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SUMMARY: The sector of casting metal parts stands out among the generators of solid waste 

industrial processes, in particular, the discarded foundry sand (WFS), and most of this waste is 

deposited in landfills, leading to environmental and economic problems. Studies show that this 

waste can be used as raw material in other areas, such as construction and agriculture. The aim of 

this study was to suggest a new management for the WFS, using this residue to cover layers of solid 

waste landfills. For this, environmental and physico-chemical tests were performed on mixtures of 

soil with added waste foundry sand (WFS) in levels of substitution of 30% and 70%. The 

environmental tests classified the sample of waste foundry sand studied as non-hazardous and non- 

inert waste, showing no contaminant and no toxic potential. The economic analysis brought 

substantial savings in resources management of the landfill, considering that the WFS was already 

headed for it, however, without any function. 

1. INTRODUCTION 

In one of the steps involved in the process of metal casting, known as molding, molds are used to 

give the desired shape and volume to the liquid metal to be cast. These molds are constituted by 

sand and some organic or inorganic binders. From this process is generated the waste foundry sand 

(WFS), which is primarily sent to proper landfills or to third parties, making it a large proportion of 

environmental liabilities, with detrimental environmental and economic consequences. 

China, U.S.A., Japan, India, France, Germany, Brazil and Italy are the main producers of cast 

metals, which make them potential producers of WFS, being imminent the need of new technologies 

to apply this waste.   
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Studies shows the technical performance of WFS reuse as alternative raw material to conventional 

materials, such as asphalt mixtures, concrete artifacts, in the manufacture of ceramic bricks, 

agriculture and in the construction of landfills. 

In some countries the WFS is already used as an alternative material in a considerable scale. As 

an example, the city of Vancouver, Canada, that in 2003, began receiving WFS for use in asphalt 

sub-base and base pavements (Transfer & Landfill Operations, 2012). 

A report released by Clean Washington Center (CWC, 1996) showed satisfactory results of using 

WFS as aggregate in concrete artifacts, pavements, soil stabilization and ceramics materials. Barros 

R., Batista Pinto F. & al. (2014) and Siddique and Dhanoa (2013) obtained satisfactory results in 

concrete at a level of up to 20% of WFS, from tests of compressive strength and traction in flexion 

and permeability, concluding that the WFS is in condition to be used as a by-product of low 

resistance building materials and concrete. 

A study made in South Africa (Mgangira, 2006), demonstrated that the addition of WFS at a level 

of 50%, increases the performance potential of the soil in geotechnical engineering applications. 

Still, according to tests carried out by other researchers (Bakis R., Koyuncu H. & al., 2006) the 

replace of 10% of the content of WFS showed up considerably viable as aggregate in asphalt 

mixtures, without harmful potential to the environment around. 

Klinsky and Fabbri (2009) and Santos (2004) conducted studies with mixtures of lateritic clay 

soil and WFS with the aim of improving the properties of this type of soil for application in layers of 

sub-base and base of flexible pavements. Ferreira G., Domingues L. & al. (2013) studied 

granulometric stabilization of a type of lateritic clay soil used in the layers of the base and sub-base 

of flexible pavements.  

Gomes L. P., Moraes C. A. M. & al. (2007) and Ganjian E., Claisse P. & al. (2004) proposed the 

use of mixtures of WFS (green sand process) with soil and civil construction debris in intermediate 

layers covering landfill of solid waste to facilitate the recirculation of leachate. The results showed 

that the used WFS performs well for both the middle layer and the final layer. 

In some countries the use of waste foundry sand in layers of landfill is already being applied for 

some time, because studies show that this residue has a high potential for applications in coating 

layers of solid landfills due to have presented low permeability and resistance to penetration of 

leachate (AFS, 2013; Siddique R., Kaur G. & al, 2010.). 

A landfill waste should be designed to minimize the emission of pollutants and contaminants 

from the decomposition process of solid waste. In reason, it gives the importance of the choice of 

covering material of waste landfills, considering the hypothesis that there is alternative material to 

be employed. 

Figure 1 shows the compartments and layers that must be disposed in a landfill assembly.



 

                                                                                                                                      CRETE 2014 

 

 

Figure 1. Layers of solid waste landfill (Boscov, 2008, Adaptation)  

 

 

The background coating promotes retention of contaminants and is composed of impermeable, 

drainage and transition layers (Boscov, 2008). Qasim and Chiang (1994) describe the drainage layer 

together with the collecting tubes whose function is to allow the collection of percolated liquid and 

to reduce the hydraulic load on the compacted soil layer. The intermediate layer ensures the 

stabilization of the landfill, isolating the solid waste and its movement. The final landfill cover 

corresponds to the impermeable or resistive layers, which act as a physical barrier to water and not 

to the leachate (Reichert, 2007). 

Still, the cover layers of landfills have direct influence on the efficiency of biodegradation or 

biological decomposition, physical or chemical of the waste deposited in landfills, with leachate and 

gas generation (Ferreira and Mahler, 2006). 

Other wastes such as recycled aggregates of construction (concrete artifacts, ceramics and 

mortars) and sludge from water treatment, are already used in cover layers of landfills (Caniani D., 

Masi S. & al., 2013; Liu P., Zhang H. Y. & al, 2009; Xu Q., Townsend T. & al., 2009). The benefits 

of this allocation can be various, such as reducing the extraction of raw materials, the risk of 

contamination of soil and water and human health. There are practical applications of this residue as 

aggregate for asphalt floor covering and landfills, where economic analyzes were performed that 

reduced 100 thousand and 40 thousand dollars per km of constructed area, respectively (SDS, 2013) 

were performed. 

The aim of this study was to suggest a new management for the WFS, using this residue to cover 

layers of solid waste landfills. For this purpose, mechanical and environmental tests on mixtures of 

clay soil ADF were carried out in order to define a function and thus add value to this residue. 

2. EXPERIMENTAL STUDY 

A sample of soil classified as clay laterite and a sample of waste foundry sand (WFS) obtained from 

green sand casting process of a Brazilian industry was used. This casting process was used because 
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it generates a residue with less environmental impact (Klinsky and Fabbri, 2009; Siddique R., Kaur 

G. & al., 2010). 

For this study soil mixtures + WFS were defined in the levels of 30% and 70% of soil 

replacement by WFS. For the mechanical and physical characterization of soil sample, WFS and  

soil +WFS mixtures, grain size distribution analysis (NBR 7181, 1984), compaction by Standard 

Proctor method (NBR 7182, 1986) and variable permeability (NBR 14545:2000) were performed. 

These Brazilian standards were adapted from U.S. standards in the area of geotechnics, so the 

procedures are similar. The environmental and chemical characterization tests were conducted in a 

sample of WFS and soil+WFS mixture that showed better mechanical performance. For 

environmental testing was performed the classification of the waste according to NBR 10004 2004 

and acute toxicity according to the method of Vibrio fischeri (L5.227, CETESB, 2001) with use of 

the equipment Toxicity Analyser M500 - Microbics®. For chemical composition determination of 

samples of soil and WFS, was used the method of XRD (X-Ray Diffraction) with equipment X Ray 

Tube, from the brand Empyrean XRD Tube. 

Initially, the residue WFS is basically deposited in landfills, however, this waste is considered as 

the raw material for other activities (civil construction and agriculture). In this work we study the 

application of this residue to cover layers of solid waste landfills, thus adopting a new management. 

3. RESULTS AND DISCUSSION 

Figure 2 shows the particle size distribution of the materials studied. The test results obtained in the 

normal compaction energy (Proctor) and permeability are shown in Table 1 and Table 2 

respectively. 

 

Figure 2. Grain size distribution 

Table 1 - Maximum dry density and optimum moisture values 

Material ρdmax (g/cm
3

) Wot (%) 

Soil 1,59 23,4 
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Soil+WFS 30% 1,72 17,5 

Soil+WFS 70% 1,913 12,2 

 

Table 2 - Permeability coefficient value (K) in cm/s 

Material (K) cm/s 

Soil 5,36 x 10
-7

 

Soil+WFS 30% 2,98 x 10-7 

Soil+WFS 70% 1,47 x 10-6 

The main parameters for a good performance of a massive landfill are optimum moisture of 

compaction (Proctor compaction) and permeability, whose values are used to define the material 

adopted for coverage of layers. Initially, the permeability test was carried out in the mixture of soil 

and WFS at level of 30%, with a result of the permeability coefficient (K) of 10-7 cm/s. The 

permeability for the soil mixture WFS at level 70% increased, which was expected because it was 

greater amount of sandy material. However, this increase can be considered negligible (K = 10
-6

 

cm/s), justifying the recommendation of 70% level, because presented a higher value for the 

maximum dry bulk density, therefore, greater stability for the mass and also considering a higher 

consumption of the residue in this mixture. Thus, this proposed landfill management classified the 

WFS as a functional material and not as waste. 

For the environmental part, by the standard adopted for classification of solid waste – NBR 

10004 (2004), the waste foundry sand was classified as not hazardous and not inert (Class II - A) 

residue. 

In the Microtox® acute toxicity, using the bacterium Vibrio fischeri, the nine dilutions of the total 

extract of WFS, six dilutions showed less than 50% inhibition of light by the bacterium. For soil + 

70% WFS mixture, only one dilution exceeded the inhibition provided by the standard, which 

proves the non-toxicity of the materials (Figure 3 and Figure 4). The results were interpreted by 

reading the MicrotoxOmni® software (Azur Environmental, 1999).  

                       

Figure 3. Microtox® test for the sample 

WFS 

Figure 4. Microtox® test for the sample of 

soil + WFS 70% 
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In the test X-ray diffraction Spectrometer (XRD) applied to the WFS and the mixture of soil+70% 

WFS, can be observed the peaks of X-ray incidence, indicating high levels of quartz (silica) and 

calcite (cement) (Figure 5) and quartz and hematite (crystallized iron oxide) (Figure 6). These 

results were expected because it is coming from one of the ADF casting green sand process (not 

resinous) and the mixture containing laterite clay soil type.  

 

 

 

 

 

 

 

Figure 5. X-ray diffraction (XRD) in WFS 

 

 

 

 

 

 

 

Figure 6. X-ray diffraction (XRD) in soil+WFS 70% mixture 

4. CONCLUSIONS 

It was concluded that the sample of waste foundry sand (WFS) studied showed no significant 

contaminant or toxic potential, and that its use can reduce environmental liabilities and financial 

waste generated by the disposal of the residue. The most viable incorporation for the waste was to 
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content of 70% waste foundry sand (WFS) added to the clay soil lateritic, improving the strength 

conditions of the material chosen for the cover layers of solid waste landfills. 
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