water P 0.40 0.27 63
P 0.50 0.38 61
Zheng!"” 6.00 mol/L NH4NO; P 0.40 8.95 2095
C 0.40 3.89 357
C 0.50 4.94 453
C 0.60 6.06 556

Note: P, M and C represent paste, mortar and concrete, respectively.
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Fig. 9 Accelerated diffusion coefficients and accelerated ratio
of calcium leaching of cement paste
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Fig. 10 Evolution of accelerated diffusion coefficient with
water-cement ratio
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