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ABSTRACT 
 

Mineral coal bottom ash (CBA) is a by-product of coal combustion in power plants. Its potential use 
in building materials has attracted interest due to its beneficial properties and environmental 
implications. The aim of this study is to assess the feasibility of using mineral coal slag from the 
Anou Araren coal company in Niger (Sonichar), in combination with plastic waste, in various 
construction applications. In this case, the focus is on compressive strength and slip potential for 
floor coverings. Following a technical characterization of the various elements involved in the 
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production of the proposed material, 02 firing methods are described, with the advantages and 
disadvantages of each. Mixtures with varying proportions of plastic waste and bottom ash 
(30%/70%, 40%/70% and 50%/50%) were studied. For the mix selected, the results show that the 
CBA/plastic waste material has good compressive strength and low slip potential, making it suitable 
for use in a variety of construction applications. 
 

 
Keywords: Coal bottom ash; plastic waste; recycling; environment; circular economy; Niger. 
 

1. INTRODUCTION 
 
The collection, management, and recycling of 
plastic waste remain a major issue in the 
development of African cities in general, and 
those of Niger in particular. Recycling this 
environmentally harmful waste, with other bulky 
by-products of local industry, will undoubtedly 
improve urban hygiene and beautify our cities. 
This is all the more important because the 
depletion of raw materials makes it more difficult 
to continue producing them. Today, recycling our 
waste can be seen as a sustainable solution for 
reconciling production, consumption, and 
environmental protection. Indeed, the 
preservation of the environment and its many 
socio-economic issues occupy an important 
place in the challenges of this century. 
 
The relentless growth in production is leading to 
declining levels of natural reserves of raw 
materials and generating large quantities of 
waste (Ndiaye, 2006). Waste is both a risk and a 
resource. If not carefully disposed of, it can 
damage landscapes, pollute the environment, 
and expose people to nuisances and dangers, 
some of which can be very serious (Desachy, 
2001). On the other hand, this waste can be 
recycled and reused to create a circular 
economy. The latter is the purpose of the present 
work, to recycle the mineral coal bottom ash in 
the building industry. SONICHAR's bottom ash 
potential (the plant has been operating in 
northeastern Niger since 1981) exceeds 3.5 
million cubic meters of reserves (Omar 2022). 
 
This study aims to formulate a construction 
material composed of mineral coal bottom ash 
from the Nigerien Coal Company of Anou Araren 
combined with melted plastic waste recovered 
from the city of Niamey (Niger), to make a 
composite material suitable for floor coverings 
(tiles and pavers), various decorations, masonry 
work, and urban development. The specificity of 
the proposed material lies in the fact that, unlike 
many studies which use CBA as aggregates in 
concrete and mortar, the method employed 

consists in fusing the plastics to form the matrix 
without the use of cement.    
 

2. MATERIALS AND METHODS 
 

2.1 Coal Bottom Ash (CBA) 
 
Coal bottom ash is a greyish, heterogeneous, 
and highly porous material (67% porosity (Vinai 
et al. 2013)). It has a high amorphous phase and 
pozzolanic properties, making it a potential raw 
material for the cement industry. Its activity index 
depends on its chemical composition and the 
nature of the coal used. By way of example, 
TEFEREYRE (SONICHAR) bottom ash in Niger 
has a pozzolanic activity index of around 76% 
(Savadogo et al. 2015). It is an aggregate in the 
form of grains of varying dimensions. Fig. 1 
provides information on a range of grain sizes 
from the bibliography. For this study, only 02 mm 
sieve passings are used. 
 
Depending on the source, coal type, and plant 
technology, mineral coal bottom ash has a 
variety of chemical compositions. The oxides 
encountered in most cases are silica SiO2, 
alumina Al2O3, iron oxide Fe2O3, lime CaO, 
magnesia MgO, sodium oxide Na2O, potassium 
oxide K2O, titanium oxide TiO2, phosphorus 
oxide P2O5, sulfuric anhydride SO3. Table 1 
shows a selection of compositions found in the 
literature. The literature describes various 
physical characteristics of mineral coal slag, but 
the most relevant include specific weight, 
fineness modulus, and water absorption 
coefficient. Table 2 gives some examples. 
 
Niger's mineral coal bottom ash (Fig. 3a) comes 
from the SONICHAR power plant (Anou- Araren). 
This power plant exploits the Anou Araren 
mineral coal deposit located 75 km northwest of 
the city of Agadez in the Republic of Niger. Fig. 2 
shows the particle size distribution of 
SONICHAR's coal bottom ash. Tables 3 and 4 
give the percentage composition of major oxides 
(determined by XRF) and the physical 
characteristics of the mineral coal slag studied. 
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Fig. 1. Granulometry of coal bottom ash in literature (Singh et al. 2018) 
(1) Syahrul et al. 2010, (2) Sanjith J, Kiran B M, Chethan G 2015, (3) Andrade et al. 2008, (4) Kim, Lee 2011, (5) 

Singh, Siddique 2013, (6) Rafieizonooz et al. 2016, (7) Press 2007, (8) Zainal Abidin et al. 2014, (9) 
Kasemchaisiri, Tangtermsirikul 2008, (10) Siddique et al. 2012 

 

Table 1. Chemical composition of CBA 
 

Authors SiO2  Al2O3  Fe2O3  CaO  MgO  Na2O  K2O  TiO2  P2O5  SO3  

Men, Argiz 2021 52.2 27.5 6 5.9 1.7   0.57 1.53 0.74 0.13 
Wie, Lee 2020 62.33  25.52  4.16  1.00  0.94  0.08  3.25  0.84  0.12  - 
Singh, Bhardwaj 2020 65.02  19.18  6.86  1.76  2.00  0.85  - 0.93  0.04  - 
Hashemi et al. 2019 50.49  27.56  10.93  4.19  1.24  0.57  0.82  2.23  0.24  0.10  
Mangi et al. 2018 52.5  17.65  8.30  4.72  0.58  - - 2.17  - 0.84  
Ge et al. 2018 59.82  27.76  3.77  1.86  0.70  1.61  0.33  - - 1.39  
Sigvardsen, Ottosen 2018  47.1   23.1   5.7   7.8   1.5   0.7   5.3   1.2     1.5  
Argiz et al. 2017 52.2  27.5  6.0  5.9  1.7  - 0.6  1.53  0.74  0.13  
Oruji et al. 2017 58.7  20.1  6.2  9.5  1.6  0.1  1.0  - 1.0  0.4  
Shahbaz et al. 2017 44.10   9.21  24.30  13.00   1.88   –  1.25   –   –   –  

 

Table 2. Physical characteristics of CBA 
 

Reference Specific weight Thinness module Water absorption (%) 

Majhi, Nayak 2019 2.45 2.14 8.50 
Kuan et al. 2017 2.20 2.55 25.20 
Baite et al. 2016 2.20 2.71 20.15 
Kim et al. 2016 2.08 3.43 18.30 
Zhang, Poon 2015 2.21 3.3 11.17 
Onprom et al. 2015 2.10 2.10 6.80 
Cadersa et al. 2014 2.88 3.70 25.70 

 

Table 3. Chemical composition (% by weight) of SONICHAR CBA 
 

SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 LOI Sum 

55.72 1.82 24.42 5.34 0.01 0.47 0.34 0.04 1.86 0.05 8.35 98.43 
 

Table 4. Physical parameters of SONICHAR coal bottom ash 
 

Parameter Value 

Specific Mass (g/cm3) 2.66 
Thinness module 3.45 
Water absorption (%) 20 
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Fig. 2. Granulometric curve for CBA 
 

2.2 Plastic Waste 
 

The plastics used come from household waste 
such as bags and cans (Fig. 3b) from the city of 
Niamey in Niger. After washing and drying, 
sorting is carried out to retain only polyethene PE 
(high and low density). Plastic waste preparation 
involves sorting, cleaning and drying plastic 
bags. Sorting enables plastics to be identified 
and classified according to their nature, to avoid 
the problem of disparity in melting points. When 
tested with a flame, the selected packaging bags, 
leak and give off paraffin-like odours; these are 
polyethene-type plastics. Cleaning involves 
removing any remaining contents from the bags 

and washing them with water. The plastic waste 
then, needs to be crushed and compacted, dried 
and stored in a dry place. 

 
2.3 Methodology 
 
For the study of the CBA-plastic waste material, 
we propose to produce test tubes in the form of 4 
x 4 x 16 cm prismatic specimens by melting 
plastic waste into which CBA with a grain size of 
0/2 mm is introduced. Three types of CBA-Plastic 
Waste mixtures (M-DP1, M-DP2, M-DP3) will be 
produced in the weight proportions described in 
Table 5.  

 

 
 

Fig. 3. Raw materials for briquette production 
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The aim of these different compositions is to 
determine the mix that will contain the maximum 
amount of CBA, while remaining homogeneous, 
compact and crack-free. To achieve this, the 
plastics are melted in two (2) ways: by means of 
a hot plate maintained at 250°C until the plastic 
waste melts, and by flame. Whichever melting 
method is used, briquette processing follows the 
main stages of the process described in the flow 
chart in Fig. 4. 
 

Table 5. Input dosage 
 

Mixture Proportion (%) 

Plastic CBA 

M-DP1 30 70 
M-DP2 40 60 
M-DP3 50 50 

 

For hot-plate melting (Fig. 5a), the equipment 
used consists of a hot plate with a range greater 
than or equal to 250°C, a metal can with a 
diameter greater than 16 cm, an extraction hood, 
a mixing tool, and a cutting saw. For flame 
melting (Fig. 5b), the equipment consists of a 
metal vessel, a traditional hearth (coal or wood-
fired), a mixing tool, a small shovel or large ladle, 
a formwork for prismatic specimens and a small 
hand-held tamper. 
 

For the manufacture of M-DP specimens, the 
following procedure was used for melting and 
mixing: the plastic bags are heated until melted, 
and then the CBA is introduced into the vat 
before the mixture is mixed: for the hot plate 
method, the CBA is preheated in an oven 
maintained at 250°C for two (2) hours, and the 
flame method (Fig. 5c), preheating is optional. 
 

For casting, cooling and demolding using the hot-
plate method: the metal box forms, both the 
melting tank and the formwork. At the end of the 
process, the can is destroyed to remove the 
resulting material, which is then cut into 4x4x16 
(cm) test tubes using a chainsaw. Cooling is 

carried out slowly in ambient air. Following the 
flame method, the mixture is poured into the 
formwork and compacted by hand (Fig. 5d). 
Here, cooling takes place more rapidly in water 
(Fig. 5e). In both (2) cases, demolding (Fig. 5f) 
takes place after the specimens have cooled 
completely. 
 
Tests and measurements on CBA and plastic 
waste specimens relating to physical properties 
and strength mainly concern the visual 
appearance of the material obtained, density, 
compressive strength and flexural strength. 
Density measurements were carried out on 
prismatic specimens measuring 4 cm x 4 cm x 16 
cm (a volume of 256 cm3). The uniaxial 
compression test on the specimens was 
preceded by a bending test to divide each 
specimen in two (2). 
 
The SRT pendulum test method is commonly 
used to assess surface properties (slipperiness), 
as specified in European standard EN 13036-4. 
This establishes the slip resistance classification 
for all flooring products, in both dry and wet 
conditions, by determining slip and the level of 
potential risk of injury. 
 

3. RESULTS  
 
3.1. Visual Appearance of Specimens 
 
Production of the M1 mix was complex, due to 
the difficulty of mixing because of the insufficient 
quantity of plastic; the fluidity and compactness 
of the resulting mortar left much to be desired, 
and this mix should be abandoned (Fig. 6a). The 
M-DP2 mix is more fluid and compact than the 
M-DP1 mix but shows a few small cracks after 
cooling (Fig. 6b). Mix M3 is fairly easy to 
produce, thanks to a sufficient quantity of plastic; 
the fluidity and compactness of the resulting 
mortar are quite interesting, so this mix should be 
retained for the rest of the study (Fig. 6c). 

 

 
 

Fig. 4. Briquette manufacturing process 
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Fig. 5. Some used equipment to manufacture briquettes 
 

 
 

Fig. 6. The visual appearance of mixtures 
 

3.2 Mixture Density 
 
Table 6 shows the density values for the three 
types of mixtures. These results show that the M-
DP3 blend is the densest. 
 

3.3 Compressive Strength 
 
Table 7 shows the tensile stress values for 
samples M-DP2 and M-DP3 (M-DP1 is excluded 
due to its low compactness). Fig. 7a shows 

details of the stresses and strains of the M-DP3 
mixture (plate method), which corresponds to the 
strongest sample (Table 7); its bending results 
are shown in Fig. 7b. 
 

3.4 Slip Test 
 
Table 8 shows the slip test results carried out on 
the M-DP3 mix. The average of 52 obtained over 
the five (5) tests allows us to deduce from Table 
9 that the potential slip level is low (1/1,000,000). 

 

Table 6. Density of M-DP specimens 
 

Mixture Test tube n° Test tube Mass (g) Volumic Mass (g/cm3) 

M-DP1 1 319 1.23 
2 313 

M-DP2 1 341 1.32 
2 334 

M-DP3 1 397 1.54 
2 390 
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Table 7. Compressive strength of M-DP specimens 
 

Mixture Fusion method Test tube n° Breaking stress 
(MPa) 

Mean Breaking 
stress (MPa) 

M-DP3 Hot plate 1. a 19.47 19.42 
1. b 19.15 
2. a 19.71 
2. b 19.33 

M-DP3 Flame 1.a 18.04 17.89 
1. b 17.96 
2. a 17.81 
2. b 17.75 

M-DP2 Flame 1.a 14.69 14.06 
1. b 14.38 
2. a 13.75 
2. b 13.44 

 

 
 

Fig. 7. Stress-strain diagrams and bending test on M-DP3 
 

Table 8. M-DP M3 blend PTV values 
 

Sample Test PTV value Mean 

M-DP3 1 55 52 
2 53 
3 49 
4 50 
5 53 

 
Table 9. PTV values and corresponding slip levels (Dennison 2019) 

 

Potential slip level Rating Probability of slipping 

High 0-24 PTV Up to 1 in 20 
Moderate 25-35 PTV 1 out of 100,000 
Low + de 36 PTV 1 out of 1,000,000 
Extremely low + de 75 PTV Less than 1 in 1,000,000 

 

4. DISCUSSION 
 
The use of plastic waste melted with CBA as a 
construction material is not very common in the 
literature. However, these 02 resources are used 
together as recycling aggregates, as in the case 
of (Kumar Gupta et al. 2021) who worked on the 
use of waste plastic aggregates and coal 

residues as a replacement for natural 
aggregates. 
 
The literature more frequently refers to plastic 
waste/sand or gravel mixes for the production of 
sustainable mortars and concretes. Due to the 
low density of clinker, the constraints associated 
with the use of plastic-waste clinker are quite 
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different from those of sand/plastic mixtures. 
However, the highest compressive strengths 
obtained at a plastic ratio of 50% corroborate the 
results of (Saïfoullah et al. 2020) and (Rijalalaina 
et al. 2014) for sand/plastic pavers and 
sand/plastic tiles respectively. On the other hand, 
contradictory results were obtained for another 
manufacturing method (with demolding after 72 
hours) used by (Ndepete et al. 2022). 
 
In the case of our study, test results on M-DP 
specimens show: 
 
-  A low density (1.54) compared with 

conventional building materials, coupled with 
an interesting compressive strength (19.42 
MPa), which could make this material a 
structural or filling element; 

-  And a low slip potential, making it ideal for 
use as floor coverings (tiles or pavers) in 
buildings. 

  
These results prove that M-DP panels can be 
used in various parts of buildings, including infill 
walls, floor tiles and decoration. Fig. 8 shows a 
computer-generated image of a possible 
application. 
 

 
 

Fig. 8. Floor and wall covering in M-DP panels 

 
5. CONCLUSION 
 
A study of the different mixtures of bottom ash 
and plastic waste reveals the great potential for 
using bottom ash in masonry, cladding and 
decoration. M-DP mixes have the advantage of 
being both light and strong. Their compressive 
strength is close to that of conventional 
concretes, making them ideal for use in fillers, 
structures, decorations and slabs of all kinds. As 
for its low slip potential, this bodes well for floor 
coverings. 
 
However, the use of masonry elements or 
cladding incorporating plastic and exposed to a 
variety of environments requires further study as 
to its durability. 
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