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ABSTRACT

The diffusivity of carbon dioxide in concrete is very important in that it directly affects the degree of
carbonation in concrete structures. The purpose of the present study is to explore the diffusivity of carbon dioxide
and to derive a realistic equation to estimate the diffusion coefficient of carbon dioxide in concrete. For this
purpose, several series of concrete specimens have been tested. Major test variables were the water-cement ratios.
The total porosities and the diffusion coefficients of carbon dioxide were measured for the specimens. The present
study indicates that the measured porosities agree well with the calculated ones. The effects of porosity and
relative humidity on the diffusion coefficient of carbon dioxide were examined. A prediction equation to estimate
the diffusion coefficient of carbon dioxide was derived and proposed in this study. The proposed equation shows
reasonably good correlation with test data on the CO» diffusion coefficient of concrete

Keywords : carbonation, relative humidity, porosity, CO: diffusion coefficient equation
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Table 1 Parameters of major constituents of
ordinary portland cement

Compound GCsS CoS C4AF CsA
ni 2.65 31 381 241
Kui

- b el -0
(s 90C) 1.17x107°| 1.60x10 " | 1.00x 10 °| 246X 10

Mw;
(kg/mol) 0.22830 0.17222 0.48596 | 0.17217

o o
N [+ ]

Fraction Hydrated
4
Y

0.1 1 10 100 1000 10000
Time (days)

Fig. 1 Hydration speed of the major constituents of
OoPC
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Table 2 Molar volume differences during hydration
and carbonation

Compound GS GS CAAF,S
AV (m’/mol) | 53280x107 | 39350x10° | 22000%10™
Compound GAS CAF GA
AV (mY/mol) | 15586x10™ | 23000x10™ | 1498210
AVer 3.8500x10°° - -
AVesu 15400107 - -
445
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‘f Diffusion Cell
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Out Out

Fig. 2 Concept of measuring system of gas
diffusion coefficient
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Table 3 Physical properties of ordinary portland
cement

Kinds of | Specific | Finegess Setting
cement gravity | (cm7/g) Soundness (hour : minute)
Ordinary Initial | Final
portland 315 3450 good

cement 410 550

Table 4 Physical characteristics of used aggregate

Kinds of | Specific | Absorption Fineness

aggregate | gravity (%) modulus(F. M)
Fine 2.56 2.18 2.85
Coarse 2.60 0.94~ 6.51

Table 5 Detailed mix design

e e | tr v stsen] g
(kg/m”)
0.42 425 179 714 895
0.50 315 158 748 1,076
0.58 277 161 726 1,117
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Table 6 Salts for maintaining constant relative

humidity (257C)
Kinds . Potassium | Sodium | Potassium
of salts Silica gel | carbonate | chloride sulfate
KzCOs NaCl K2S04
RH (%) | 10£05 | 432%04 | 753%01 | 97.3%05

0.06
) T o—wic042 ]
e -0+ w/c:0.50
E —a-wj/c:0.68
= 0.04
c
Q
'S
E
c 0.02
9Q
[
£
o

0

0% 20%  40%  60%  80%  100%
Relative humidity (%)

(a) Non-carbonated specimen

0.06
) " T ——wic:0.42C
e ~0-w/c:0.50C
£ . ——wi/c:0.58C
=0.04
[=
()
]
“5
c 0.02
2
[}
a
0
0% 20% 40% 60% 80% 100%

Relative humidity (%)

(b) Carbonated spcimen

Fig. 3 Variation of diffusion coefficient according to
RH
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Table 7 Chemical fraction of used ordinary portland
cement clinker

Chemical
constituents

Fraction(%) 213 6.2 32 648 | 05

Chemical i}
constituents MgO | Na© KO | 10L

Fraction(%6) 21 012 101 02 -

Si0; | AOs | Fes | CaO | SOs

Table 8 Compounds fraction cof used ordinary
portland cement clinker

Compound GS GS GA CAF
Fraction(%) 51.01 22.58 102 974

Table 9 Initial molar concentration{mol/m®)

Compound CsS C2S CsA
w/c=0.42 | 929.2580 545.2896 169.6349
[iJo | w/c=050 | 669.4614 392.8407 122.2094
w/c=058 | 575.9399 337.9622 105.1371
Compound C4AF CSH, -

w/c=0.42 83.3576 102.7925 -
[iJo | w/c=0.50 60.0530 74.0544 -
w/c=0.58 51.6638 63.7093 -
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Fig. 4 Evolution of porosity &(t) and e,(t) with age
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0
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0.2 B w/c:0.50 carbonated (test data)
z
g
<)
o
0
0.1 1 10 100 1000
Time(days)
(b) w/c = 050
0.3 — —
w/c:0.58
------ w/c:0.58 carbonated
A w/c:0.58 (test data)
0.2 B w/c:0.58 carbonated (test data)

Porosity

0.1 1 10 100 1000
Time(days)

(c) w/c = 058
Fig. 5 Comparison of theoretical porosity with
experimental data
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(a) Diffusion coefficient according to total porosity of
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Total porosity(e,)

(b) Diffusion coefficient according to total porosity of
cement paste in concrete

Fig. 6 Influence of porosity on diffusion coefficient
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Fig. 7 Variation of diffusivity according to RH and ¢,
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Fig. 8 Variation of diffusivity according to RH and a/c
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Fig. 9 Comparison of diffusivity model with experi—
mental data
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