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ABSTRACT 
 
     Carbonation of cement-based materials has gained attention as a pathway for CO2 
utilization and material performance enhancement. However, conventional gaseous 
carbonation requires pressurized chamber and additional infrastructure, limiting 
applicability to fresh-state and in-situ conditions. This study proposes aqueous 
carbonation using CO2-rich monoethanolamine (MEA) solutions as a practical alternative 
and investigates its effects on fresh-state structural build-up and shape stability.  
 
1. INTRODUCTION 
 
     In this study, MEA solutions of varying concentrations were applied to fresh cement 
paste and mortar samples, and carbonation-induced changes were evaluated through 
matric suction measurement, small amplitude oscillatory shear (SAOS) tests, and 
squeeze flow tests. Carbonation-induced matric suction was found to enhance cohesion 
and internal confinement within the carbonated shell, as interpreted within the extended 
Mohr-Coulomb theory. 
 
2. METHODOLOGY 
 
     For fresh-state cement-based materials, type 1 ordinary Portland cement (OPC), 
ISO standard sand, and superplasticizer (SP) were used. The water-to-cement ratio of 
samples were 0.3 and 0.35. The sand-to-cement ratio was 1.5. The SP dosages were 
determined by the flow table test in advance. 
     MEA solutions were prepared by mixing deionized water with purity CO2 gas 
bubbling. The concentrations of dissolved MEA solution were 0, 29.9, 59.7, and 99.5 
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wt.%. The carbonation of mortar and paste samples were conducted by applying 
spraying and dropwise the solutions on the surface of the samples. 
 
3. RESULTS AND DISCCUSION 

(a) (b)  
Fig 1. Results of SAOS test with effect of MEA solutions 

 
     Fig 1 shows the result of critical stress versus elapsed time after carbonation. The 
paste samples have different fluidity (150 mm and 200 mm) with same w/cm. For both 
samples (p1 and p2), the critical stress increases with elapsed time. Typically, the 
intermediate solutions (59.7 and 99.5 wt.%) have shown the higher critical stress among 
the other concentrations. The critical stress can be interpreted as an increase in intrinsic 
cohesion at Mohr-Coulomb failure criterion within the carbonated shell. 
 
4. CONCLUSIONS 
 

     In this study, an aqueous carbonation with CO2-rich MEA solutions is proposed to 
enhance the shape stability of resh cementitious materials. At the paste scale, the 
carbonation develops matric suction and intrinsic cohesion. The extended Mohr-
Coulomb failure criterion was then adopted to relate these two contributions to the 
structural build-up observed at the mortar scale. 
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