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Abstract - The present work analyses the first approach of the use of PET as a component of a sustainable alternative to generate 

an enforced concrete. Through the computational study of one nanostructured concrete model and two monomers PET system, the 

adsorption energies of PET on concrete were evaluated in the present work, which was exergonic (-7.67 eV) and therefore can be 

formulated as a perspective a sustainable concrete using one of the principal waste in the world, applied to the construction industry. 
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1. Introduction 
Nowadays the earth suffers the highest levels of pollution of all times, for this reason, the need to reuse and avoid the 

contaminant resources is key to solve this urgent problem. In this order, highlights that polyethylene terephthalate (PET) is 

a thermoplastic resin, at an industrial level it is obtained by a polymerization reaction, which has been tried to degraded in 

several ways[1, 2], including biological treatments, however, this remains to be a problem and is latent the need to reuse it. 

On the other hand, in the construction industry, one of the main used materials is the concrete, 11 billion tons[3] per 

year, which can be doped with some waste materials to decrease the pollution and at the same time costs in this industry. 

The state of the art about the chemical structure and composition of concrete specify that the product results from the 

hydration of common Portland cement, which is a porous matrix consisting of several crystallites embedded in a poorly 

crystallized phase, the so-called calcium−silicate−hydrate (C−S−H) gel. This C−S−H gel is the most important hydration 

product. It constitutes about 50−70% of the fully hydrated cement paste and is responsible for most of the engineering 

properties of cement-based materials[4]. 

Moreover, the CSH concrete gel has a variable stoichiometry, generally characterized by its water content and 

inclusive calcium-silicon constituents. At the same time the structure, elastic, and mechanic properties have been several 

reported by Ayuela and co-workers since a few years ago[5-8]. Other recent studies proposed the chemical structure of 

some cement clusters studied at the DFT level[9]. 

Based on the above-mentioned studies, the present work aims is to study the possible structural conformation of a 

sustainable concrete model, based on a nanoparticle structure of concrete linked to one of the most pollution resources, 

PET. 

 

2. Results and discussion  
The results obtained about the concrete nano-cluster structure is depicted in Fig. 1, which shows the optimized 

structure of our proposed concrete nano-model. 

 
Fig. 1: Optimized structure of nanostructured concrete. 
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 Fig. 1 shows the stoichiometric proportions selected to perform a concrete structure, which is based on the proposed 

model by Ayuela and co-workers. Note that the condensed formula is O15Si4Ca5, which is the remainder after mix all the 

over components of concrete. 

 Once the concrete nanostructure was established and the PET model was optimized, the next step was to model the 

adsorption of PET on the concrete surface, which has been made using the DFT formalism, as will specify in the methods 

section. Fig. 2 shows the optimized composite (Concrete-PET system), which depicts that the PET remains in long-

distance respect to the concrete cluster, but highlights that the adsorption energy is favorable, being this of -7.67 eV. 

 

 
Fig. 1: Optimized 

 

𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 + 𝑃𝐸𝑇 ⟶ 𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒𝑃𝐸𝑇−𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 (1) 

𝐸𝑎𝑑𝑠 = 𝐸𝑐𝑜𝑚𝑝 − (𝐸𝑃𝐸𝑇 + 𝐸𝑐𝑜𝑛𝑐)   (2) 

 

The adsorption energy was computed using the Eq (1) and Eq (2), and as has been mentioned above, this was 

exergonic and therefore allows the PET adsorption on concrete, which can be used as evidence and a first approach to the 

possible formation of the PET-concrete composite. 

             

3. Computational methods 
The concrete nanostructure was modeled based on the model proposed by Ayuela and co-workers[4]. The concrete 

and the PET molecules were modeled using the Avogadro package[10] and optimized through the PBE[11] functional 

using the SIESTA software.[12] 

Finally, the composite was modeled and optimized at the same level as their components and based on the 

methodology performed by some of us[13]. The molecules were visualized using the Jmol software.[14] 

 

4. Conclusions 

Through the computational study of one nanostructured concrete model and two monomers PET system, the 

adsorption energies of PET on concrete were evaluated in the present work, which was exergonic and therefore can be 

formulated as a perspective a sustainable concrete using one of the principal waste in the world, applied to the construction 

industry. 
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