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Problem statement:

Natural carbonation of cement-based materials occurs throughout the lifespan of buildings and
concrete structures. This process entails several disadvantages regarding their structural integrity and
reliability. The main concern stems from the decline in concrete pH and subsequent corrosion of steel
reinforcement bars [1-2]. However, carbonation itself absorbs carbon dioxide from the air through a
series of chemical reactions well-known in the cement and concrete industry in the case of natural
carbonation [3-5]. Interestingly, the incorporation of a small amount of activated carbon in cement and
concrete has been observed to increase their mechanical strength, a phenomenon not well understood
in current literature. One of the main reasons for this enhanced mechanical strength in both bending
and compression arises from changes in the Interfacial Zone (I1Z) located between cement paste and
activated carbon in cement-based materials.

Ph.D. program description:

To study such a composite material containing cement and activated carbon, it is necessary to
investigate activated carbon (AC) at both the continuum and nanometric scales. Activated carbon is a
porous material often used for trapping gases (CO2, CH4, N2, and mixed gases) [6-8]. Its use in cement-
based materials has proven to be highly effective in trapping CO2. Experimental results clearly
demonstrate a significant improvement in CO2 adsorption in concrete with the addition of a small
amount of activated carbon (less than 2% by weight). The objective of this Ph.D. proposal is to study this
behavior at the molecular level and verify it against experimental data from the literature. Additionally,
the structure of cement-based materials will be examined at the nanoscale with different CaO/SiO2
ratios to develop a realistic representation of CSH and Ca(OH)2 in cement paste [9-11]. By performing
reactive molecular dynamics simulations [12] on random mixtures of CSH/Ca(OH)2/AC incorporating
natural carbonation phenomena, we aim to obtain the atomic structure for our numerical experiments.
These experiments will assess the modulus of elasticity, Poisson's ratio, tensile and compressive
strength, and thermal expansion coefficient of carbonated mixtures of cement and activated carbon in
the IZ. Large-scale simulations can also be conducted using the mechanical properties obtained from
nanoscale numerical simulations and characterizations. The numerical results will be validated against
experimental data from the literature and supplemented by laboratory experiments (including X-ray
diffraction and TEM analyses).
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