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ABSTRACT: Reducing carbon dioxide (CO2) emissions is an important aspect of global climate change. In Japan, CO2 
emissions from cement production account for approximately 5% of total CO2 emissions. A technology system for the 
substantial reduction of CO2 emissions was developed. In this system, high-slag cement with a slag content of over 60% was 
newly developed. Carbonate-demolished recycled concrete fine powders (RCFs) have also been developed. RCFs contain 
cement hydrates, that react with CO2 and transforms into calcium carbonate. They can be used as carbon capture and 
utilization (CCU) materials. New cement and carbonate RCFs have been used for soil stabilization. The new cement has a 
reduction performance of 70% and 40% compared whit Ordinary Portland Cement (OPC) and conventional Blast furnace 
cement type B (BB cement). The RCFs were carbonated under dry conditions to form a CCU material that could fix 10% 
CO2 by mass. This study presents the properties of RCFs and carbonate RCFs. Subsequently, in laboratory tests, the fluidity 
before hardening and the compressive strength of soil stabilization were investigated. The fluidity decreased when carbonate 
RCFs were used, requiring the use of a chemical admixture. The compressive strength of mixtures containing carbonated 
RCFs was found to be 1.1 to 1.5 times higher than those without it. Based on these findings, we conclude that these new 
materials can be applied as environmentally friendly ground improvement solutions. 
 
RÉSUMÉ: La réduction des émissions de CO2 est une question importante en ce qui concerne le changement climatique 
mondial. Au Japon, les émissions de CO2 liées à la production de ciment représentent environ 5% des émissions totales de 
CO2 japonaises. Un système technologique permettant une réduction substantielle des émissions de CO2 a été développé. 
Dans ce système, un ciment à haute teneur en laitier avec une teneur en laitier supérieure à 60% a été nouvellement 
développé. De plus, une poudre fine de béton recyclé décarbonatée (RCFs) a été développée. Les RCFs contiennent de 
l'hydratation de ciment, qui réagit avec le CO2 et se transforme en carbonate de calcium. Ils peuvent être utilisés comme 
matériau de capture et d'utilisation du carbone (CCU). Le nouveau ciment et les RCFs à base de carbonate ont également été 
utilisés pour la stabilisation des sols. Le nouveau ciment présente une performance de réduction de 70% et 40% 
respectivement par rapport au ciment Portland ordinaire et au ciment de type haut fourneau conventionnel (ciment BB). Les 
RCFs ont été carbonatés dans des conditions sèches pour former un matériau de CCU capable de fixer 10% de CO2 en masse. 
Cet article présente les propriétés des RCFs et des RCFs à base de carbonate. Ensuite, lors d'essais en laboratoire, la fluidité 
avant durcissement et la résistance à la compression de la stabilisation des sols ont été étudiées. Il a été observé que la fluidité 
diminuait lors de l'utilisation de RCFs à base de carbonate, nécessitant l'utilisation d'un adjuvant chimique. La résistance à 
la compression des mélanges contenant des RCFs carbonatés s'est avérée être de 1,1 à 1,5 fois supérieure à celle des mélanges 
sans RCFs. Sur la base de ces résultats, nous concluons que ces nouveaux matériaux peuvent être utilisés comme solutions 
d'amélioration des sols respectueuses de l'environnement. 
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1 INTRODUCTION 

Recently, reduction in CO2 emissions has been 
required as a countermeasure against global warming, 
and in the field of geotechnics, decarbonization is 
additionally required because a significant amount of 
cement is consumed during soil stabilization, which 

emits a considerable amount of CO2. Some studies 
have been conducted to reduce environmental impact 
of soil stabilization, such as adding ground- granulated 
blast-furnace slag, which is a by-product of steel 
production that serves as a binder (Kawamura and 
Kasai, 1999), and performing soil stabilization using 
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ladle furnace slag and the application of cement with a 
high blast furnace slag content cement had been 
carried out for soil stabilization (Kono et al. 2016). 
improvement. However, it is not possible to achieve 
carbon neutrality by achieving a 100% slag 
substitution rate, because there are limitations to the 
extent of substitution. 

One countermeasure to achieve carbon neutrality in 
soil–cement stabilization is the use of recycled 
concrete fines (RCFs). A significant amount of RCFs 
is generated during the production of recycled fine and 
coarse aggregates from demolished concrete, and these 
RCFs contain cement hydrates, such as calcium 
hydroxide and dicalcium silicate (Jiang et al., 2022). 
Therefore, the use of RCFs as a carbon capture and 
utilization (CCU) materials are being considered 
because RCFs can absorb CO2 when the powder is 
soaked in water containing a high concentration of 
CO2 (Ho et al., 2021). 

In this study, a soil stabilizer composed of cement 
and carbonated and CO2-fixed RCFs was introduced to 
further reduce the environmental impact of soil 
stabilization. The RCFs were carbonated, and the 
amount of CO2 fixed in the RCFs was investigated 
using thermogravimetric differential thermal analysis 
(TG/DTA). To clarify the changes in the amounts and 
types of hydrates in the RCFs before and after 
carbonation, X-ray diffraction (XRD) analyses of the 
uncarbonated and dry-carbonated RCFs were 
conducted. To confirm the fluidity of the cement slurry 
and the change in the strength properties owing to the 
addition of uncarbonated and carbonated RCFs, P-
funnel and unconfined compressive tests were 
conducted. 

2 RECYCLED CONCRETE FINES 

2.1 RCFs material 

The RCFs used in this study were demolished from an 
office building in Tokyo. The average compressive 
strengths of the cores were 27.4 N/mm2. The concrete 
was blasted under dry conditions, which resulted in the 
formation of recycled fine and coarse aggregates and 
RCFs. 

2.2 Carbonation methods 

In this study, the dry RCFs method (Nishiie et al., 
2023) was used. Figure 1 shows the dry carbonation 
system used in this study. In the dry carbonation 
method, naturally dried RCFs were exposed for 9 days 
in a chamber with a CO2 concentration of 10%, 
temperature of 20 °C, and relative humidity of 60%, 
and they were stirred and weighed every 3 days. When 

the mass change of the RCFs stabilized, the 
carbonation of the RCFs was regarded as complete. 
 

 
Figure 1. Dry carbonation system. 

2.3 Physicochemical properties of RCFs  

Figure 2 shows the particle size distributions of the 
carbonated RCFs obtained via laser diffraction 
analysis. The median diameters of the carbonated 
RCFs were 33.4 μm. Table 2 lists the densities of the 
RCFs before and after carbonation obtained using the 
gas replacement method. The density of the 
carbonated RCFs is approximately equal to that of the 
uncarbonated RCFs. 

Figure 3 shows the XRD patterns of uncarbonated 
and dry-carbonated RCFs. Regarding the 
uncarbonated RCFs, the peaks of cement hydrates, 
such as calcium hydroxide and ettringite, appeared; 
however, these peaks disappeared after carbonation. 
This indicated that the cement hydrates reacted with 
CO2 to form calcium carbonate, whereas after 
carbonation, cement hydrates did not appear in the 
RCFs. 

2.4 Mass of CO2 fixed in RCFs 

The mass of CO2 fixed in the RCFs was investigated 
via thermogravimetric/differential thermal analysis 
(TG/DTA). The relationship between the change in 
sample weight loss and temperature was determined 
via TG/DTA. In this study, weight loss occurred at 
temperature from 550 °C to 950 °C owing the 
decomposition of calcium carbonated (CaCO3), and 
the percent weight loss in this temperature range was 
regarded as the mass percentage of fixed CO2 (Chang 
& Chen, 2006). The weight loss percentages in these 
temperature ranges were 8.2% and 11.1%, 
respectively. RCFs had already fixed 8% CO2 by mass 
before the carbonation process, and after carbonation, 
the mass of CO2 fixed in RCFs increased by 3%; hence 
using carbonated RCFs, approximately 10% of CO2 by 
mass could be fixed, including CO2 fixed prior to 
carbonation. The uncarbonated RCFs had already 
absorbed CO2 because they reacted with atmospheric 
CO2 in the months following production. 
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Figure 2. Particle size distribution of RCFs. 

 
Table 1. Density of RCFs. 

Type of RCFs Density (Mg/m3) 
Uncarbonated 2.46 

Dry carbonated  2.45 

 

 
Figure 3. XRD pattens of RCFs. 

3 SOIL STABILIZATION USING RCFS 

3.1 Test specimens 

To investigate the applicability of carbonated RCFs for 
soil stabilization, test specimens with simulated soil–
cement columns were prepared. The type of cement 
used in this study was blast-furnace slag cement type 
B (based on the Japanese Industrial Standard), the 
mass of cement per unit volume (1 m3) of soil was set 
to 300 kg, and the water–cement ratio was set to 1.0 
The sandy soil used in the experiment was composed 
of silica sand and Gairome clay at a mass ratio of 9:1 
and a water content of 18%. All the specimens were 
cylindrical with a radius of 50 mm and a height of 100 
mm. 

Table 1 lists the mix proportions and masses of 
each specimen. The effects of the type and amount of 
carbonated RCFs added to the soil–cement column on 
its physicochemical properties were investigated. In 
addition, to investigate the effect of the reduced water–
powder ratio owing to powder addition on the strength 
of the soil–cement column, specimens with sandstone 
powder, which featured low reactivity and a particle 

size distribution similar to that of the RCFs, were 
prepared. Uncarbonated and carbonated RCFs and 
sandstone powder were added at 30%, 60%, and 90% 
of the cement mass. 
 
Table 1. Mix proportion. 

No 
Mass of 
cement 
(kg/m3) 

Mass of 
water 

(kg/m3) 

Type of 
add 

material 

Mass of 
add 

material 
(kg/m3) 

1 300 300 - - 
2 300 300 Uncarbo. RCFs 90 
3 300 300 Uncarbo. RCFs 180 
4 300 300 Uncarbo. RCFs 270 
5 300 300 Carbo. RCFs 90 
6 300 300 Carbo. RCFs 180 
7 300 300 Carbo. RCFs 270 
8 300 300 Stone powder 90 
9 300 300 Stone powder 180 

10 300 300 Stone powder 270 

3.2 Fluidity of cement slurry 

In this study, the CDM method was used to construct 
soil stabilization using RCFs. The fluidity of the 
cement slurry was evaluated using the P-funnel flow 
time. Using a Hobart mixer, cement, added material, 
and water were mixed for 5 min to produce a cement 
slurry. Figure 4 shows the P-funnel flow time of the 
cement slurry. It was found that adding RCFs 
increased the P-funnel flow time compared to the 
addition of sandstones. In particular, for dry 
carbonated RCFs, the impact on the increase in the P-
funnel flow time was significant. Furthermore, when 
90% of the RCFs had been added, the test could not be 
conducted. 

In the CDM method, the pumping of the cement 
slurry is possible if the P-funnel flow time is less than 
15 s (Ban et al., 1995). Therefore, if the water-cement 
ratio of the cement slurry is 100%, it would be 
necessary to use chemical admixtures to improve the 
fluidity and add RCFs in a proportion greater than 
30%. 
 

 
Figure 4. Test results of P- funnel flow time. 
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3.3 Unconfined compressive strength 

Figure 5 shows the compressive strength after curing 
period of four weeks. The compressive strengths of the 
specimens containing sandstone powder were 1.05 to 
1.13 times higher than those without powder. In the 
specimens containing uncarbonated RCFs, the 
compressive strengths were 1.24 to 1.39 times higher 
than those without powder. The compressive strengths 
of the specimens containing dry carbonated RCFs 
were 1.15 to 1.52 times higher. 

Based on these results, a greater increase in 
compressive strength was observed in the specimens 
containing uncarbonated and carbonated RCFs than in 
those containing sandstone powder, confirming the 
effectiveness of adding RCFs in increasing the 
strength of the soil stabilization, and an increase in the 
RCFs ratio increased the strength of the soil 
stabilization. 
 

 
Figure 5. Compression strength of soil stabilization. 

4 CONCLUSION 

In this study, the physicochemical properties of the 
RCFs generated during the crushing of waste concrete 
with CO2 fixed and the applicability of soil 
stabilization with carbonated RCFs were investigated. 
The density of the RCFs slightly increased after wet 
carbonation, whereas it did not change after dry 
carbonation, and the particle size distribution did not 
change regardless of the carbonation condition. The 
RCFs absorbed CO2 and were fixed at a 10% CO2 
mass. By adding carbonated RCFs, the compressive 
strength of the soil stabilization was 1.2 to 1.5 times 
higher than that of the soil stabilization without using 
RCFs. The impact of the RCFs' carbon dioxide 
fixation capacity of RCFs and the strength of soil 
stabilization are influenced by properties such as the 
strength of the dismantled concrete; therefore, it will 
be necessary to investigate this variability. 
Furthermore, it is necessary to investigate the alkaline 
properties and hexavalent chromium leaching 
characteristics of carbonated RCFs as well as soil 
stabilization using carbonated RCFs. 
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