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SUMMARY: Waste Foundry Sand (WFS) application in civil construction is a widely discussed 
technique nowadays, especially in paving and cement matrix. However, it is necessary an 
environmental and economic viability for that residue to be utilized. Therefore, the objective of 
this paper is to determine the environmental and economic viability of bedding mortar 
production with WFS as a partial substitute for the fine aggregate. Cylindrical specimens were 
molded, with diameters of 50 mm, height of 100 mm and regular sand was replaced with three 
percentages (50%, 65% and 80%). These specimens underwent on simple axial compression 
tests with elasticity modulus determination and the obtained results were statistically analyzed. 
After that stage, the environmental and economic analysis was established. The obtained results 
indicated that using the chosen WFS sample for this paper suggested favorable environmental 
and economic viability for the WFS content of 65%, taking into account the evaluated costs and 
environmental tests performed. 

1. INTRODUCTION 

Waste foundry sand can be applied to numerous materials and products in civil construction, 
considering its originating foundry process, the environmental classification of the sample and 
the mechanic performance obtained. Using WFS in concrete has an encapsulated use of this 
residue, once the sand is confined to the cement matrix. Several researchers have studied the use 
of WFS as an aggregate in mortar (Philippsen, 2010; Silva & Tochetto & al., 2011). Mastella and 
Gislon & al. (2014) partially replaced the concrete fine aggregate with WFS content at 75% by 
weight and toxicity test. The obtained results indicate that the effect of adding WFS during the 
manufacture of cement artifacts demonstrated that it is possible and feasible from both the 
mechanical and toxicological points of view. Armange (2005) applied WFS to mortar and 
concluded that up to 30% of the residue did not have influence on mechanic strength and on 
environmental tests as well as it did not show toxic substances above those recorded in the 
environmental standards. A plan or an operation structure needs to be developed, which would 
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establish bonds between the residue manufacturers and the receiving companies. There are key 
challenges: distance between the steel companies and the final user; the steel company’s capacity 
to provide the necessary quantities of WFS and to maintain quality. 
Factors related to steel companies need consideration over the local environmental regulations 
and costs with transportation, processing and storage. The intermediates are charged with finding 
final users for the residue, as well as with guaranteeing marketed WFS provision and quality. The 
final users will have direct influence on WFS costs and technical performance of the product 
with the residue. 
 
 
 
2. EXPERIMENTAL STUDY 

For this research the following materials were used: regular sand, ordinary cement Portland 
(OCP) and a sample of waste foundry sand (WFS) of green type provided by an Brazilian 
foundry company. The tests performed on the materials used in this study for physical, chemical, 

environmental and mechanical characterization can be seen in Table 1. The Microtox® toxicity 

test (Strategic Diagnostic inc.) was performed with application of the luminescent 

bacterium Vibrio fischeri. 

Table 1 - Tests for physical, chemical, environmental and mechanical characterization of 
materials and mortars. 

  

  

Tests 

Material 

OCP (WFS) Ordinary 

sand 

Mortar 

X-ray diffraction Spectrometer  (XRD)   X   X 

Density and Bulk density (NBR NM242, 2003) X X X   

Density unit (NBR NM45, 2006)   X X   

Grading curve (NBR NM248, 2003)   X X   

Environmental classification (NBR 10004, 2004)   X     

Microtox toxicity (NBR 15411-3, 2012)   X   X 

Strength compressive (NBR 7215,1996)       X 

Modulus of elasticity (NBR 8522, 1982)       X 

  

The mortar recipe adopted was 1:3.22:0.66 (in density) according to Silva e Tochetto & al. 

(2011) with partial replacement of fine aggregate (regular sand) in the levels of 50%, 65% 

and 80% and the reference ratio, named A, B, C e R, respectively. For the mechanical 

performance cylindrical specimens of 50 mm diameter and 100 mm height were molded and 
they were subjected to simple compression tests at ages 7, 28 and 91 days and 3 replications for 
each WFS content and rupture age, totaling 36 specimens. 
Data were analyzed with statistical software (Statgraphics Centurion XV). From the technical 
and environmental performance analysis, the best specimen studied in this research was defined, 
and then an economic analysis tool was applied, considering the 100 km distance between the 
steel company and the end user as well as1000 t/ m of generated volume. 
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3. RESULTS AND DISCUSSION 

The results of the initial physical characterization tests are described in Table 2. The materials 

(WFS and regular sand) are roughly equal regarding to densities, indicating that replacement of 
ordinary sand with WFS does not influence on the parameters mentioned. 

Table 2 - Physical characterization of ordinary sand and WFS samples 

  
Tests 

Bulk 
density 

Specific 
mass 

Mass unit 

  (g/cm3) (g/cm3) (g/cm3) 

Ordinary sand 2. 58 2. 63 1.46 
WFS 2. 56 2. 66 1. 45 
Ordinary cement   3.15   

  

From the grading curve it was obtained values of maximum diameter and fineness modulus from 
the samples of regular sand and WFS (Table 3). The values presented ranked WFS sample 
studied in the lower usable area, and therefore fineness of 1.93, then as fine sand, which is a 
material regularly used in mortar coating. 

 

Table 3 - Parameters obtained from the grading curve for ordinary sand samples and WFS 

  
Material 

MF * DM ** 
(Mm) 

  
Rating 

regular sand 2.83 4.8 Best area 

WFS 1.93 1.2 Lower usable area 

* Module fineness; ** Maximum Diameter. 

Table 4 presents results on the environmental characterization tests conducted according to the 
rules described in Table 1. The DFS sample studied was classified as non-hazardous and no-inert 
residue (Class II A) according to the parameters required by NBR 10004 (20004) regulation. For 
the bulk density parameter , it  may be stated that the results meet the permitted limits and the 
solubilized extract, comparing the results obtained with the maximum values allowed by the 
NBR 10004 regulation, as well as it may be stated that the amount of Aluminum (Al) component 
and phenols content have exceeded the maximum allowable limits. As for the leachate extract, 
all parameters meet the limits allowed by that same regulation. 

Other authors also found similar findings (Coutinho Neto, 2004; Bittencourt, 2012).  It is 

important to mention that the mortar material, when exposed to the environment, can 
contaminate it from the leaching process, whose parameters were satisfactory according to 
current regulations adopted by the environmental agencies of the country. 

 

 



                                                                                                                                      CRETE 2014 

Table 4 - Analytical results of environmental tests (NBR 10004, NBR 10005 and NBR 10006:  
               2004 regulations) conducted on the WFS sample. 

Parameters Un. LQ * DFS 
VMP ** 

- NBR 

10004:2004 

pH (suspension 1:1)   0-14 9.9 
2.0 to 

12.5 (b) 
Sulphide (as H2S) mg / kg 1 <1 500 (c) 
Cyanide (as HCN) mg / kg 0.1 <0.1 250 (c) 

* Maximum Values Allowed by regulation ABNT NBR 10004:2004. 

              
Starting the value adopted by the Brazilian regulation (260 ± 5 mm) for normal consistency, only 
recipe B (65% of WFS) reached this value and the reference recipe remained lower than the 

normal consistency (225 mm). It was observed that the use of WFS increased the consistency of 

the recipes studied, which can be justified due to the same chemical composition that showed 
significant amounts of products  lubricating the sand grains, so that decreasing absorption of 

mixing water. Therefore WFS showed positive behavior with respect to workability. 

The mortar specimens were subjected to simple compression test with determination of the 

compressive strength (Cs) and longitudinal elastic modulus (E). Table 5 and Figure 1 show the 

average values for E and Cs, respectively. Elasticity modules recipes with WFS showed lower 

values, which are positive, because the smaller the module is, the larger the elastic capacity is, 
then such capacity makes the mortar deform more easily without causing cracks. 

 Table 5 - Modulus of longitudinal elasticity of the mortar specimens. 

Age E (MPa) 

(Days) T A B C 

7 26376 25381 22671 17085 

28 24508 20952 18936 19189 

91 27498 21872 18559 19831 

  
The results in the compression test were higher than those reported by Vargas et al. (2012), who 
also applied WFS in mortars up to 100% replacement. For replacement of 50% and 75% they 
had average tensile compression strength at 28 days of age at 3 MPa. In this study, the recipes 
for B and C (65% and 80%) showed average tensile compression strength of 25 MPa and 18 
MPa, respectively. It was observed that the mortar with WFS levels of 65 and 80% significantly 
increased the mechanical strength, according to statistical analysis, with more advanced ages of 
rupture (28 and 91 days) and there was no statistically significant difference between these 
ages. Considering the WFS levels, the specimen B (65%) had the same mechanical performance 
as A (50% WFS), there was no statistically significant difference, so recipe B is indicated, which 
consumes a larger percentage of residue. 
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Figure 1. Results for mortars compressive strength to specimens and ages of rupture. 

The acute toxicity test with Vibrio fischeri bacterium - Microtox ® was carried out for WFS 
samples and mortar content of 65% WFS with the aim of determining the residue dangerousness  
(WFS). Figure 2 and 3 show graphs from software MicrotoxOmni® (Azur Environmental, 
1999). 

   

Figure 2. Results of toxicity test on sample 
WFS. 

Figure 3. Results of toxicity test on sample 
mortar with the rate of 65% WFS. 

 

It is observed that concentration of 11.66% of the WFS sample extract caused a reduction by 
50% (CE50) of light emission by the bacterium and as the total of nine extract dilutions 
analyzed, six were not able to sensitize 50% reduction of light emission 
by Vibrio fischeri. Moreover the sample mortar with 65% WFS content, showed that no 
concentration achieved such reduction, thus there was nopotential risk for environmental 
contamination. Similar results were found by several researchers, who determined the toxicity in 
many WFS samples (green process), similar to that of this study, and they obtained low rates 
for Vibrio fischeri ecotoxicity with low concentrations of organic compounds (phenols), carbons 
and heavy metals (Soares W., Coz & al., 2006; Bastian & Alleman, 1998). It is very interesting 
to considerthe results of toxicity tests on eco-efficiency and life cycle analyses (Landsiedel, R & 
Saling, P., 2002). 
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In XRD tests spectra, it was obtained for WFS sample and 65% WFS mortar (ratio B), according 
to Figures 4 and 5, respectively. This test was carried out only for recipe B as it had shown better 
mechanic performance. In the WFS sample, high contents of quartz (silica) and calcite (ordinary 
cement) were found. This type of behavior can be justified due to the casting process over the 
WFS sample (green), which is a mixture of non-organic products to obtain greater cohesion 
among the grains during molding; in this case ordinary cement (calcite) was used. For the WFS 
sample, the crystallographic composition was consistent with the type of material (cement 
matrix), as it was observed many peaks of calcite, portlandite (CH), compounds of hydration of 
ordinary cement) and quartz (regular sand and WFS). This results also were obtained by Basar & 
Aksoy (2012). 
 

 

Figure 4. X-ray diffraction patterns of the WFS 
  

 

Figure 5. X-ray diffraction patterns mortar mix having 65% WFS 
  

The mortar market in Brazil is characterized by the presence of multiple brands with different 

applications. An economic study was carried out setting up some parameters: the distance 

between the WFS provider and mortar manufacturer (100 km), recipes R (reference) and B 

(65%WFS) of this study, in order to calculate the material consumption per day for the 

production of 1000 kg of mortar and the business plan of amanufacturer of mortarbricklaying 
and coating walls and ceilings in order to compare the performance of the residue as aggregate 
(Table 6 and 7). 
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Table 6 - Materials used to manufacture 1 ton of mortar ratio R and B. 

    Ratio R   Ratio B 

MATERIAL KG $ / KG $ KG $ / KG $ 
CP (ARI-V) 205 0.76 156.89 205 0.76 157.28 

Ordinary sand 660 0.29 196.29 229.6 0.29 68.28 
WFS     0.43* 0 430.5 0.43 185.56 

WATER 135 0,62 84.95 135 1.46 84.95 

Total 1000 2.12 438.53 1000.1 0.62 496.087 

* Considering WFS transport to the mortarmanufacturer (100 km). 

Table 7 - Business plan for a mortarmanufacturer for R and B ratio 

Sumary 

Mortars  

Ratio R Ratio B  

Net sales 620,689.65 620,689.65 

Applied Materials 105,250, 00 119,061.10 

Production Salary 53,913.275 53913.275 

Administration Salary  20,189.224 20189.224 

Other expenses 106,157.21 106,157.21 

Total cost 285,867.99 299,608.81 

Annual income 334,821.66 321,008.83 

  

From the economic analysis results, it was observed that the total cost of materials needed to 
manufacture 1 ton of mortar was 13% higher for the recipe with 65% WFS content as well as for 
the business plan of a mortar manufacturer, where a relationship between revenue and 
expenditure was obtained, then there is an annual profit of approximately US$ 335,000 for the 
reference mortar and US$ 321,000 for the WFS mortar, whose difference has been only 4%. This 
value is not significant if it is considered the initial investment and the market variations such as 
inflation, supply of raw materials, demand and others.  

 

4. CONCLUSION 

The study results showed that the WFS residue was characterized as class II-A, non-dangerous 
and non-inert according to prevailing regulations of the country. Regarding the toxicity, both the 
WFS sample and the mortar did not show enough toxicity to contaminate the environment. For 
the mechanical performance, the mortar with WFS content showed compression strength lower 
than that of mortar with regular sand. After statistical analysis, then it was concluded that 
mortars with 65% WFS content are viable according to their environmental performance and 
economic evaluation conducted in this study. 
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