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Abstract 

Huge amounts of sludge waste are produced every day during the sawing and processing of 
carbonate ornamental stones. Most of these materials are landfilled and create serious 
environmental and health hazards. Thus, it is mandatory to find alternative solutions to recycle 
them. Since calcium carbonate is the most widely used mineral filler for interior and exterior 
emulsion paints, this investigation focused on the feasibility of trying out innovative methods of 
circular economy in a waste processing area. Focusing in the Orosei Marbles’ producing area 
(North-East Sardinia, Italy), the aim of this study was to compare the performance of water-based 
paints, through the use of marble sludge waste, as mineral fillers, rather than commercial CaCO3. 
According to standard normative tests were carried out on paint samples, prepared according to 
an experimental formulation, after a preliminary chemical and physical characterization of the 
fillers. The results indicate that the marble sludge waste can be successfully used as mineral filler 
in water-based paints, and that it requires only light pre-treatments consisting of deagglomeration 
and mechanical dispersion in a wet medium, thus confirming its environmental and economic 
benefits. 
 
Keywords: marble sludge, calcium carbonate filler, water-based paint, dimension stone, circular 
economy, stone industry sustainability. 

 

1. Introduction 

After stalling due to the SARS-CoV-2 pandemic, the Dimension Stone Industry is increasing 
again: the world net product could exceed one hundred million tons in 2025 [1]. However, we 
have to take into consideration that the world gross quarrying production was about 316 million 
tons in 2019; about 53 % of that amount, however, is regarded as quarrying waste. 
With regards to the stone-processing stage, we have noticed that the world production has reached 
more than ninety million tons, and consequently this means that more than sixty-three million 
tons of stone-processing scraps is produced. Therefore, we can say that, on a global level, if the 
quantity of material extracted in the quarry is 100, the total percentage of waste is about 73 % [2]. 
This raises a substantial problem from the environmental, economical and social point of view. 
With regards to commodities, carbonate stones (such as marble, limestone and travertine) account 
for 58 percent of the whole production of dimension stone, followed by granites (38 %) and other 
stones (as basalt, trachytes, sandstones, etc.). The latest statistics [1] indicate that the yearly 
production of carbonate stone waste/scrap by the dimension stone industry amounts to 174 million 
tons; however, only a small portion of it has a high grade (> 95 %) of calcium carbonate. 
The last sixty years have seen an increasing development of the Sardinian ornamental stones 
sector through a spontaneous process of growth of an important number of small and medium-
sized enterprises, mainly active in the Northern Sardinia area (granite sector) and in the marble 

https://biblioproxy.cnr.it:2114/topics/engineering/health-hazards
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area of Orosei (which is shown in Fig. 1), North East Sardinia [3]. In both mining districts, the 
companies mainly deal with the quarried materials extraction and processing. 
Ornamental stones companies have to face the economic burden of their waste disposal (about 
270,000 t per year in the producing area of Orosei); these materials mainly consist of non-
commercial blocks (due to their poor quality), unshaped blocks (unsuitable to block cutter 
sawing), rubble, crushed slabs/strips/tiles and sludges derived from the water treatment plants [4]. 
The latter, consisting of micro-fine sawdust sludge (about 12,000 t per year in Orosei), has over 
time been considered as real waste and therefore landfilled. This solution is not no longer 
compatible with the increasing and pressing need for environmental care and eco-sustainability.  
Following this perspective, in the recent past many researchers have undertaken studies for the 
re-use of this kind of "waste" in specific industrial sectors linked with building. The first step of 
the research focused on the building sector. State of the art in recovery and utilization of carbonate 
sawdust mainly relates to its use as a substitute for more expensive ingredient in the building 
sector [5, 6]. Marras et al. [7], André et al. [8] and Martínez-Martínez et al. [9], have reported the 
feasibility in adding marble industry scraps in concrete admixtures, while Topçu et al. [10] and 
Felekoğlu [11] in self compacting concrete, Gencel et al. [12] in concrete paving blocks, 
Buyuksagis et al. [13] in cement-based adhesive mortar, Marras et al. [14] in gypsum plaster and 
Marvila et al. [15] in cementitious ceramic. Applications in red ceramic have been investigated 
by Montero et al. [16] and Devant et al. [17]. Some studies have been carried out in brick ceramic 
field [18-20]. Further investigation has regarded porcelain stoneware [21], artificial stone slabs 
[22] and composites [23]. Table 1 summarizes the percentages of carbonate sludge used in the 
main studies cited above. 
 
Table 1. Carbonate sludge percentages used in the main studies (ordered by year) 

Authors Product Range of carbonate 
sludge content [% by 
weight] 

Original carbonate 
stone 

Díaz and Torrecillas, 
2007 [21] 

Ceramic blocks 100 dunite-serpentinite 

Felekoğlu, 2007 [11] Concrete 20 - 38 limestone 
Saboya et al., 2007 [20] Ceramic bricks 5 - 20 marble 
Montero et al., 2009 
[16] 

Ceramics 15 - 35 marble 

Topçu et al., 2009 [10] Concrete 5 – 30 marble 
Marras et al. 2010a [19] Ceramic bricks 3 - 10 limestone 
Marras et al., 2010b [7] Concrete 5 - 15 limestone 
Devant et al., 2011 [17] Ceramics n.a. marble 
Galekatis et al., 2012 
[5] 

Paving blocks 18 - 52 limestone 

Gencel et al., 2012 [12] Paving blocks 10 – 40 marble 
Buyuksagis et al., 2017 
[13] 

Bonding mortars 14 - 74 marble 

Marras et al., 2017a 
[14] 

Gypsum plaster 5 - 15 limestone 

Singh et al., 2017 [6] Cement 10 - 25 marble 
Cobo-Ceacero et al., 
2019 [18] 

Ceramic bricks 2.5 - 10 marble 

Martínez-Martínez et 
al. 2020 [9] 

Clinker 2.5 - 10 limestone 

Pappu et al., 2020 [23] Composite materials 60 marble 
Marvila et al., 2021 
[15] 

Cementitious ceramics 2 – 10.5 marble 

 
All the above-mentioned applications involve a huge amount of materials to be reutilized, 
although with low economic value, being all building products.  
For this reason, the aim of the research is to demonstrate the feasibility of reusing these marble 
scraps in the production of high value-added products [24].  
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Currently, no other mineral pigment provides an overall performance equal to that of ground 
calcium carbonate (GCC) - the high calcium type - and it is the most extensively used in the 
largest number of industries [25]. With regards to this point, this investigation moved to high 
economic value areas such as tyre one, with a particularly encouraging outcome [26]; the current 
study turns then to the paint sector, in which the calcium carbonate content accounts for 50 – 70% 
of the emulsion paint used for interiors.  
In paint, GCC is used as extender and filler to improve hiding power, brightness, washability and 
application properties, and to reduce consumption of expensive pigments, such as titanium 
dioxide [27-28]. An estimated 8.8 Mt of GCC and PCC were used for the production of paint in 
2011, nearly all of which in architectural products. The majority, 6.95 Mt, was in the form of 
GCC [27]. 
According to ISO 4618: 2014 and EN ISO 3262-1, extenders/fillers are materials in granular or 
powder form, practically insoluble in the application medium and used as a constituent of paints 
in order to modify or influence certain physical properties. It is therefore clear that fillers not only 
offer economic advantages, but also they are capable of bringing technical-applicative properties 
to the final formulations. Fillers strongly affect some of the main final properties of paints, 
including rheological properties, hiding power, mechanical properties, chemical resistance, 
resistance to atmospheric agents (and therefore durability) and colorimetric properties [29-30].  
It should be noted that the market value of dry GCC with an average particle size of 4-9 microns 
is about 80 €/t (FOB price, bagged) [31-32]. 
For this reason, this high market value of micronized CaCO3 has now driven researchers into 
experimenting the re-use of this micro-fine sludge, provided that its characteristics meet the 
industrial, sometimes rigid, standard requirements.  
Mineralogy, physical characteristics such as whiteness index, pH, oil absorption, granulometric 
properties such as shape, size and particle size distribution, play a very important role in the 
performance of the paints, especially for their weathering resistance in low pH environments. 
According to this concept, the marble sludge (MS) was analyzed in order to compare its properties 
with the GCC [33-34].  
After verifying compatibility between MS and GCC, the experimental phase began in cooperation 
with a Sardinian paint producer Company. Two white wall paints for interiors were characterized 
and compared, introducing MS instead of GCC. 
 

2. Geological settings 

 

Figure 1. Aerial view of Orosei Marble basin (source: Google Earth – own elaboration) 
 
The Orosei Marble, which is associated with the Formation of M. Bardia emerges on the eastern 
and southern slopes of Mount Tuttavista (locality Oroe), in the Municipality of Orosei where an 
important extractive basin of stone materials for ornamental use is developed. These quarries are 
located on the Mesozoic limestones unearthed following the excavation of the Pleistocene 
conoids. These ornamental rocks, known as Orosei marble, are sold under the name of "Marble"; 
however although this term is commercially acceptable, it is geologically improper, since it is a 
non-metamorphic limestone. These "Marbles", once cut and polished, are placed on the market 
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with the generic commercial name of "Biancone Tirreno", but the remarkable lithological variety 
allows them to be differentiated in relation to the textural differences (e.g.: Perlato, Nuvolato, 
Venato, Brecciato) and colors (from light to dark beige). Currently, the commercial lithotype 
named “Fiocco di neve” (snowflake), which is characterized by a cream color tending to white, 
is the market’s most requested range [35]. 
All these materials are used all over the world and exported to all continents to be used both 
indoors and in the external cladding of buildings, in urban planning works as well as for urban 
furniture, for the creation of sculptures and pubblic art. 
The main lithotypes emerging in the area are bioclastic and ooid calcarenites/calcirudites (with 
typically bimodal ooid grainstone), mostly in centimeter/decimetric layers. The layers are often 
graded and erosive based and they result in parallel to crisscrossing at a small angle. The most 
common granules are ooids, foraminifera, algae, ketetide and mollusc bioclasts, coated grains, 
oncoids. Sometimes small ketetide bioconstructions may be present. In the coarser levels without 
micritic matrix it is possible to observe pores filled with calcite (like keystone vugs). Sub parallel 
fractures (sheet cracks) or transverse to stratification, discontinuous and with micritic granular 
fillings and/or sparitic cements, attributable to early and synsedimentary diagenesis phases are 
very frequent [36]. 
The macro-fossil content consists of frequent colonies of hexacorals and porifers (including 
ketetids and stromatoporids), gastropods (in particular nerineids), bivalves (including diceratids) 
and corals. In the upper part, microfacies with ostracods, oogones of caraceous algae, and benthic 
foraminifera prevail, including miliolides. The age established mainly on microfacies, in 
particular foraminifera and green algae, would extend from the Kimmeridgian to the lower 
Berriasian according to Dieni and Massari [37-38]. Recent biostratigraphic analyzes have shown 
a distribution between the upper Titonian and the lower Valanginian.  
 
 

3. Materials and Methods 

3.1 CaCO3 characterization 
As mentioned in the introduction, the MS suffered the same characterization analyses as GCC 
[34]. 
The MS sample has been collected at the end of the filter press section in a factory belonging to 
Orosei marble district. Before starting the analysis phase, MS samples, containing about 25% 
moisture, were dried in oven at a temperature of 110 ± 5°C until they reached the constant weight, 
and then quartering reduction was made, in order to obtain representative samples.  
Specimens were measured for major elements by an X-Ray Rigaku Spectrometer (mod. Primus 
IV) on pellets (about 4 g). Using the instrument software, the concentrations were calculated by 
fundamental parameters method, after calibration with international standards set.  
Diffractometric analyses were performed on powdered samples (micronized in agate jar and 
grinded below 63 µm) using a Rigaku MiniflexII X-ray diffractometer operating with Cu 
anticathode, voltage of 30 kV and 15 mA of current. Raw data have been processed using Match 
Crystal Impact software recognising the mineralogical phases by comparison with the ICDD 
(International Centre for Diffraction Data) database [39]. In order to maximize the resolution, the 
XRPD spectrum was collected with a speed of 0.2°2ϑ/min sampling at each 0.02°2ϑ. 
The particle size distributions were determined using a laser light scattering analyzer CILAS 1180 
(Orleans, France).  
Apparent specific weights were determined by a Micromeritics AccuPyc II 1340 He Pycnometer 
in accordance with EN 1097-7 [40].  
Thin layers of MS and GCC were spread on a stub and graphitized by LEICA EM SCD005 
apparatus equipped with a CEA035 carbon evaporation supply. 
SEM observations of the samples were carried out using a Zeiss Evo LS15 Scanning Electron 
Microscopy equipped with tungsten filament as electron source. 
Colorimetric measurements were carried out by using a Konica Minolta CM-700d 
spectrophotometer (illuminant D65). The instrument has been adjusted to repeat the measurement 
6 times on each point: for each sample eight points have been identified and measured. The results 
were evaluated as L* (brightness), a* (redness colour), and b* (yellowness colour) coordinates. 
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The total colour difference ΔE was calculated according to the CIE-76 and CIE-2000 colour space 
standards [41-42]. 
 
3.2 Water-based paint mix-design 
The white wall paint for interiors recipe was studied and designed together with the paints 
producer Company; the components are listed in Tab. 2, with the alternative replacement of GCC 
with MS.  
The constituents were mixed in the same order in which they appear in table. Each ingredient was 
weighted, gradually combined in a mixer to form a homogeneous paste.  
The first emulsion was obtained adding GCC and was named EDI; the second emulsion based 
from MS was named ORO, and since the MS was delivered dehydrated and in compacted lumps, 
the sample required a light pre-treatment consisting of deagglomeration and mechanical 
dispersion in a wet medium.  
 
Table 2. White wall paint for interiors recipe [kg] 

White washable wall paint 
Constituent kg Weight [%] Progressive 

(kg)(kg) H2O 2.614 26.14 2.61 
Orgal PST 65 0.818 8.18 3.43 
Till-Disp 0.011 0.11 3.44 
Tioxide TR 92 0.318 3.18 3.76 
Talc CHB2 0.227 2.27 3.99 
CaCO3 (GCC or MS) 5.691 56.91 9.68 
Tillplast STA 0.068 0.68 9.75 
Butylglycules 0.034 0.34 9.78 
Ammonia 0.023 0.23 9.8 
Sodium Hypochlorite 0.136 1.36 9.97 
Anti-bubbles 0.025 0.25 9.97 
Intercid Cmed 0.009 0.09 9.97 
Carbocell 0.025 0.25 10.00 
Total 10.00 100.00 10.00 

 
Paints are composed by pigments, binders, solvents, additives and extenders/fillers [43].  
Binders create a film that protects the substrate and keeps the pigment in place:  

• ORGAL PST 65 is a commercial styrene acrylic copolymer emulsion introduced to form 
soft and elastic films when dried above 0°C. Exhibits very good elasticity, water 
resistance, tensile strength and adhesion.  

Pigments give the colour of the finished product:  
• TIOXIDE TR92 is a multipurpose white pigment of titanium dioxide, characterized by 

high opacity giving an excellent hiding power.  
Solvents affect the application of the coating by thinning the paint, allowing it to be brushed or 
sprayed. Once on the substrate, the solvent evaporates leaving the dry film containing the binder 
and pigment. In this case multicomponent solvent mixture was used, particularly:  

• DISTILLED WATER.  
• BUTILGLYCULES is an excellent co-solvent in aqueous coating systems (water-based 

paints).  
• AMMONIA is a basic aqueous solvent, pH stabilizer, and has the advantage of slowing 

down the chemical degradation of the thickener.  
Additives and fillers are used to customize the properties of the paint:  
• CARBOCELL is used as water-retentive and tissotropic agent. 
• SODIUM HYPOCHLORITE is used on a large scale as a disinfectant.  
• INTERCID CMED is a family of isothiazolinone (chloro-methyl and methyl isothiazolinone) 

and ethylenedioxydimethanol (EDDM) combination based biocides.  
• TALC is used as filler and extender providing reinforcement.  
• ANTIBUBBLES avoid air-bubble formation acting on surface tension reduction.  
• TILL-DISP promotes the particle dispersion and their wettability favouring the paint stability.  
• TILLPLAST STA enhances the paint elasticity.  
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• CaCO3 (GCC and MS) is used as filler, white pigment and extender also providing coating 
reinforcement.  

 
3.3 Experimental phase 
The paint samples of ORO and EDI suffered four specific characterization tests, according to UNI 
EN ISO 10795, that are the same used from the paint Company in order to commercialize their 
water-based paints, as follows: alkali resistance, paint hiding power, paint dirt pick-up and wet 
scrub resistance. 
In addition, a qualitative evaluation was made in order to verify the workability and durability of 
our samples (hand-brushing test). 
 
3.3.1 Alkali resistance 
This parameter refers to the property of a paint that describes its ability to resist fading, 
discoloration or deterioration when exposed to alkaline substances, i.e. low pH.  
The alkali resistance tests were carried out according to the UNI 10795:1999 standard [44]. 
Specimens films (200 microns thickness) of both paints (EDI and ORO) were prepared and cured 
for 28 days in a climatic chamber (Angelantoni mod. Discovery DY250) at a temperature of 23 ± 
2 °C and a relative humidity of 50 ± 5%. 
After completing the first curing cycle, the specimens were immersed one part in deionized water 
for about 100 mm of immersion, the second part in a 0.5 M sodium hydroxide solution inside 
hermetically sealed glass containers and stored at 23 ± 2°C for 15 days. 
At the end of the retention period, the consistency and appearance of the film have been visually 
evaluated. The results have been related to the classification reported by the technical normative 
following the scheme reported in Tab. 3. 

 
Table 3. Alkali resistance classification [44] 
 
 

 

 

 

 

3.3.2 Paint hiding power  
Hiding power is the ability of pigmented paints to cover the colour or the colour differences of a 
background; it also has pigment properties. The value is determined by photometric methods.  
The procedure indicated in the UNI 11271:2008 standard [45] was followed, using the method A. 
The standard specifies a method for evaluating the hiding power of white or light-colored 
emulsion paints. One hundred parts per mass of paint are diluted with 10 parts by mass of distilled 
water and applied on a black and white support with a wet film thickness of about 100 
micrometers. 
After the preparation of specimens on Leneta's white/black cards, they were subjected to a curing 
period of 28 days in the climatic chamber at a temperature of 23 ± 2 °C and a relative humidity 
of 50 ± 5%. 
At the end of the curing, the tristimulus Y values on white and black areas have been measured 
using the spectrophotometer and their percentage contrast ratio was calculated (RC).  
The data were compared with the values reported in the reference standard table (Tab. 4). 
 
Table 4. Paint hiding power classification [45] 
 

Classification Tristimulus Y Value(Rc) 
Great ≥ 98 % 

Classification Observations 

Alkali resistant paint It can be also applied on cement substrates 

Not alkali resistant paint Check the substrate alkalinity before application 

Paint not resistant to water immersion Alkali resistance determination not possible 
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Good ≥ 96 - < 98 % 
Medium ≥ 93 % - < 96 % 

Not sufficient < 93 % 
 
3.3.3 Paint dirt pick-up  
The factors that influence the tendency of coatings to collect dirt are complex and multiple and 
depend also on the environmental conditions.  
The correct mix-design of the coating, through the choice and proportion of the components (e.g. 
binders, fillers, pigments and additives) as well as their physical characteristics, can guarantee a 
high paint performance, minimizing the problem of dirt pick-up mostly on external coatings.  
The paints dirt pick-up measurements were carried out in accordance with the reference standard 
UNI 10792:1999 [46].  
The specimens were prepared with a spiral-type film stretcher, calibrated with a bar for the release 
of a film thickness of 200 microns, on Leneta cards and then conditioned for 28 days in the 
climatic chamber at a temperature of 23 ± 2 °C and a relative humidity of 50 ± 5%. 
At the end of the curing phase, the specimens have been half immersed in an aqueous solution of 
carbon black pigment (Corax N326) for 30s ± 1s, after they have been rinsed and dried for 24 h. 
At the end of the drying phase, the different brightness (ΔL index) between the two parts of the 
Leneta card has been evaluated. The final values for EDI and ORO paints were the averages 
compared with those reported in classification reference standard (Tab. 5). 
 
Table 5. Dirt pick-up classification [46] 

Classification ΔL 
Very Low  ≤ 3 

Low 3 ÷9 
Medium 9 ÷15 

High > 15 
 
3.3.4 Wet scrub resistance 
The tests were conducted on EDI and ORO specimens in duplicate, according to UNI 10560:1996 
[47], using brush method. This test is necessary to determine the number of washing cycles, with 
brush and surfactant solution, which cause the removal of the film and the uncovering the interior 
paint substrate. 
The obtained mean values were compared with the classification table according to standards 
(Tab. 6). 
 
Table 6. Wet scrub resistance classification [47] 

Classification Reference values 

Excellent wet scrub resistance > 5000 

Wet scrub resistant 1000÷5000 

Suitable for applications that do not require wet scrub resistance < 1000 

 

3.3.5 Hand-Brushing test 
A qualitative evaluation of the brush strokes was done after two years to assess the workability, 
durability and homogeneity of the paints, when applied in double coating on the vertical surface 
of an outdoor concrete pillar in an industrial warehouse.  
 

4. Results and discussion 
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4.1 GCC and MS chemical-physical characterization and their comparison 
The GCC is a calcium carbonate with rhombohedral structure (Calcite) of excellent quality, 
derived from calcareous rocks of a sedimentary nature in the territory of the province of Trapani 
(Italy). 
A comparison between GCC and MS chemical composition and physical properties is reported 
in Tab. 7, being general filler requirements for paint industry.  
 
Table 7. Chemical composition and physical properties of MS and GCC 
 

Parameter MS GCC 

CaCO3 [wt %] 99.14 98.67 

MgCO3 [wt %] 0.94 0.37 

SiO2 [wt %] 0.15 0.15 

Fe [wt %] 0.02 0,005 

Loss of Ignition [wt %] 43.91 43.88 

pH in sature water solution 9.20 8.36 

Specific weight (on the granulate) [kg/dm3] 2.71 2.71 

Hardness [Mohs] on the granulate 3 3 

Oil intake (cooked linen) [%] 19.46 19.40 

Distilled water intake [%] 27.62 27.50 

Luminance Y [%] 95.32 94.02 

 
 
Some of the peculiar characteristics should be outlined: uniform particle size distribution, that 
allows an excellent uniformity and constancy of behaviour by mixing homogeneously and 
assuming the prerogatives of the products with which it is mixed, low apparent specific weight, 
low absorption, which allows a saving of binders, excellent whiteness. 
Underlining that the average particle diameter for calcium carbonate in emulsion paints rounded 
0.9 ÷ 70 micrometers, this physical property is fulfilled for both MS and GCC distribution, as 
shown in Fig. 2.  
 

 

 
 

Figure 2. Granulometric distribution curves of MS and GCC 
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As verified by previous studies [33, 48], it is important to emphasize, that although there may be 
differences in the processing cycle of blocks and slabs (sawing, size-cutting, surface-finishing), 
the sludge always presents almost identical/very similar particle size curves. 
Both MS and GCC exhibit a XRPD pattern where CaCO3 is the quite exclusive mineralogical 
phase apart from extremely small amount of dolomite in both samples (Fig. 3 a and b), highlighted 
by the presence of the I/I0 = 1 peak at d = 2.883 Å (31.62 °2q) while the other principal reflections 
(e.g. I/I0 = 0.6 and I/I0 = 0.50 peaks) are overlapped by the predominant CaCO3 phase. This 
mineralogical composition reflects the MS and GCC chemical composition (see Table 7). 
 

a) 

b) 
 

Figure 3. XRPD pattern of GCC a) and MS b) 
 
SEM image shows that both GCC and MS have particles from angular to sub-rounded. The 
dimensional distribution is quite bimodal ranging from micrometric and prevailing sub-
micrometer in size (Fig. 4 a and b). 
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a)   b)  
Figure 4. Back scattered electron images of GCC a) and MS b) 

 
4.2 Paint characterization and performance comparison 
After verifying the similarity between GCC and MS, comparing the specifications for calcium 
carbonate used in paint industry, specific tests were carried out on paint samples as follows.  
 
4.2.1 Alkali Resistance  
After the curing time, the coating surfaces were carefully observed and analyzed; the paint films 
still appeared intact, coherent and with no tendency to dissolve. Both the analyzed samples are 
classified as alkali resistant and they can be also applied on cement substrates.  
 

4.2.2 Paint hiding power  
As shown in the data reported in Tab. 8, the tristimulus (Y) values, calculated from colorimetric 
data, make it possible to classify the ORO with a light improvement over EDI.  
 
Table 8. Paint hiding power measurements data 

    ORO EDI 
    White Black White Black 

1 

L* 95.65 93.11 96.28 93.45 
a* -0.25 -0.52 -0.49 -0.58 
b* 2.52 0.55 1.49 -0.29 
Y 96.25 94.06 96.79 94.35 

2 

L* 95.64 93.87 96.23 93.32 
a* -0.21 -0.48 -0.50 -0.58 
b* 2.61 0.96 1.48 -0.36 
Y 96.24 94.72 96.75 94.24 

3 

L* 95.62 94.11 96.22 93.46 
a* -0.30 -0.45 -0.50 -0.58 
b* 2.45 1.18 1.49 -0.29 
Y 96.22 94.92 96.74 94.36 

4 

L* 95.55 93.37 96.15 93.69 
a* -0.32 -0.50 -0.51 -0.57 
b* 2.49 0.74 1.48 -0.19 
Y 96.16 94.28 96.68 94.56 

Mean 

L* 95.62÷0.05 93.62÷0.46 96.22÷0.05 93.48÷0.15 
a* -0.27÷0.05 -0.49÷0.03 -0.50÷0.01 -0.58÷0.01 
b* 2.52÷0.07 0.86÷0.27 1.49÷0.05 -0.28÷0.07 
Y 96.22÷0.04 94.50÷0.39 96.74÷0.05 94.38÷0.13 

      
RC (%) 98.21 97.56 

Note: RC - contrast ratio 
 
A better hiding power is to be ascribed to a good dispersion of the pigments in the binder media, 
because white pigments absorb incident visible light of all wavelengths.   
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The color of the paint appears to be affected by the color of the marble. However, since marble 
scrap is mostly derived from processing the commercial lithotype “Fiocco di neve”, which tends 
to white, the scrap also has a consistent color that tends to white [33]. 
 
4.2.3 Dirt pick-up of the paint 
The outcomes for EDI and ORO specimens, as obtained values average, are reported in Tab. 9. 
When comparing the dirt pick-up test results for EDI and ORO with the reference classification, 
paints can be categorized as: very low dirt pick-up.  
 
Table 9. Paint dirt pick-up 

  ORO EDI 
  Clean Dirty Clean Dirty 

1 
L* 95.50 93.90 96.39 95.08 
a* 0.06 0.17 -0.32 -0.22 
b* 3.50 3.49 2.28 2.23 

2 
L* 95.62 93.93 96.32 94.39 
a* 0.08 0.15 -0.32 -0.16 
b* 3.50 3.45 2.24 2.20 

3 
L* 95.58 93.73 96.34 94.28 
a* 0.07 0.08 -0.33 -0.16 
b* 3.50 3.15 2.24 2.18 

4 
L* 95.49 93.58 96.55 94.91 
a* 0.05 0.11 -0.18 -0.15 
b* 3.55 3.19 2.62 2.38 

      

M
ean 

L* 95.55÷0.06 93.62÷0.16 96.40÷0.10 94.67÷0.39 
a* 0.07 0.13 -0.29 -0.17 
b* 3.51 3.32 2.35 2.25 

      
ΔL 1.76 1.74 

 

 
4.2.4 Wet scrub resistance 
The classification for this specific parameter is reported in Tab. 10, both for EDI and ORO 
samples.  
 
Table 10. Wet scrub resistance classification 

Sample Classification Reference values 

EDI < 1000 Suitable for applications that 
do not require wet scrub resistance 

ORO < 1000 Suitable for applications that 
do not require wet scrub resistance 

 
 
4.2.5 Hand brushing test 
The paints, equally EDI and ORO, were found to be easy to be brushed on a concrete background, 
presenting very similar characteristics in the application. The overall colour was also 
homogeneous and similar for both paints and such it retained, as confirmed by the visual 
observation carried out after a period of 2 years (Fig. 5). Furthermore, the paint looks well 
adherent and does not release material to the touch.  
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a)  b)  
Figure 5. Photographs of the paint applications a) and after two years of exposition b) 

 
 

5. Conclusion  

In paint production, GCC is used as extender and filler to improve hiding power, brightness, 
washability and application properties, and to reduce consumption of expensive pigments, such 
as titanium dioxide. 
The characterization phase showed the almost overlapping characteristics between MS and GCC. 
The specific tests carried out on the paints have given encouraging results on the reuse of marble 
waste in the industrial field of paints, specifically for white wall paints for interiors. 
In some cases, the paints, made with sawdust, exhibited slightly better test performance than the 
one obtained for reference paint, i.e. reference parameters is very important, considering that it 
results in a better performance of the paint, and subsequent cost-saving.  
In addition, to the time-passing, the analysed paint has shown good durability with regard to 
adhesion to the support and its coloration with respect to a visual evaluation.  
It is important to note that water-based white paints are the most difficult to make because they 
are strongly affected by the color of the additives. In this study, it has emerged that the use of the 
Orosei marble sludge instead of commercially available calcium carbonate produces a paint with 
the same characteristics as the one on the market. It is therefore reasonable to argue that the same 
type of study can be applied to the production of colored water-based paints.  
The idea that a large amount of material not only does not go to landfill, but also can find its way 
back into a suitable economic relocation is a very reassuring one, which might support the idea 
of sustainability as a corporate responsibility.  
Our waste becomes a by-product that can be re-used by setting aside a slight and inexpensive pre-
treatment on carbonate particles to counteract the compacting effect of the flocculant used in the 
filter press section. So, marble waste becomes a by-product.  
The study is ongoing, so further applications in this area are being tested. A LCA analysis will be 
carried out at a later date. 
Through the transformation of the produced waste, waste piles are reduced, degraded soils 
recovered, improving the land in terms of landscape and environment, in a perspective of circular 
economy.  
The processing waste deriving from carbonate stone quarries will have a future.  

 

Acknowledgments 

The authors are thankful to EDICHEM for the possibility to carried out part of the research in its 
Laboratory. Gratefully acknowledges Autonomous Region of Sardinia for the financial support 
(Grant number 124/2015, L.R. of 7th August 2007 nr.7). 

 

References 

[1] Montani, C., 2021. Summary of the XXXI world stone report. In: Directory 2021, 
Confindustria Marmomacchine Ed., Milan, Italy. 



 14 

[2] Careddu, N., 2019. Dimension stones in the circular economy world. Resources Policy 60 
(2019) 243–245.  

[3] Careddu, N., Siotto, G., Marras G., 2017. The crisis of granite and the success of marble: 
errors and market strategies. The Sardinian case. Resources Policy 52 (2017) 273–276. 

[4] Careddu, N., Siotto, G., Siotto, R., Tilocca, C., 2013. From landfill to water, land and life: the 
creation of the Centre for stone materials aimed at secondary processing. Resources Policy 38 
(2013) 258–265 

[5] Galetakis, M., Alevizos, G., Leventakis, K., 2012. Evaluation of fine limestone quarry 
byproducts, for the production of building elements – an experimental approach. Constr. 
Build. Mater. 26 (2012), 122–130. 

[6] Singh, M., Srivastava, A., Bhunia, D., 2017. An investigation on effect of partial replacement 
of cement by waste marble slurry. Constr. Build. Mater. 134 (2017), 471–488. 

[7] Marras, G., Siotto, G., Parra, J.L., Careddu, N., 2010b. Potential applications of waste material 
deriving from marble processing plants. In: Ersoy, M., Çelik, M.Y., Yeşilkaya,L. (eds.), 
Proceedings of the 7th International Marble and Natural Stones Congress of Turkey (Mersem 
VII), 14-15 October 2010, Afyonkarahisar, Turkey. pg. 55-61. ISBN: 978-605-01-0023-5. 

[8] André, A., de Brito, J., Rosa, A., Pedro, D., 2014. Durability performance of concrete 
incorporating coarse aggregates from marble industry waste. Journal of Cleaner Production 65 
(2014) 389-396. 

[9] Martínez-Martínez, S., Pérez-Villarejo, L., Eliche-Quesada, D., Sanchez-Soto, P.J., 
Christogerou, A., Kanellopoulou, D.G., Angelopoulos, G.N., 2020. New waste-based clinkers 
for the preparation of low-energy cements. A step forward toward circular economy. 
International Journal of Applied Ceramic Technology17(1), pp. 12-21 

[10] Topçu, I.B., Bilir, T., Uygunoğlu, T., 2009. Effect of waste marble dust content as filler on 
properties of self-compacting concrete. Constr. Build. Mater. 23 (2009), 1947–1953. 

[11] Felekoğlu, B., 2007. Utilisation of high volumes of limestone quarry wastes in 
concreteindustry (self-compacting concrete case). Resour. Conserv. Recycl. 51 (2007),770–
791. 

[12] Gencel, O., Ozel, C., Koksal, F., Erdogmus, E., Martínez-Barrera, G., Brostow, W., 2012. 
Properties of concrete paving blocks made with waste marble. J. Clean. Prod. 21(2012), 62–
70. 

[13] Buyuksagis, I.S., Uygunoglu, T., Tatar, E., 2017. Investigation on the usage of waste marble 
powder in cement-based adhesive mortar. Constr. Build. Mater. 154 (2017),734–742. 

[14] Marras, G., Careddu, N., Siotto, G., 2017a. Filler calcium carbonate industrial applications: 
the way for enhancing and reusing marble slurry. Italian Journal of Engineering Geology and 
Environment, Special Issue 2 (2017) © Sapienza Università Editrice, Roma. Pp. 63-77. 
ISSN:2035-5688 – DOI: 10.4408/IJEGE.2017-02.S-07 

[15] Marvila, M.T., de Azevedo, A.R.G., Alexandre, J., Colorado, H., Pereira Antunes, M.L., 
Vieira, C.M.F., 2021. Circular economy in cementitious ceramics: Replacement of hydrated 
lime with a stoichiometric balanced combination of clay and marble waste. International 
Journal of Applied Ceramic Technology18(1), pp. 192-202. 

[16] Montero, M.A., Jordán, M.M., Hernández-Crespo, M.S., Sanfeliu, T., 2009. The use of 
sewage sludge and marble residues in the manufacture of ceramic tile bodies. Appl.Clay Sci. 
46 (2009), 404–408. 

[17] Devant, M., Cusidó, J.A., Soriano, C., 2011. Custom formulation of red ceramics with clay, 
sewage sludge and forest waste. Appl. Clay Sci. 53 (2011), 669–675. 

[18] Cobo-Ceacero, C.J., Cotes-Palomino, M.T., Martínez-García, C., Moreno-Maroto, J.M., 
Uceda-Rodríguez, M., 2019. Use of marble sludge waste in the manufacture of eco-friendly 
materials: applying the principles of the Circular Economy. Environmental Science and 
Pollution Research 26 (35), pp. 35399-35410. 



 15 

[19] Marras, G., Careddu, N., Internicola, C., Siotto, G., 2010a. Recovery and reuse of marble 
powder by-product. Proc. Global Stone Congress 2010, 2-5 March 2010,Alicante, Spain. S3-
01. Ed. AIDICO (Instituto de la Construcción), València. ISBN:978-84-614-1147-4. Also 
published in Marmomacchine Magazine, n. 214, 2010, pagg.34-48. Ed. Promorama. ISSN: 
0392-6303.  

[20] Saboya Jr., F., Xavier, G.C., Alexandre, J., 2007. The use of the powder marble by-product 
to enhance the properties of brick ceramic. Constr. Build. Mater. 21 (2007), 1950–1960. 

[21] Díaz, L.A., Torrecillas, R., 2007. Porcelain stoneware obtained from the residual muds of 
serpentinite raw materials. J. Eur. Ceram. Soc. 27 (2007), 2341–2345. 

[22] Lee, M., Ko, C., Chang, F., Lo, S., Lin, J., Shan, M., Lee, J., 2008. Artificial stone slab 
production using waste glass, stone fragments and vacuum vibratory compaction. Cem. Concr. 
Compos. 30 (2008), 583–587. 

[23] Pappu, A., Chaturvedi, R., Tyagi, P., 2020. Sustainable approach towards utilizing Makrana 
marble waste for making water resistant green composite materials. SN Applied Sciences 2(3), 
347. 

[24] Marras, M., Bortolussi, B., Siotto, G., Surracco, M., Careddu, N., 2020. Reduction of Marble 
Waste Landfills through the Enhancement of CaCO3. Key Engineering Materials, ISSN: 
1662-9795, Vol. 848, pp. 145-153. © 2020 Trans Tech Publications Ltd, Switzerland. DOI: 
10.4028/www.scientific.net/KEM.848.145 

[25] Harben Peter W., 2002. Industrial Minerals HandyBook: A guide to markets, specifications 
and prices. Metal Bulletin Store Ed., 78-92. Surrey, KT: Industrial Minerals Information, 
©2002. ISBN: 978 1 904 333 04 3  

[26] Marras, G., Careddu, N., 2018. Sustainable reuse of marble sludge in tyre mixtures. 
Resources Policy 59 (2018) 77-84. DOI: 10.1016/j.resourpol.2017.11.009 

[27] Roskill, 2012. Ground and Precipitated Calcium Carbonate: Global Industry Market and 
Outlook. First Edition (2012). Roskill Information services Ltd. ISBN 978 0 86214 579 8  

[28] Whiles John and sons, 1973. Pigment Handbook. Properties and Economics – Volume I. 
Edited by Temple C. Patton. ISBN 0-471-67123-1 (Vol. 1) 

[29] Ahmed N. M., Mohamed M.G., El-Gawad W. M. A., 2019. The assessment of anticorrosive 
behavior of calcium carbonate from different sources in alkyd-based paints. Progress in 
Organic Coating, 128, 168-180.https://doi.org/10.1016/j.porgcoat.2018.10.012 

[30] Karakas F., Hassan B. V., Celik M.S., 2015. Effect of precipitated calcium carbonate 
additions on waterborne paints at different pigment volume concentrations. Progress in 
Organic Coating, 83, 64-70. https://doi.org/10.1016/j.porgcoat.2015.02.003 

[31] Harben, P.W, 2002. The Industrial Minerals HandyBook – 4th ed. Industrial Minerals 
Informations Pub., Surrey, UK. ISBN: 978 1 904 333 04 3. Pp. 78-92. 

[32] Marras, G., 2011. Recovery and valuation of ultrafine marble dust contained in waste slurries 
deriving from carbonatic natural stones processing plants. Ph.D. Thesis in “Geoengineering 
and Environmental Technologies”, University of Cagliari, Italy. Downloadable from: 
https://www.unica.it/unica/it/ateneo_s07_ss01_sss05_ssss01.page?mu=/handle/11584/26634
4 (last accessed: December 30th, 2021). 

[33] Careddu, N., Marras, G., Siotto, G., 2014. Recovery of sawdust resulting from marble 
processing plants for future uses in high value added products. In Journal of Cleaner 
Production (2014), 533-539. DOI: 10.1016/j.jclepro.2013.11.062 

[34] Marras G., Bortolussi A., Peretti R., Careddu N., 2017b. Characterization methodology for 
re-using marble slurry in industrial applications. In European Geosciences Union General 
Assembly 2017, EGU Division Energy, Resources & Environment, ERE. Energy Procedia, 
125. Pagg. 656-665. DOI: 10.1016/j.egypro.2017.08.277. 

https://www.unica.it/unica/it/ateneo_s07_ss01_sss05_ssss01.page?mu=/handle/11584/266344
https://www.unica.it/unica/it/ateneo_s07_ss01_sss05_ssss01.page?mu=/handle/11584/266344


 16 

[35] Careddu, N., Scanu, M., Desogus, P., 2020. Notes on the Poster “Map of Natural Stones from 
Sardinia (Italy)”. Key Engineering Materials, ISSN: 1662-9795, Vol. 848, pp. 127-136. © 
2020 Trans Tech Publications Ltd, Switzerland 

[36] Funedda A., E.A. Sarria E., Oggiano G., Carmignani L., Calzia P., Pasci S., Patta E.D., Sale 
V., 2019. Note Illustrative della Carta Geologica d’italia alla scala 1:50.000 Foglio 501, 
Orosei-Parte a Terra. Apat - Dipartimento difesa del suolo, Servizio Geologico d’Italia. Ed. 
S.El.Ca., Firenze, 2019 (in Italian).  

[37] Dieni I., Massari F., 1985a. Mesozoic of Eastern Sardinia. In: Micropaleontological 
Researches in Sardinia - Guide Book - 19th European Micropaleontological Colloquium, 
AGIP, Sardinia, 1-10 October 1985, 1985, 66-77, A. Cagliari, Cherchi Edit. 

[38] Dieni I., Massari F., 1985b. Mesozoic of Lanaitto Valley. In: Micropaleontological 
Researches in Sardinia - Guide Book - 19th European Micropaleontological Colloquium. 
AGIP, Sardinia, 1-10 October 1985, 221-232, Cagliari, A. Cherchi Edit. 

[39] ICDD. International Centre for Diffraction Data, Powder diffraction file. 
http://www.icdd.com/. Accessed 21-May (2021). 

[40] Vitton, S.J. and Sadler, L.Y. (1994) "Particle Size Analysis of Soils Using Laser Diffraction 
and X-ray Absorption Technology to Supplement Hydrometer Analysis".  

[41] CIE (Commission International de l’Eclairage), 1976. “Recommendations on uniform colour 
spaces, colour-difference equations, psychometric colour terms.” Proc., 18th Session CIE, 
Bureau Central de la CIE, Paris. 

[42] CIEDE2000 by CIE TC 1-47 (Chair: David H. Alman) in CIE Publ. 142-2001, by Luo, Cui 
& Rigg CR&A 26, 340-350 (2001).  

[43] Tegethoff, F. W., 2001. Calcium Carbonate - From the Cretaceous Period into the 21st 

Century. Edited by F. Wolfgang Tegethoff in collab. with Johannes Rohleder and Evelyn 
Kroker, 2001.  

[44] UNI EN ISO 10795:1999. Paints and varnishes - Emulsion Paints for interiors. Important 
characteristics for comparative or no-comparative tests. International Organization for 
Standardization, 1999. 

[45] UNI 11271:2008. Paints and varnishes - Hiding power assessment of emulsion paints white 
or light colured. International Organization for Standardization, 1999. 

[46] UNI 10792:1999. Paints and varnishes - wall paints for interiors, white or light coloured - 
Determination of dirt pick-up. International Organization for Standardization, 1999. 

[47] UNI 10560:1996. Paints and varnishes - Emulsion paints for interior masonry - Wet scrub 
resistance - Brush method. International Organization for Standardization, 1996. 

[48] Careddu, N., Marras, G., 2015. Marble processing for future uses of CaCO3-microfine dust: 
a study on wearing out of tools and consumable materials in stoneworking factories. Mineral 
Processing and Extractive Metallurgy Review: An International Journal, 36:3, 183-191 

 


