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The Prediction Model of Carbonation Process by CO, Diffusion Using
the Air Permeability Coefficient for Concrete
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ABSTRACT Recently, some mathematical models for the prediction on progress of carbonation of concrete were reported. These
models take account for CO, diffusion and chemical reaction between Ca(OH), and CO,. Based on the assumption that CO, dif-
fuses in the carbonation zone and reacts with Ca(OH), at the outer face of carbonation zone and non-carbonation zone. In this study,
a mathematical model to predict the progress of carbonation of concrete has been established based on the reducing concentration
of Ca(OH), in the carbonation progress zone, where Ca(OH), reacts with CO, and Ca(OH), and CaCO; coexist. Also, the pre-
diction model of carbonation progress rate of concrete using the air permeability coefficient regarding to CO, diffusion is devel-
oped. As a result of this study, an expression, the model equation is obtained for the prediction of carbonation based on the time
and interaction velocity between CO, and Ca(OH), dependent air permeability coefficient. The prediction by the model satisfied
the experimental data of the accelerated carbonation for painted concrete. Consequently, the model can predict the rate of car-
bonation and the potential service life of concrete structure exposed to atmosphere.
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Table 1 Mixture proportion and fresh properties
W/C | s/a | Unit weight (kg/m’) | SP |Slump| Air
o) | (%) | W | C S G | (%) | (em) | (%)
47 46 | 193 | 411 | 775 | 914 | 0.3 19 | 2.5
55 48 | 193 | 351 | 832 | 907 | 0.1 19 | 2.6
60 49 | 193 | 322 | 861 | 901 - 17 | 24

Table 2 Physical properties of materials

Normal Portland cement
Fineness : 3,200 cm’/g, Density : 3.15 g/em’

Fine Natural sand

Cement

aggregate | Maximum size : 2.5 mm, Density : 2.54 g/cm’
Coarse Crushed coarse aggregate
aggregate | Maximum size : 20 mm, Density : 2.65 g/cm’

High range water reducer
Admixture | Naphthalene type, liquid phase(dark brown),
Density : 1.18 g/em’, pH 8.0

Table 3 Physical properties of paint

Density | Viscosity pH [Volatile matter| Component
Paint I| 1.38 88 | 8.8~9.5 41% Acrylic
emulsion
PaintII| 1.40 87 8.8~9.5 46% type
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Table 4 Carbonation depth and air permeability coefficient

Appication of finishing material

Epoxy coaling

D : 3cm

Silicon sealing Base plate

Fig. 1 Specimen of air permeability coefficient while carbonation test

Specimen

Rubber ring

Air compressor

Silicon sealing 'T '

Application of finishing material

Fig. 2 Measurement machine of air permeability coefficient

Q : ¥7] % (cm’/sec)
A 71 (38.465 cm’)

y 1 71319 S8AFEHE 7] 11.205 x 10° kgflem’)

Bkl 7499 CoYsRe s%elH, EAE EH
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1%7} H3 B35z 3shE 0.3 x 10°mol/em™} H T}

X

W/C | Finishing

Carbonation depth (mm)

Air permeability coefficient (cm/sec)

(%) material

1 week |2 weeks|3 weeks|4 weeks|5 weeks|6 weeks|7 weeks|8 weeks| Before

1 weeks |4 weeks | 8 weeks

Without paint| 6.0 8.0 8.0 9.0 9.8

104 9.5 10.6 | 5.8E-10 | 5.7E-10 | 4.8E-10 | 3.6E-10

47 Paint 1 3.6 5.1 6.2 6.9 7.8 6.1 10.5 9.6 1.9E-09 | 1.7E-09 | 1.6E-09 | 1.9E-09
Paint 1I 5.1 7.9 8.0 8.5 8.1 94 9.8 10.8 | 4.1E-09 | 9.0E-10 | 1.6E-09 | 1.3E-09
Without paint| 8.7 11.3 11.9 13.0 154 16.0 16.9 16.0 | 8.2E-07 | 2.4E-07 | 2.0E-07 | 1.8E-07

55 Paint 1 42 7.1 6.8 5.8 8.9 9.7 11.1 10.5 | 2.9E-08 | 1.2E-08 | 1.4E-08 | 1.6E-08
Paint 11 6.8 10.3 11.1 10.3 11.6 13.6 14.6 152 | 9.1E-08 | 3.8E-08 | 4.1E-08 | 4.6E-08
Without paint| 12.0 15.5 16.2 18.9 20.4 21.8 239 247 | 45E-06 | 1.3E-06 | 1.3E-06 | 1.3E-06

60 Paint I 8.0 9.6 11.5 12.3 14.2

14.2 17.7 172 | 2.2E-06 | 4.0E-07 | 3.2E-07 | 3.5E-07

Paint 11 9.7 12.6 13.0 14.9 15.1

17.9 18.7 204 | 42E-06 | 1.5E-06 | 1.4E-06 | 9.0E-07
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AbslAl BAEE CO,EMHAS DE F22 0.060 cm’/day, Carbonation depth (cm)

HAE 15 0.043 cm’/day, HNE 27 0.055 cm’/daysl 2L (c) Paint Il (D:0.055 cm?/day)

2 YERT Fig 4= SAHMEHN] 55%94 9] whg&e Fig. 3 Change density of Ca(OH), (W/C =47%)

AT kE 250,000/day= 39S 79 whtAlE ol u}

€ Ca(OH),® F=RIsIE vehd ZlomA g@iksiEzl O1E 2% 0.100 cm’/day®l Ao g UERst).

Aol ot HAEXeF fFAH FAE= CO,EHIT Fig. 55 EAIWER] 60%°)4 2 w$EeHE3 ks
= Fx8 0.120 cm’/day, HJE 15 0.050 cm’/day, 500,000/day= st1S 799 mRIER] W& Ca(OH),

~
[
i,
Coneentration of Ca(OH) » (10 molient)

Table 5 Input condition of estimate model while carbonation

w/C Finishing CO, density Ca(OH), density [Reaction velocity coefficient| CO, diffusion coefficient
(%) material (x10°mol/cm’) (x10°mol/em’) k (/day) D (cm’/day)
Without paint 0.060
47 Paint 1 0.3 1.3 100,000 0.043
Paint 11 0.055
Without paint 0.120
55 Paint [ 0.3 1.1 250,000 0.050
Paint 11 0.100
Without paint 0.210
60 Paint 1 0.3 1.0 500,000 0.120
Paint 11 0.158
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Carbonation depth (cm)

(a) Without paint (D:0.120 cm?/day)
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0.8 E

0.6

04 F

Concentration of Ca(OH) » (41 0 moliam’)

0.0 1.0 2.0

Carbonation depth (cm)

(c) Paint Il (D:0.100 cm?/day)
Fig. 4 Change density of Ca(OH), (W/C = 55%)
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0.2

0.0 1.0 2.0

Carbonation depth (cm)
(c) Paint Il (D:0.158 cm?/day)

Fig. 5 Change density of Ca(OH), (W/C =60%)
*The concentration of Ca(OH), at the surface of
concrete specimens is gradually increases from day
1 to 8th week. And It presented in 15 different levels
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Fig. 6 Comparison with experimental value and analysis
result (W/C =47%)
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Fig. 7 Comparison with experimental value and analysis
result (W/C=55%)
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