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Carbonation Model of Hardened Ordinary Concrete Subject to High-pressure CO, Environment
Abstract

In this study, modeling based on Fick’s laws of diffusion, hydration reaction formula, and carbonation reaction
formula was conducted to determine the progress of carbonation of hardened concrete and to estimate the coefficient
of carbonation rate and the mass change rate, by using concentrated CO, under a high-pressure CO, environment. For
comparison of this model, hardened ordinary concrete with different compressive strength, mix proportions, and curing
age was subjected to concentrated CO, gas under a pressure of 0.5 MPa and 1.0 MPa respectively, using a high-
pressure injection chamber, and evaluated for the carbonation depth, coefficient of carbonation rate, and mass change
rate for immobilization of CO, by concrete. As a result, it was found that the coefficient of carbonation rate and the
mass change rate calculated by the model was roughly in good agreement with the experimental results, and the
carbonation progress can be estimated using the proposed model. In addition, the actual test results suggest that the
degree of carbonation and coefficient of carbonation rate may decrease as carbonation progresses, and it is necessary

to further study the mechanism of the progress of carbonation under a high-pressure CO, environment.
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Table 1 Hydration rate of clinker minerals

Hydration rate (%)
Minerals
1day | 3days | 7 days |28 days | 91 days
CsS 49 63 74 83 89
C.S 10 18 27 45 72
CsA 56 75 80 87 92
C, AF 25 39 47 56 69

Table 2 Physical quantities of substances used for

calculation
Minerals Mollar volume | Molecular weight | Density
(cm?®/mol) (g /mol) (g/cm®)
CsS 72.0284 228.33 3.17
C.S 52.5152 172.25 3.28
CsA 89.1749 270.2 3.03
Cy AF 130.29 485.98 3.73
éizajﬁiz 74.2155 172.18 2.32
Water 18.02 18.02 1.00
CSH 121.216 230.31 1.90
CH 33.08 74.1 2.24
AFt 713.2159 1255.26 1.76
AFm 319.272 622.58 1.95
C,AH,5 277.495 560.54 2.02
CaCO4 — 100.087 2.7
,,,,,,, I
Water Pores V(?)
Products Vo
Cement
Unhydrated| cement | |

Fig. 1 Concept of pore volume at age ¢
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Table 3 Mix proportions of concrete

Fc W/C | s/a Unit weight (kg/m’) Slump | Air
(N/mm®) | (%) | (%)  w/| clsi|s2| G| ap | (em) | (%)
18 64.8 | 49.6 | 184 | 284 | 446 | 438 1936 | 2.84 | 15.5 | 4.1
21 60.0 | 49.1 | 184 | 307 | 438 | 427 | 936 | 3.07 | 16.5 | 3.7
24 57.9 | 48.8 | 184 | 318 | 433|422 | 936 | 3.18 | 16.0 | 5.5
27 54.9 | 48.4 1184 | 336 | 425|417 | 936 |1 3.36 | 15.5 | 4.1
Table 4 Materials <7 Vacuum
Material | Mark Product Name g)ensitSy Pressure ) Injection
g/cm’) gauge
Cement C | Ordinary Portland cement 3.16
Water W | Groundwater 1.00
Crushed sand (under 5 mm)
Fine S1 (Shirakawa-city) 2.64 )
aggregate 2 Crushed sand (under 5 mm) 2 59 []
(Sukagawa-city) : .
pump
Coarse G | Crushed stone (Iwaki-city) 2.73
aggregate . . .
- Fig. 2 Overview of carbonation test set-up
Additives | AD AE water reducing agent _
(Standard Type I)
Table 6 Test conditions
Table 5 Mineral compositions of cement® Fc Age CO, pressure | Carbonation
N/mm? D MP, iod (h
c . Mineral content (%) (N/mp’) (Days) (MPa) period (h)
emen
CsS | CS | GA | CAF | CasO, 18, 24 1, 3, 28, 91 0.5 24
Ordi Portland 18, 21, 24, 27 91 0.5,1.0 3,6,9,24
ramary rortiand | 5e 5116.4 | 8.9 | 8.5 | 5.0
cement
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Fig. 3 Relationship between mass change ratio and
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