Crystal-chemical variations of CDW as a function of grain-size via XRPD,
XRF and ATR-FTIR characterisations: towards an effective reuse

Giovanna Montesano'?, Paola Stabile®, Andrea Bisciotti*, Gianluca Bianchini*, Francesco Radica'?, Michele
Menna', Michele Ciulla®? Luca Terribili!, Arianna Casarin'? Gian Marco Salani', Pietro Di Profio®, Massimo

De Vincentis®, Samuele Biondi"?, Giovanna Vessia'?, Eleonora Paris’, Giuseppe Cruciani®, Gianluca Iezzi?*’

"Department of Engineering and Geology (InGeO), University G. d’ Annunzio of Chieti-Pescara, Chieti (Italy)
*UdA-TechLab, Research Center, University G. d’ Annunzio of Chieti-Pescara, Chieti (Italy)
*School of Science and Technologies, Geology section, University of Camerino, Camerino (Italy)
“Department of Physics and Earth Science, University of Ferrara, Ferrara, (Italy)
*Department of Pharmacy, University G. d’Annunzio of Chieti-Pescara, Chieti (Italy)
®E-Lab s.r.l., Cepagatti (Italy)
’INGV-National Institute of Geophysics and Volcanology, Rome, Italy
Keywords: CDW, ATR-FTIR, XRPD, XRF.

Presenting author email: giovanna.montesano@unich.it

Construction and Demolition Waste (CDW) represent one of the largest waste streams in EU, accounting for more
than one third of all waste. CDW are highly heterogeneous, originating from buildings, infrastructures, and civil
engineering works, as well as debris generated by natural disasters such as earthquakes, landslides, and floods.
After collecting, CDW are typically processed macroscopically in industrial plants to remove metals, plastic,
textiles and organic materials; the remaining ceramic and mineral fractions - such as natural stones, mortars,
concrete, tiles, bricks, etc. - are then stored (Blengini and Garbarino, 2010). Recycling and reusing CDW will
significantly enhance the sustainability of the construction sector by reducing environmental pollution, soil and
geo-resource consumption, and landfilling. Their reuse could potentially limit the extraction of natural raw
materials (NRM). They could be reused in the construction sector, leading to a significant reduction in NRM
extraction. However, they are generally employed in lower-value applications (i.e., downcycling), such as
backfilling and road sub-bases, or sent to landfill disposal, mainly because of their heterogeneous nature compared
to their homogeneous natural counterparts (Pacheco and Brito, 2021). Indeed, their key physical-mechanical
properties, such as porosity, water absorption, density, compressibility, flexibility, etc., are poorly predictable,
highly variable, and depend on the chemical and mineralogical attributes of the construction materials typical of
each region (Galderisi et al., 2023).

Their intrinsic heterogeneity and variability persist after industrial treatment, which consists only of
comminution and sieving. Their effective reuse relies on sorting into multiple sub-populations, with homogeneous
and well-known physical-mechanical features that can be rationally conveyed in specific applications, for instance,
recycled-aggregate concrete (RAC). Such reuse is feasible only if they are sorted in an economical and industrially
implementable way. Currently, the reused or recycled materials obtained from CDW show reduced and variable
mechanical performance compared to those produced using NRM (Rodrigues et al., 2013). Overcoming this
limitation requires a thorough understanding of their crystal chemistry (Galderisi et al., 2023). Ceramic-like CDW
are mostly characterised using XRPD (X-ray powder diffraction), XRF (X-ray fluorescence), TOM (transmission
optical microscopy), SEM (scanning electron microscopy), and EPMA (electron-probe microanalysis). However,
they require lengthy, accurate sample preparation and measurements, whereas industrial sorting must operate in
fractions of a second on unprepared specimens. In parallel, the variations of CDW as a function of grain-size are
largely undefined.

To explore these aspects, here classical XRPD and XRF analyses were coupled and compared with
Attenuated Total Reflectance-Fourier Transform InfraRed spectroscopy (ATR-FTIR) in the Mid-InfraRed (MIR;
400 to 4000 cm™1) range. Analyses were performed on two CDW from Italy’s different geographical and
geological contexts: Macerata (MCM), a perimountain area recently affected by earthquakes, and Ferrara (FEM),
representative of the Pianura Padana. Both these CDW were sampled in industrial plants and sieved from < 0.063
mm to >16 mm (10 classes for MCM) and from < 0.063 mm to > 32 mm (12 classes for FEM). Each grain-size
population was powdered and analysed by XRPD and XRF, revealing the coexistence of many crystalline,
amorphous and chemical components in each specimen, with several phases showing grain-size dependent
enrichments or depletions. Carbonates are more abundant in MCM, whereas framework and sheet-silicates
dominate in FEM; phases related to hardened cements were also detected by XRPD.

These results were then used to constrain the ATR-FTIR spectra, rapidly obtained on the same powdered
specimens. Spectra from both sites roughly show similar, often broad and composite bands (Fig. 1), with the main
differences lying in band intensities and areas. The measured spectra were compared with reference ATR data and
fitted with the fewest possible Pearson VII components to reproduce them rationally (Fig. 1). This approach yields
crystal-chemical information for specific IR bands associated with crystalline and amorphous phases, including
carbonates, silicates, CSH phases, and sulphates. Representative ATR spectra (Fig.1a-b) show similar carbonates
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and silicate band positions below 1600 cm™, but different intensity and area%. In both CDW, this MIR region
features i) two narrow peaks at ~ 712 and 873 cm™ and a broad peak at ~ 1400 cm™ consistent with calcite (from
RRUFF ID: R040070), ii) a broad multicomponent band at ~ 400-500 cm™ related to SiO, tetrahedra deformation,
iii) a broad multicomponent feature at ~1000-1100 cm™ overlapping with the main Si-O stretching vibrations
(Chukanov, 2014). CSH-related ATR bands appear in the MIR region, especially above 1600 cm™, marked by i)
two single peaks at ~ 1700 and 2500 cm™ (H-O-H bending vibration of molecular H,O or hydroxyls, and ii)
multicomponent peaks from ~ 2800 to 3700 cm™ due to O-H groups stretching vibrations in H,O or hydroxyls
(Chukanov, 2014). Grain-size strongly influences the carbonate-silicate system in MCM samples, where carbonate
content increases with increasing grain size (Fig. 1a). In contrast, FEM shows no clear grain-size control:
carbonates first increase and then decrease in the coarser fractions (Fig. 1b).

These results show that ATR-FTIR furnishes a rapid and valid alternative for capturing the key crystal-
chemical attributes of CDW and can readily quantify carbonate, silicate, and CSH phases. If adequately
constrained, IR spectroscopy enables rapid identification of key-phases typical of the materials within CDW.
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Figure 1. Left) Representative ATR spectra from MCM (a), FEM (b), and from literature, right) fitted
spectra. Acronyms: cal=calcite; dol= dolomite; msc= muscovite; anor= anorthite; qtz= quartz; san= sanidine;
orthoc= orthoclase; microc= microcline; anh= anhydrite; gp= gypsum; CSH= Calcium Silicate Hydrate.
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