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Mechanism for strength development of

wood-ash concrete considering the reaction of silicon dioxide

ABSTRACT
Haruki Watanuki

This study investigated the effect of increasing calcium carbonate production, which is
hypothesized to be the mechanism of strength enhancement in wood ash concrete. Wood
ash concrete is made by mixing only wood ash, a byproduct of wood biomass power
generation, with water to produce strength.

The possibility of products from the reaction of calcium hydroxide and silicon dioxide,
which was found as a new mechanism of strength. And this possibility was verified.

Strength was enhanced by increasing the proportion of fly ash, which contains more
calcium oxide than the 15% generated by power plants, of wood ash, which is composed
of fly ash and main ash. However, there was an optimum fly ash composition ratio for
strength development. On the other hand, the higher the fly ash composition ratio, the
greater the amount of calcium carbonate produced.

Carbonated water mixing was performed with the intention of increasing the calcium
carbonate production by accelerating the carbonation reaction from the inside of the
concrete specimen. But there was no correlation between the carbon dioxide
concentration and the amount of calcium carbonate produced or the strength of the wood
ash concrete. If anything, the calcium oxide in the fly ash was changed to calcium
carbonate due to carbonation of the fly ash with time, which increased the amount of
calcium oxide in the fly ash, causing the strength of the fly ash to decrease. It is possible
that calcium carbonate, which had been assumed to be a factor in the development of
strength, may be an impediment to the development of strength.

When main ash was ground and used, the strength was improved. The small increase
in the rate of filling of the formwork gave the possibility that the reaction of the main ash
contributed to the development of the strength of the wood ash concrete. In addition, using
the reagent as a substitute for the main ash containing silicon dioxide enhanced strength.
It can be said that the main ash contributes to the chemical reaction for the development
of strength in wood ash concrete.

As a new mechanism for the development of strength in wood ash concrete, products
consisting of silicon dioxide in the main ash and calcium oxide and silicon dioxide in the

fly ash were hypothesized. A correlation was obtained when the ratio of calcium



hydroxide to silicon dioxide at the optimum fly ash composition ratio was used to study
the relationship between the amount of product estimated from the formulation and
strength. On the other hand, the correlation between the amount of product and strength,
which is determined by the ratio in calcium silicate hydrate in existing concrete
engineering, was relatively low. Regarding the above, SEM-EDS analysis was performed
on the hardened wood-ash concrete, but no similarities to cement hydrates could be found.
Based on the factors that affect the strength of wood ash concrete, it can be said that

taking measures to prevent the calcium oxide contained in fly ash from converting to
calcium carbonate is effective in increasing the strength of wood ash concrete that cures

only with wood ash, without increasing energy consumption.



