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Abstract: It is easy to induce calcium corrosion for cement paste in a carbonated water-rich environment, which
becomes a severe threat to its service performance. In order to properly reflect the dissolution-diffusion process of
CO, in water and its interaction with cement minerals, a reactive transport model(RTM ) was therefore developed ,
which was then utilized to study the spatial and temporal distribution of cement minerals, solutes and pore structure
during groundwater erosion. In this way, the deterioration behavior of hardened cement paste can be thus assessed.
The results show that generated calcite precipitation will fill in available pore space when the content of dissolved
CO, in water is low, which prevents further loss of calcium ions. Once its concentration is larger than 14.00 mmol/
L., the calcite begins to decompose due to an increased acidity of pore solution, resulting in an accelerated deterioration
progress of cement paste.
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Table 1 Dissolution-precipitation reaction equation and molar volume of different minerals'"”’

Mineral Reaction equation Molar volume/(cm*mol ")
Portlandite Ca(OH),+2H =Ca® + 2H,0 33.06
~ J; + 3 ~ 2+ 2 S
JenD (Ca0)4(Si0,),(H,0); + 3H = ca’ +4H2()+§5102(aq) 81.00
2 3 2
~ : 8 4y 7 .
JenH ((/a())i(Sl()z)(Hz())EJrEH = Ca JrEHZOJrSlOZ(aq) 76. 00
C-SH ’ ‘
: 5 . 5 ,. 8 2
TobD (Ca0)5(Si0,),(H,0), + - H =50 +§H2()+§sl()2(aq) 48. 00
5 3 5 3
L . 4 . 2, 13 )
TobH ((,a())E(Sl()Z)(Hz())i+€H = ca’ +?H2()+Sloz(aq) 55. 00
3 2
C.S (Ca0),8i0, + 6H = 3Ca*" + 3H,0 + Si0,(aq) 73.18
C,S (Ca0),8i0, + 4H" = 2Ca”" + 2H,0 + Si0,(aq) 51.79
Amorphous silica Si0, (s)=SiO,(aq) 29.00
Calcite CaCO,=CO% +Ca*" 36.93
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Table 2 Chemical composition(by mass) of hardened
cement paste !’
Unit: %

CaO  Si0, AlLO, Fe,0, MgO SO, K,0 IL

63.81 21.60 4.35 2.95 1.76 1.06 0.51 1.19
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Table 3 Porosity and minerals’ volume fractions of different 2D slices
Z/pm Porosity(by volume)/ % o(clinker)/ % o(C-S-H)/ % ¢(Portlandite)/ % o(C-A-H)/ % o(Fe(OH),)/ %
0 28.06 13.98 38.52 16. 29 2.88 0.27
20 28.07 17.24 40. 25 10. 96 2.95 0.53
40 29. 14 14. 50 39.87 13.15 2.96 0.38
60 26.92 18.38 38.52 12.43 3.52 0.23
80 26.14 15.97 42.63 12. 86 2.15 0.25
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Table 4 Concentrations and diffusion coefficients of solutes in pore solution and CO,-rich water

Solute Concentration in pore solution/(mol-."")  Concentration in CO,-rich water/(mol-L. ") D at 16 °C/(m*s ")
H' 2.25%10° " 7.96X10°7 7.25%10 0
OH 2.17X10 * 6.16x10 * 4.10x10 ° ™"
CO, 0 6.12x10* 1.61x10 7™

HCO, 0 2.97x10 * 8.62x10 1™

co? 0 1.43%10°° 6.32>x10 1=

Ca*" 1.09x10°* 1.48x10°" 5.78x10 00

CaSiO; 1.09X10°° 0 1.36X10 72
Sio, 3.28x10° " 3.33x10°* 1.71x 10 * B

HSIO5 1.54x1077 4.45%10°° 1.01x 1072
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Fig.4 Distribution of pH value in the specimen’s pore solution at different corrosion time
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Fig. 5 Comparation between time and corrosion depth predicted by RTM and its comparison with experimental data
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Table 5 Porosity and minerals’ volume fractions of specimen at different hydration ages

Hydration age/d  Porosity(by volume)/ % o(clinker)/ % o(C-S-H)/ % o(Portlandite)/ % o(inertial minerals)/ %
3 29.71 18.89 37.95 11.87 1.58
7 26. 14 15.97 42.63 12.86 2.40
28 21.13 12.07 48. 68 14.09 4.03
91 18.02 9.56 52.72 14.99 4.71
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Fig. 6 Relationship between corrosion time and mineral content in the specimens at different hydration ages
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Fig. 7 Distribution of different minerals and deteriorated area in cement pastes
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Table 6 Composition and pH values of boundary solutions
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