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ABSTRACT 

The aim of this work was to study the use of coal waste to produce concrete paving blocks. The methodology consid- 
ered the following steps: sampling of a coal mining waste; gravity separation of the fraction with specific gravity be- 
tween 2.4 and 2.8; comminution of the material and particle size analysis; technological characterization of the material 
and the production of concrete paving blocks. The results showed that the coal waste considered in this work can be 
used to replace conventional sand as a fine aggregate for concrete paving blocks. This practice can collaborate in a 
cleaner coal production. 
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1. Introduction 

The commercial coal production in the southern region 
of Brazil (comprising the Paraná, Santa Catarina, and Rio 
Grande do Sul states) has been occuring since the begin- 
ning of the twentieth century. Specifically in the Santa 
Catarina State, the production occurs at the “Irapuá”, “Bo- 
nito”, and, mainly, “Barro Branco” seams. These Gond- 
wanic coals are classified for the major part as a high- 
volatile bituminous in rank. The thickness of the “Barro 
Branco” seam ranges from 1.66 to 2.27 m, with an aver- 
age value of 1.80 m. However, net clean coal thickness is 
reduced to 0.47 - 1.48 m, due to the alternating layers of 
impure coal (shaley coal), carbonaceous shale, siltstone, 
and sandstones (Figure 1). Pyrite lenses, sometimes sev- 
eral centimeters thick, are also common [1]. 

Currently, the run-of-mine coal (ROM) is gravimetri- 
cally concentrated and almost entirely used for electricity 
generation. Due to the geological characteristics, large 
amounts of solid wastes are generated. It is estimated that 
more than 300 millions tonnes of coal waste exists in the 
south of Brazil, generating environmental impacts and 
economic costs. Regarding the Santa Catarina Coalfields, 
about 60% - 65% of the ROM coal is discharged at dump 
deposits as waste [2]. These wastes can lead to the for- 
mation of acid mine drainage (AMD), a source of ground 

and surface water pollution [3]. 
Through gravity concentration processes of this coal 

wastes it is possible to produce three output streams: 1) a 
low specific gravity material (relative density < 2.4) and 
more carbonaceous waste composed by shaley coal and 
carbonaceous shale; 2) an intermediated material (2.4 < 
relative density < 2.8) composed mainly by siltstone and 
sandstone; and 3) a high specific gravity material (re- 
lative density > 2.8) that is rich in pyrite. Presently, there 
has been some initiatives in Brazil to reprocess some coal 
wastes deposits with the purpose of recover part of the 
carbonaceous materials for energy production and, alter- 
natively, to concentrate the pyrite for sulphuric acid pro- 
duction. However, still remains the intermediate density 
material, which represents 40% - 50% in mass of the coal 
waste deposit and could be considered as a geomaterial 
for possible use in civil construction and agriculture [2]. 

A further serious problem is that the productive chain 
of civil engineering uses huge amounts of raw materials. 
In recent years, rapid development has led to an in- 
creased demand for river sand, which is largely used as a 
fine aggregate for construction. The extraction of sand 
from river bed and river bank may cause adverse affects 
on the environment, like river bank erosion, river bed 
degradation, and deterioration of river water quality. This  

Copyright © 2013 SciRes.                                                                                  GM 



C. R. SANTOS  ET  AL. 55

 

 

Figure 1. (a) Location of the southern Paraná Basin, Brazil; (b) Distribution of major coalfields in Rio Grande do Sul and 
Santa Catarina States; (c) Transect showing lithological profiles of the Barro Branco seam [1]. 

 
subject has been of concern in Brazil and other countries 
[4-6]. 

For example, segmented paving blocks are utilized 
worldwide and can be used in a large range of appli- 
cations. The conventional source of fine aggregates for 
paving blocks are river sand or, alternatively, artificial 
sand by crushing rocks [7]. However, previous research 
has shown that it is also possible to use some wastes to 
produce concrete paving blocks: for example, gasifica- 
tion residues [8], crushed clay bricks [9], and ceramic tile 
production wastes [10]. 

Thus, the aim of this work was to study the use of coal 
waste as fine aggregates to produce concrete blocks for 
paving. The article briefly evaluates the main technical 
and environmental parameters that are involved and fo- 
cused on the recycling part of the coal waste. The pre- 
sent study was undertaken from a scientific standpoint 
part of the effort to develop an effective coal cleaning 
process route focused on mitigating pollution problems 
associated with coal wastes worldwide. 

2. Experimental 

The coal waste was collected from the dump deposit of 
the “Verdinho Mine”, Santa Catarina State-Brazil, which 

extracts the “Barro Branco” seam. The material was sub- 
mitted to a laboratory dense medium separation process- 
ing that aimed at obtaining a fraction with relative den- 
sity between 2.4 and 2.8 [11]. This fraction was crushed 
in a roller mill and sieved to reach a similar size particle 
distribution of river sand, which is commonly used for 
paving block production in Brazil. The quartz river sand 
was obtained from Jacuí River, Rio Grande do Sul State 
—Brazil. Technological characterization of both materials 
included particle size distribution, specific weight meas- 
urements, visual observation in a petrographic magnify- 
ing lens, and mineral phase determination by x-ray dif- 
fraction. Elemental analyses of the fine aggregates were 
carried out by x-ray fluorescence (for Si, Fe, Al, Ca, K) 
and high temperature decomposition in a CHNS ana- 
lyzer (for C, H, N, and S). The main characteristics of 
both materials are resumed in Table 1. 

The concrete paving blocks were produced in a ver- 
tical shaft concrete mixer. The reference trace used 5.36 
kg of cement, 6.26 kg of coarse basaltic aggregate, 14.18 
kg of river sand aggregate, and a water/cement ratio of 
0.39. The coal waste was used as a substitute for river 
sand aggregate, considering the following volumetric 
levels of substitution: 0%, 25%, 50%, 75%, and 100%.  
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Table 1. Properties of the conventional quartz sand aggregate and the coal waste aggregate. 

Property Conventional quartz sand aggregate Coal waste aggregate 

Par m)  ticle size (m

Size distribution 0.15 to 4.0 0.15 to 4.0 

Densi dm3)  

D90 
D50 
D10 

2.0 
0.4 
0.15 

3.0 
1.0 
0.15 

ty (kg/

Real 
Appar

2.6 2.3 

P e Rounded and sub-rounded Angular 

ent 1.6 1.3 

article shap

Color Yellowish Grayish 

Mineralogical composition Quartz—SiO2 (major mineral phase) 

Quartz—SiO2 ineral phase), 

Illite—(K 2O)], 

(major m
Kaolinite—Al4(OH)8(Si4O10), 

, H ) [ H)2, (H3O)(Al, Mg, Fe 2(Si, Al)4O10 (O
. Gypsum—CaSO4.2H2O

Elemental composition (%)  

C 
H 
N 
S 
Si 
Fe 
Al 
Mn 
Ca 
K 

ND 2.6 
ND 
ND 
ND 
63.7 
1.0 
1.7 
0.03 
0.4 
3.1 

0.8 
0.1 
1.9 
47.0 
7.5 
14.0 
0.2 
4.2 
5.5 

 
Fo each level of substitution, the water/cement ratio was 

 

the apparatus [17]. Within the uniform space CIELAB, 

  

r 
reestablished to provide the same consistency of concrete 
[12]. The concrete pieces were molded in a manual press 
machine with a production capacity of six blocks per 
cycle. The blocks were molded in the “unipaver” shape 
with the following dimensions: 22.5 cm length, 12.0 cm 
width, and 8 cm height.  

The technological characterization of the paving blo- 
cks included the resistance to compression (at 7, 28, and 
90 days), abrasion resistance, water absorption, and co- 
lorimetric parameters (at 28 days) [13]. Compression 
strength, abrasion resistance, and water absorption were 
carried out in accordance, respectively, to Brazilian Stan- 
dard Procedures NBR 9780 [14], NBR 12042 [15], and 
NBR 9778 [16]. Color measurements of the concrete 
blocks were recorded by reflectance spectra obtained 
using a MINOLTA CM-2600D spectrophotometer with 
an integrations sphere associated with an ultraviolet filter. 
The illuminant D65, which simulates daylight and the 
standard observer at 10˚ were chosen. At the beginning 
of the experiment, the calibration was done with two re- 
ference points, the zero and the white standard. The color 
parameters a*, b*, and L* that corresponded to the uni- 
form color space CIELAB were obtained directly from 

two color coordinates, a* and b*, as well as a psy- 
chometric index of lightness, L*, are defined. a* takes 
positive values for reddish colors and negative values for 
the greenish ones, whereas b* takes positive values for 
yellowish colors and negative values for the bluish ones. 
L* presents an approximate measurement of luminosity; 
according to this property each color can be considered 
as equivalent to a member of the grey scale, ranging 
between black and white, taking values within the range 
of 0 - 100. All measurements were carried out in 6 sam- 
ples (n = 6), and the average and standard deviation was 
calculated. The statistical technique used to evaluate the 
differences between averages was the Analysis of Vari- 
ance (ANOVA), considering a significance level of 5%. 

Finally, the acid-generation potential of the raw waste, 
of the coal waste fine aggregates, and of the paving 
blocks at 28 days was conducted by the traditional me- 
thod of accounting for acids and bases (ABA) [18]. The 
objective was to determine the balance between the 
minerals that produce acidity (acidity potential—AP) and 
the minerals which consume acidity (neutralization poten- 
tial-NP). The net neutralization potential (NNP) was cal- 
culated from the difference between NP and AP. A sam- 
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Table 2. Properties of the concrete blocks for paving conside g different levels of substitution of river sand by coal waste 
aggregate. 

rin

Substitution of river sand aggregate by coal waste aggregate 
Property 

0% 25% 50% 75% 100% 

Wate 0.35 0.37 0.39 0.43 0.44 r/cement ratio 

Compressive strength (MPa)  

7 days 
28 days 
90 days 

28. 8a 

39. 9a 

a

33. 4b 

37. 6a 

b

34. b 

36. 4a 

b

28. 6a 

31. 7b 

c

24. 6a 

27. 1b 

c

Abrasion resistance (mm) 

1 ± 2.
5 ± 2.

40.7 ± 0.3  

0 ± 3.
6 ± 1.

36.2 ± 5.2  

2 ± 1.3
6 ± 1.

34.1 ± 4.4  
 

3 ± 1.
2 ± 2.

29.0 ± 3.8  

8 ± 4.
3 ± 3.

27.2 ± 4.8  

28 days 6.6 ± 0.0  a 7.5 ± 1.3  a 7.9 ± 0.0  a 8.1 ± 0.5  a 11.44 ± 3.0b 
Water absorption (%)  

28 days 4.9 ± 0.0a 5.3 ± 0.1a 5.4 ± 0.0a 6.9 ± 0.6b 8.0 ± 0.8c 
Colorimetric properties 

28 days 
*

 

L  
*a  

b* 

57.
−0.1 ± 0.2a 

a

55.
0.3 ± 0.5b 

a

52.
0.6 ± 0.3b 

a

53.
0.4 ± 0.2b 

a

53.
0.4 ± 0.1b 

a

Mass of fine aggregates of coal waste 
consumed per area of pavement (kg/m2) 

5 ± 2.7a 

7.4 ± 1.4  

4 ± 5.3a 

6.2 ± 1.8  

7 ± 4.1a 

7.6 ± 1.5  

2 ± 3.3a 

7.8 ± 1.6  

1 ± 3.0a 

6.4 ± 0.6  

0.0 12.1 24.2 36.4 48.5 

Av e same lette mpared horizont o not differ signi y from each othe

ncrete paving blocks with 

erage ± standard deviation. Values with th

 
rs co ally d ficantl r. 

Table 3. Acid generation prediction results of the raw waste, coal waste fine aggregate and the co
0% , and 50% of substitution of river sand by coal waste aggregate. , 25%

Concrete paving blocks 

Parameter Raw waste Coal waste aggregate 0%  
Substitution 

25% 50% 
Substitution Substitution 

Total S (%) 7.0 1.9 0.5 0.4 0.9 

AP (kg CaCO /t) 218.8 60.8 

NP (kg CaCO3/t) 0. 241. 430. 488.

For

3 15.7 12.2 27.5 

0 0.0 0 0 2 

NNP −218.8 −60.8 225.3 417.8 460.7 

mation of AMD Yes Yes No No No 

 
ple is  forming w t has NNP v  
less than −20 kg CaCO3/t and as non-acid forming when 

ssion 

oduced from the coal 
crystalline phase. The 

aggregates produced from coal tailings should be applied 

in levels of substitution o ver sand of no re than 
50%. 

%, at 28 days, statistically presents similar behav- 
io

classified as acid hen i alues

it has NNP values greater than +20 kg CaCO3/t. Samples 
are classified as uncertain when their values range from 
−20 to +20 kg CaCO3/t. 

3. Results and Discu

The mineral fine aggregates pr
waste have quartz as their major 
presence of kaolin, illite, and gypsum was also detected. 
The particles are angular in shape, due to the rock frag- 
mentation procedure. With regard to the presence of sul- 
fur, the concentration in the fine aggregate was deter- 
mined as 1.9%. This element is considered harmful for 
concretes, and most international standards recommend 
that the amount of sulfates and sulfides in aggregates for 
concrete production should not exceed the value of 1% 
[19]. Concerning the materials used in this work, the fine 

Table 2 shows the main technological properties of 
concrete blocks for paving, while considering the differ- 
ent levels of substitution. It can be observed that the con- 
crete block produced with levels of substitution of 25% 
and 50

f ri  mo

r of the reference blocks in terms of compressive resis- 
tance, abrasion resistance, and water absorption. In terms 
of the compression resistance, at 28 and 90 days the 
blocks attained, or are very close, to the value of 35 MPa 
which had been established by the Brazilian Legislation 
[13]. The colorimetric parameters demonstrate that the 
paving blocks produced with coal waste aggregates are 
imperceptibly darker (lower value of L*) when compared 
with the paving blocks produced with the conventional 
aggregate (Figure 2). 

With regard to the acid generation (Table 3), the ma- 
terial collected from the coal waste deposit presents a  
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Figure 2. Concrete paving blocks produced with varied 
levels of substitution of river sand by coal waste aggregate. 

 
high acid generation potential, with a sulfur content of 
7.0%, AP of 218.8 kg CaCO3/t, NP of 0.0 kg CaCO3/t, 

 
2.  exhibited a reduced acid generation potential, with a 

al discharged as
w

anta Catarina-Brazil
by

gate that 
vil construction. Concrete blocks for 
with 25% and 50% of recycled coal 

h. 

. Finkelman and H. Burger, “De- 
y and Chemistry of Permian 

Coals from the Paraná Basin: 2. South Santa Catarina 
Coalfield, Bra al of Coal Geology, 

 
and NNP of −218.8 kg CaCO3/t. The fraction used for 
fine aggregate production, with a density between 2.4 and

8,
sulfur content of 1.9%, AP of 60.8 kg CaCO3/t, NP of 0.0 
kg CaCO3/t, and NNP of −60.8 kg CaCO3/t. The paving 
blocks produced with 25% of substitution of river sand 
by coal waste aggregate presented an S content of 0.4%, 
AP of 12.2 kg CaCO3/t, NP of 430.0 kg CaCO3/t, and 
NNP of 417.8 kg CaCO3/t. These results showed that the 
manufacture of paving block provided an alkaline envi- 
ronment and prevented acid generation. 

With a safe level of substitution of 25%, the demand 
by coal waste aggregate was estimated to be 12.1 kg per 
m2 of paved area. Considering a run-of-mine coal pro- 
duction of a typical Brazilian underground mine of 
40,000 t per month, 60% of the materi  

Vol

aste, and 50% of this fraction separated between the 
relative densities of 2.4 and 2.8, it is possible to produce 
about 12,000 t of fine aggregates, which is sufficient to 
attend a paved area of about 1 km2. 

Finally, it should be considered that many coal pro- 
ducers and coal consumer companies in the world are 
working to avoid the environmental impacts of the coal 
production chain [20]. The same effort has been carried 
out in the carboniferous region of S , 

 means of the industries, government, and research ins- 
titutions, which are engaged to recover all the pollution 
provided by decades of coal exploration. Many has been 
developed to recover the degraded areas [21] and to treat 
the acid mine drainage [3]. However, we consider that 
part of the solution is to provide a useful destination to 
the coal mining tailings [20,22,23], considering the prin- 

ciples of recycling, sustainable development, and inte- 
grated mine tailings management [20,24,25]. 

4. Conclusion 

The results showed that it was possible to process the 
coal waste from the carboniferous region of Santa Ca- 
tarina-Brazil—and obtain a recycled fine aggre
can be used in ci
paving produced 
waste in substitution of river sand presented satisfactory 
results in terms of mechanical strength. The use of coal 
waste as a fine aggregate for concrete block paving manu- 
facture presents technical viability and environmental be- 
nefits. This practice can collaborate in clean coal produc- 
tion and enable socioeconomic development within the 
regional context. The demand by sand deposits can be 
minimized and a part of coal tailings can be used, reduc- 
ing the volume in coal waste deposits. We believe that 
this procedure can be applied to minimize the environ- 
mental problems in coal production in Brazil and other 
parts of the world. 
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