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INTRODUCTION 
 
Coal Bottom Ash (CBA) is one of the residues left over from 
the combustion of coal-fired power plants. Its low density 
makes it a potentially interesting material for interior use in 
buildings, notably for false ceilings, insulating walls and 
decorations. With this in mind, we are interested in studying a 
composite material made from coal bottom ash powder and 
plaster. If justified, this combination would contribute to the 
management of the several thousand tonnes (Omar 2022) of 
coal bottom ash stockpiled by the Anou Araren coa
of Niger (SONICHAR) in the north-east of the Republic of 
Niger. The aim of this study is therefore to formulate a 
building material composed of 80-micron sieved mineral coal 
bottom ash and construction plaster, to make a composite 
material that can be used for false ceilings, wall cladding and 
various decorative applications. If this combination does not 
alter the essential properties of plaster, it will make this 
construction material more affordable in terms of cost and 
availability. 
 

MATERIALS AND METHODS
 
Coal Bottom Ash: Coal bottom ash is a fairly heterogeneous 
and highly porous material, with a porosity of around 70% 
(Mahamadou et al. 2024). 
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Mineral coal bottom ash, a residue from power plants, is an under-exploited industrial waste in Niger 
its interesting properties, notably its low density. This study aims to add value to this material by developing 
an economical, high-performance composite combining bottom ash powder (
plaster, intended for interior applications such as false ceilings, wall coverings and decorations.
different proportions of clinker (0-70%) were formulated to assess their mechanical strength and thermal 
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This material is characterized by interesting pozzolanic 
properties (Mahamadou et al. 2021), making it a promising 
raw material for the elaboration and/or improvement of 
hydraulic binders. At the boiler outlet, mineral coal bottom ash
comes in the form of aggregates of varying dimensions, with 
characteristics depending on the base coal and the technology 
used. According to (Mahamadou 
encountered in most cases are: silica SiO
oxide Fe2O3, lime CaO, magnesia MgO, sodium oxide Na
potassium oxide K2O, titanium oxide TiO
P2O5, sulfuric anhydride SO
chemical compositions found in the literature.
fractions used are those passing 
(Figure 1) and whose particle size curve is shown in Figure 2.
 

 
Figure 1. Coal Bottom Ash powder
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Figure 2. Particle size distribution of CBA 0/80 µm 
 

Plaster: The plaster used in our study comes from the 
Egyptian company PLATERIE EL DJABAS with the 
following characteristics provided by the manufacturer: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 H20 crystallization: 4.30; 

 Compressive strength: 13.26 MPa; 

 Flexural strength: 03 MPa; 

 Recommended water/plaster ratio: 0.70 to 0.80 ; 

 Setting time: 4 min to 6 min ; 

 Setting time: 8 min to 15 min. 
 

METHODOLOGY 
 
To assess the performance of the CBA-plaster (M-P) material, 
we produced 4x4x16 (cm) prismatic specimens using mortars 
containing clinker and construction plaster in varying 
proportions. For this purpose, 07 types of mixes were 
produced in accordance with the proportions shown in Table 2. 
These mortars will be used to assess the impact of the addition 
of clinker powder on the mechanical strength of the plaster. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Chemical composition of CBA 
 

Auteurs 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 
(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  
(Sigvardsen, Ottosen 2018)  47.1   23.1   5.7   7.8   1.5   0.7   5.3   1.2    1.5  
(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   –   –   –  
(Baite et al. 2016) 62.32  27.21  3.57  0.50  0.95  0.70  2.58  2.15  - - 
(Singh, Siddique 2016) 56.44  29.24  8.44  0.75  0.4  0.09  1.24  - - - 
(Arenas et al. 2015) 64.45  15.89  7.77  3.92  2.45  0.89  1.6  - <0.01  <0.01  
(Menéndez et al. 2014) 49,97 26,95 8,34 8,28 1,12   0,78 2,25 0,95 0,11 
(Siddique 2013) 57.76  21.58  8.56  1.58  1.19  0.14  1.08  - - 0.02  
(Lee, Kim, Hwang 2010) 44,2 31,5 8,87 2 2,6   4,04 2,38 0,3 1,34 

 
Table 2. CBA - plaster proportions 

 
Mixes Proportions (%) 

CBA Plaster 
M-P0 0 100 
M-P1 20 80 
M-P2 30 70 
M-P3 40 60 
M-P4 50 50 
M-P5 60 40 
M-P6 70 30 

M-P specimens are made from mortars with a water/binder ratio (E/L) as defined in Table 3. 
 

 
Table 3. Water/binder ratio (W/B) of mortars 

 
Mortars Ratio (E/L) 
M-P0 0.5 
M-P1 0.5 
M-P2 0.5 
M-P3 0.55 
M-P4 0.55 
M-P5 0.6 
 M-P6 0.6 

 

 
 

Figure 3. Tests and measurements on M-P specimens 
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Compression test on M-P specimens: Uniaxial compression 
tests will be carried out on the various specimens after 07 
days, using a universal press fitted with a test body as shown 
in Figure 4. 
 

 
 

Figure 4. M-P Uniaxial compression test 
 

Thermal conductivity measurements on M-P specimens: 
Measurements will be carried out using the Sciencéthic 
thermal resistance meter Ref. 005 027 (Figure 5). The 
measurement principle is based on exploiting the phenomenon 
of steady-state heat conduction. Under steady-state conditions, 
when temperatures no longer change over time, each plane has 
a homogeneous temperature over its entire surface, and the 
thermal resistance of the material can be determined using the 
relationship: 
 

Rth = 
(𝐓𝟏 – 𝐓𝟐)

𝚽
 

 
Rth: wall thermal resistance in K.W-1  
T1; T2: temperatures of the two surfaces in degrees Kelvin 
(K).  
Φ: thermal flux or thermal power in watts (W)  
A material's thermal resistance depends on its thickness d, 
surface area S and thermal conductivity λ. It is given by the 
relationship: 
 
Rth = 

𝒅

𝛌 .𝐒
 

 
Measurements of Rth and the material's dimensions d and S 
are used to determine its thermal conductivity λ (W m-1K-1). 
 

RESULTS 
 
Compressive strength: The average 7-day fracture stress 
values obtained for the different M-P series are shown in the 
histogram in Figure 6, which compares compressive strengths 
as a function of clinker content. 
 
Thermal conductivity: The results of thermal conductivity 
measurements on M-P specimens are listed in Table 4 below. 

 
 

Figure 5. Thermal resistance meter (Manufacturer: Sciencéthic, 
Ref.005-027) 

 

 
 

Figure 6. Compressive strength of M-P mortars 
 

Table 4. Thermal conductivity of M-P specimens 
 

Mortars λ (W/mK) 
M-P0 0,375 
M-P1 0,384 
M-P2 0,39 
M-P3 0,392 
M-P4 0,401 
M-P5 0,401 
 M-P6 0,402 

 

ANALYSIS AND DISCUSSION 
 
Analysis of the curve showing the evolution of the average 
break stress of M-P specimens as a function of the rate of 
substitution of plaster by CBA (Figure 7) shows an increase in 
compressive strength for clinker proportions not exceeding 
35%. In other words, the addition of CBA to this mix can save 
up to 35% plaster, with compressive strengths much higher 
than those obtained with plaster mortar alone (25 MPa). From 
the graph in Figure 8, it can be seen that the thermal 
conductivity of the specimens increases with the rate of CBA 
substitution. Although this increase is slight, it can be 
concluded that Coal Bottom Ash is thermally less resistant 
than plaster.We then note that, as in the case of (Amina 2015) 
who worked on “the study of the durability and thermo-phonic 
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behavior of gypsum concretes reinforced with date palm plant 
fibers”, the addition of the secondary constituent did not 
significantly alter the thermal properties of the plaster.
 

 
Figure 7. Evolution of break stress as a function of the propor

of CBA 
 

 
Figure 8. Thermal conductivity as a function of % CBA

 
M-P panels can be used in various parts of buildings, including 
infill walls, insulation systems and decorative elements, as 
shown in the illustration in Figure 9. 
 

 
Figure 9. Building with M-P walls

 

CONCLUSION 
 
The study of different M-P mixes reveals the possibility of 
improving the technical performance of plaster. Indeed, adding 
clinker powder to plaster in a substitution proportion not 
exceeding 35% considerably increases compressive strength 
(up to 1.32 times for 20% clinker). The thermal conductivity 
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behavior of gypsum concretes reinforced with date palm plant 
fibers”, the addition of the secondary constituent did not 
significantly alter the thermal properties of the plaster. 

 

Evolution of break stress as a function of the proportion 

 

Thermal conductivity as a function of % CBA 

P panels can be used in various parts of buildings, including 
infill walls, insulation systems and decorative elements, as 

 

P walls 

P mixes reveals the possibility of 
improving the technical performance of plaster. Indeed, adding 
clinker powder to plaster in a substitution proportion not 

compressive strength 
(up to 1.32 times for 20% clinker). The thermal conductivity 

values obtained on all the specimens suggest good insulating 
properties. However, the higher the clinker content in the 
mortar, the lower the thermal resistance of the mix.
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