RCA (recycled concrete aggregate) through time: a textural, mineralogical,
chemical, leachate and vibrational spectroscopic study
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The building and construction sector has the greatest demand for raw materials, consequently it is also one
of the largest sectors for waste generation, namely construction and demolition waste (CDW). Consequently,
several national and international authorities are promoting policies to recover and recycle CDW to mitigate further
excavation of raw materials and the demand for new landfill sites. Given the amount of CDW, they must be reused
as secondary raw materials in the construction sector (Silva et al., 2014). However, the production and the
implementation in the building sector of recycled aggregates is still a scarce practice in Europe and worldwide.
Recent reports (UEPG, 2021) indicate that Germany, France and England are among the most virtuous countries
concerning the production of RA with percentages barely reaching 15-20%. On the contrary, other European
countries have very little to none output rates (UEPG, 2021). The case of Italy is emblematic, despite legislation
and policies aimed at this practice (e.g. CAM, 2015), in the same year, the reuse of RA accounts to 0% (UEPG,
2021). According to (EUCDWMP, 2016), several factors influence the scarce diffusion of recycled concrete
aggregate (RCA) for the production of recycled aggregate concretes or mortars (RAC and RAM): i) the higher
costs of processing, ii) the lack of confidence among the stakeholders and most notably iii) the difficulty of finding
homogeneous secondary raw material (SRM) supplies for long periods of time (EUCDWMP, 2016). In addition,
the mechanical properties of RAC and RAM produced with SRM are strongly affected by the crystal-chemistry
and textural/petrographic attributes of phases composing the RA (e.g. Galderisi et al., 2023). In this framework,
the recent End of Waste policy (EOW, 2022) has fostered Italian small and medium companies to increase the
production of RA by facilitating the certification and marketing of RCA secondary raw materials.

Here, we focus on the crystal-chemical attributes of RCA and their temporal variations, i.e. 6 months,
produced at a company in central Italy (Martinsicuro, Abruzzo Region). The site is located in the Abruzzo Region,
Central Italy, near the Tronto River, on the border between the Marche and Abruzzo regions. Its geological context
is characterised by the diffuse presence of limestone bedrock (central Apennine Mountains), which supplies the
material for the alluvial river plain; these natural materials have been and still are the main source of aggregates
used to produce concretes and mortars in this geographical area. The RCA comes from the dismantling of a
neighbouring structure and from the leftovers from concrete pours. Thereby, the produced RAC derive from a mix
of two similar but different sources. The eight comminuted RCA were considered to measure their i) chemical
(XRF: X-ray Fluorescence), ii) mineralogical (XRPD: X-ray Powder Diffraction), iii) qualitative
textural/petrographic (TOM: transmission optical microscopy), iv) vibrational spectroscopic (ATR-IR: Attenuated
Total Reflectance Infrared Spectroscopy), v) combined thermal and calorimetric (TGA-DSC: thermo-gravimetric
analysis - Differential Scanning Calorimetry), vi) leachates (electrical conductivity, pH and released elements) and
vii) selected mesoscopic physical (apparent and real densities, open porosity and water absorption) variabilities.

XRPD results indicate that the eight RCA have a low mineralogical variation through time, with calcite
invariably > 65 wt.%, followed by quartz > 12 wt.%, plus feldspars and sheet silicates in minor abundance. In line
with those results, XRF analysis shows that CaO is the most abundant oxide (45.8/39.4 wt.%), followed by LOI
(37.4 and 30.8 wt.%) and SiO; (21.1 and 12.2 wt.%), with a clear anti-correlation between CaO and/or LOI versus
SiO». The textural attributes are almost constant across the eight RCA, consisting of carbonate aggregates up to 4
cm in size, immersed in a greyish cementitious paste. Combined TGA-DSC shows a weak, continuous weight loss
up to 600 °C, followed by a marked weight loss around 700 °C, which can be ascribed to decarbonation of
limestone in the aggregates; these thermal features also correspond to endothermic reactions. ATR-IR also marks
the abundant presence of calcite and silicate aggregates, but also furnishes a straightforward indication of CSH
phases composing the cementitious pastes, i.e. the attached mortar. The three ATR peaks at 710, 870 and
1410/1420 cm'* are clearly indicative of calcite (eventually also dolomite), whereas the low-intense ATR peaks at
450/550 and 780/800 cm* are indicative of one or more tectosilicate and/or sheet-silicate phases. Additionally,
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several bands attributed to the CSH phase(s) were detected at high wavenumbers around 3400 cm™. The abundance
of any leachate chemical species is well below the detection limits imposed by the Italian legislation (EOW, 2022).

Although the eight RCA specimens have a homogeneous macroscopic appearance, they exhibit several
mineralogical and geochemical variations (Fig. 1); a similar situation is observed via their ATR analysis. These
variabilities are imputed mainly to the carbonate vs tectosilicate ratio present in the aggregate fraction, as well as
to the abundance of still attached old mortar. In detail, Figure 1 shows the variation over time of selected
mineralogical phases and oxides, where SAMICA_D and SAMICA_G represent the two end-members;
SAMICA D has the highest carbonates+sheet-silicates content coupled with a high CaO and LOI contents, while
tectosilicates are the lowest. On the opposite side SAMICA_G shows the opposite situation (fig. 1).

Despite band assignment and phase quantification from ATR spectra of a composite inorganic material is
usually quite complex, the results from FTIR based techniques in this work are potentially scaled at industrial level
due to their low-energy requirements and fast response.
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Figure 1. Comparisons of the salient chemical and mineralogical results on the studied eight RCA
samples over time. Carbonates (mainly calcite), CaO, LOI and carbonate + sheet-silicates (mainly
muscovite/illite) follow very similar trends opposite to that of tectosilicates (framework silicates).
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