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A method for decomposition of hardened cement adhered to the surface of recycled aggregate by
exposing to carbon dioxide

In order to solve the problem of raw materials for concrete consisting of mineral-derived resources and
to promote carbon neutrality in cement production, a technology to improve the quality of recycled
aggregate by exposure to high concentrations of carbon dioxide was devised and its effectiveness was
verified. This technology fixes carbon dioxide to the hardened cement material adhering to the surface
of the recycled aggregate to decompose and detach the hardened cement material. The possibility of
promoting the mechanism of carbonation of concrete proposed by Kobayashi and Uno (1990), who
found that calcium silicate hydrate decomposes when the hardened cement is further neutralized by
carbon dioxide in the air, was verified by increasing the concentration of carbon dioxide to a very high
level. The study examined the possibility of promoting and increasing the efficiency of carbonation of
concrete by increasing the concentration of carbon dioxide.

When recycled aggregate M was immersed in commercially available highly concentrated
carbonated water in a sealed container, carbon dioxide was consumed and the mass of the recycled
aggregate was reduced. The mass loss was greater as the carbon dioxide concentration was increased
and as the specific surface area of the recycled aggregate was increased, suggesting that the
carbonation reaction was accelerated.

Thermal analysis of the material stripped from the recycled aggregate showed that the calcium
carbonate content was higher regardless of the calcium hydroxide content. Since there was no other
source of calcium, it was inferred that the calcium silicate hydrate in the hardened cement was calcium
carbonate resulting from decomposition by carbon dioxide fixation. We obtained the possibility that
the carbonation mechanism proposed by Kobayashi and Uno (1990) occurred.

Experiments confirmed that gaseous carbon dioxide is more efficient in fixing carbon dioxide than
carbonated water, which is viscous and has relatively high resistance to penetration into the pores of
hardened cement. Thereafter, the exposure was switched to carbon dioxide. The results of
decomposition experiments with different initial moisture contents of the recycled aggregate samples
showed that the decomposition rate was highest when the samples were initially in a completely dry
state.

The fixation of carbon dioxide in calcium silicate hydrate C-S-H, the main component of hardened
cement, and its decomposition to produce calcium carbonate were verified using recycled fines. The
progress of carbonation with exposure period showed that the content of both calcium carbonate and
calcium hydroxide increased over a period of 3 days, but there was no decrease thereafter, and it was
determined that the increase in calcium carbonate content was due to carbonation of calcium silicate

hydrate C-S-H in the menthos hardened body. The effect of varying the pressure (gauge pressure) on
1



the carbonation of the samples was examined, but the results did not indicate that there was a
difference between 2 and 9 atmospheres.

The carbonation rate of regenerated fines exposed to different concentrations (atmospheres) and
storage conditions, and regenerated fines received on the same day and exposed to the atmosphere for
18 months from May 2023 to November 2024, were analyzed for composition by thermal analysis. The
results showed that the change in calcium carbonate content of the regenerated fine powder exposed
to air for 18 months was about 6 times larger than that of the powder exposed to high concentration of
carbon dioxide gas for 1 week, which confirms that exposure to high concentration of carbon dioxide
gas is effective in increasing the degradation rate of cement hardening body. The results show that
exposure to high concentrations of carbon dioxide is effective in increasing the degradation rate of
hardened cement.

The carbonation reaction is accelerated by the higher carbon dioxide concentration and the larger
specific surface area of the recycled aggregate. High-concentration carbonated water immersion and
high-concentration carbon dioxide exposure increased the calcium carbonate content regardless of the
calcium hydroxide content, which led to the promotion of the C-S-H decomposition reaction beyond

neutralization proposed by Kobayashi and Uno (1990).
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