Petrography of Construction and Demolition Waste (CDW) from Abruzzo Region (Central Italy)
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Introduction. The “ceramic-like” construction and demolition waste (CDW) from the Abruzzo region were
characterised in this study to constrain their chemical, mineralogical and physical features. They represent the most
abundant CDW of the region and are mainly made of natural stones, concretes, bricks, perforated bricks, tiles and roof-
tiles. The knowledge of their physical and petrographic features are important to evaluate the possibility to sort them via
efficient and cheap methods, i.e. separate starting heterogeneous CDW in different groups with relative high
homogeneous characteristics.

Material and methods. The 18 single CDW samples considered here were collected in various cities and towns
of the Abruzzo region. They were divided in several groups according to their mesoscopic appearance and commercial
using (Table 1 and Fig. 1a). For each sample the texture, density, mesoscopic and powder colour were determined. The
identification and semi-quantitative (RIR method) amount of crystalline phases were analysed via X-Ray Powder
Diffraction (XRPD) (Fig. 1b). Based on the XRPD outcomes, the chemical compositions (major, minor and trace
elemental features) of 11 samples were obtained using a X-Ray Fluorescence Wavelength Dispersive Spectroscopy
(XRF-WDS) analysis (Fig. 1c, d).

Results and discussion. The colour (appearance), texture, density, mineralogy and chemical composition show
low to moderate similarities within each group (natural stone, concrete, brick, perforated brick, tile and roof tile) (Fig.
1a). The differences are instead high among different groups, especially between concrete plus natural stone versus the
other four groups (Fig. 1a). Typical concretes and natural stones from Abruzzo are white to grey, while the other CDW
groups are mainly coloured (Table 1 and Fig. 1a). Also, concretes and natural stones have moderate to high density (2 to
2.7 glcm®), whereas the other groups are instead more scattered, with a tendency to be close or lesser than 2 g/cm?®
(Table 1). All these mesoscopic features suggest that the separation of CDW from Abruzzo, as well as those from
similar geographical and geological regions, can only be poorly enforced using sorting based on density; conversely,
sorting procedures based on colour will be more efficient.

The mesoscopic and physical differences between concrete plus natural stones versus bricks, perforated bricks,
tiles and roof tiles reflect petrographic attributes. The former two one groups are rich (> 50 wt.%) to exclusively (100
wt.%) made up of calcite and obviously present high values (> 50 wt.%) of CaO and LOI, reflecting the high amount of
CO; of the carbonate aggregates (Figs. 1b, ¢, d). On the other hand, bricks, perforated bricks, tiles and roof tiles are
calcite-poor or -free and rich in crystalline and non-crystalline SiO; and silicate phases (Figs. 1b, c, d). Thereby, the
separation of concrete plus natural stones from bricks, perforated bricks, tiles and roof tiles in Abruzzo can be further
enhanced by a separation based on chemical compositions, since the former are CaO-rich and SiO»-poor, while the
latter show the inverse characteristics.

The amounts of the various crystalline phases in the CDW from Abruzzo are compared with those provided in four
previous studies performed on CDW from the Veneto region in north-east of Italy (Panizza et al., 2018), central Spain (Frias
et al., 2020), Portugal (Rodrigues et al., 2013) and southern part of Greece (Alexandridou et al., 2014). The mineralogy of
CDW concrete from Abruzzo is very similar to that analysed in southern Greece and relatively close to that coming from
Veneto. By contrast, the mixed CDW from Spain and Portugal show a low to moderate amount of carbonates (calcite +
dolomite) (Fig. 1b), probably reflecting the mixing of concrete with masonry materials, as well as different lithological
features characterising those geographical areas.

A further reappraisal of the similarities and differences between CDW from different regions worldwide can be
obtained through their chemical features. The concrete groups from Abruzzo and southern Greece (Alexandridou et al.,
2014) are both very rich in CaO and poor in SiO; + Al,Os, in line with XRPD outcomes (Fig. 1c, d); conversely, the three
CDW concrete samples from London (UK) (Limbachiya et al., 2007) are poor in CaO and rich in SiO». The former two
groups reflect the extremely high abundance of carbonate rocks in Central Italy and southern Greece, whereas those from
London mirror the paucity of carbonate rocks in this area

At the same time, all the CDW from other regions, made up of mixed CDW, have a content of CaO invariably
lower than that of SiO, + Al,O3, SiO, + MgO + Fe;03 and SiO, + Na;O + K,O (Fig. 1c, d). Again, these features reflect
both their mixed CDW signature and the scarcity of carbonate rocks from these areas. Finally, CDW from Abruzzo is
strongly different from that sampled in Ferrara, Emilia-Romagna region, although these two areas are located at a distance
of only few hundreds of km and with a very similar architectural styles. The abundance of carbonates rocks in Abruzzo and
their scarcity in the Po River plain settlements determine this significant variability between these two Italian regions.

These petrographic characterisations argue on the necessity to investigate the petrography of CDW at a local level
to identify their main chemical and mineralogical features, to design sorting procedures based on their petrography.
Conclusions. Geographical areas rich in limestone can be expected to share similar CDW features, i.e. abundance of
high density and whitish to pale grey concretes coupled with scarcity of CaO- and carbonate-poor phases with moderate
to low density and mainly coloured. These aspects are relevant for the sorting of CDW in areas rich and poor in
limestones.
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Table 1. Mesoscopic and physical features of CDW samples from the Abruzzo region

groups concrete natural stone brick | tile | roof tile perforated brick

sample MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA- | MPA-

P 03 10 13 18 08 19 02 04 14 07 11 17 09 12 16 01 05 15

. havan havan | havan fire- fire-

mz;cigsc bulk grey grey grey grey white grey havana | havana a grey a a brick brick ocher | havana red ocher
color poevrvd white white | havana | havana | white | havana | havana | havana ha\;an grey ha\éan ha\éan red red havana | havana red havana
texture porphy | porphy | porphy | porphy | aphani | porphy | porphy | porphy | aphani | aphanit | aphani | aphani | aphanit | aphani | porphy | aphanit | aphani | porphy

ric ric ric ric tic ric ric ric tic ic tic tic ic tic ric ic tic ric

density (g/cm3) 2.49 2.03 2.24 2.02 2.74 2.1 2.01 2.25 17 2.08 1.83 23 2.09 2.22 171 1.82 1.94 173

Fig. 1. a) mesoscopic (bulk and as-received) samples of CDW collected in the Abruzzo region (Central Italy), and resulting powder
samples; b) semi-quantitative content of crystalline phases (wt. %) in the Abruzzo samples and different provenance worldwide, 1*
refers to Alexandridou et al, 2014; c, d) Major chemical oxides of CDW made of concrete (c) and made of masonry and ceramics (d)
from different provenance worldwide.




