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Abstract: CBA (coal bottom ash) is an industrial waste generated by coal fired thermal power plant. In this work, we investigate the 
utilization as an additive material in composite cement of CBA resulting from the firing of the coal extracted in Tefereyre mine (TCBA) 
in a thermal power plant in Niger. Our investigations are carried out by using compressive mechanical tests on 40 × 40 × 160 mm3 

mortar specimens. These mortar specimens are made with a partial substitution of the cement by TCBA at levels of 0%, 5%, 10%, 15%, 
20% and 25% by mass. The tests were performed on the specimens at 7, 14, 28, 45 and 56 days of age. The results were used to evaluate 
the pozzolanic activity index as the ratio of the compressive strength of mortar containing 25% of coal bottom ash on that of the  
control mortar containing 100% of cement, according to ASTM C618. From these data, the maximum rate of TCBA addition in 
Portland cement was derived.  It was found that TCBA has a pozzolanic activity index of about 71% at 28 days and displays a 
maximum substitution rate of 15% in Portland cement. These results strongly support the development of composite cement using 
TCBA. 
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1. Introduction  

The hydraulic concrete is one of the most used 
building materials in the world for its mechanical 
performance, fire resistance and competitive cost. Its 
production is mainly based on the use of Portland 
cement. However, conventional cement manufacturing 
releases large amounts of CO2 (carbon dioxide) well 
known for its negative impact on the environment as a 
greenhouse gas. The CO2 emissions from the cement 
industry were estimated at almost 5%–7% of global 
CO2 emissions with 0.9 ton of CO2 emitted into the 
atmosphere for producing one ton of cement [1]. This 
CO2 comes from two major complementary sources: i) 
the fossil energy consumption necessary to produce 
very high temperatures in order to obtain the clinker, 
and ii) the transformation process of limestone (CaCO3) 
under the effect of heat into lime (CaO) and carbon 
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dioxide (CO2). More than 60% of CO2 during the 
conventional manufacturing of cement comes from this 
later phenomenon.  

One solution that the cement industry has developed 
in order to reduce CO2 emissions is the partial 
substitution of clinker in Portland cement by 
pozzolanic materials additions such as natural 
pozzolan[2], metakaolin[3], and industrial waste 
including blast-furnace slag [4], silica fume, fly ash 
[5, 6]and coal bottom ash[7, 8]. In addition to the 
reduction of CO2 emissions, the utilization of 
pozzolanic materials in cement also provides other 
benefits. The first one is the economic advantage due 
to the substitution of a part of the expensive Portland 
cement by cheaper, environmental friendly, natural 
pozzolans or industrial waste [9]. The second one is the 
increased durability of the end product [2] thanks to the 
improvement of the compactness of the composite 
cement paste due to the formation of second generation 
calcium silicate hydrates CSH II [7, 8]. 
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The third advantage is the limited impact of the 
pozzolanic materials addition on the conventional 
manufacturing process of Portland cement. This 
characteristic opens the possibility to convert large 
amounts of industrial and societal waste into 
sustainable building materials[5, 10] at a competitive 
cost. 

In the case of CBA, the first work was conducted in 
1999 on CBA produced in Brazil [7]. These authors 
studied the possibility of using fine fraction (passing 75 
μm sieve) of coal bottom ash as mineral addition in 
Portland cement. They obtained a pozzolanic activity 
index i = 88%, which increases when making further 
grinding to increase the fineness of the bottom ash. In 
2007, a study showed that CBA produced in Turkey 
used to partially replace cement with a substitution rate 
of 10% increases the compressive strength of about 6% 
compared to ordinary cement [8]. In 2013, It is also 
showed in the literature that the grinding bottom ash 
can effectively replace up to 20% of cement without 
reducing the strength class of the concrete [9]. 

The present work goes after those predecessors. Its 
main objective is to study the usability as cement 
additive of coal bottom ash resulting from the 
combustion of coal extracted from Tefereyre mine (75 km 
north-west to Agadez City in Niger). Taking into 
account the large amount of the stock of these 
industrial waste (circa 3 million tons) as well as the 
average flux of 150,000 tons discharged per year, the 
ultimate goal of this study is to help finding a 
sustainable solution for both the environmental 
problems generated by fired coal electricity production 
and the crucial need of comfortable and affordable 
houses in Niger. 

2. Materials and Methods 

2.1 Materials 

2.1.1 TCBA (Tefereyre’s Coal Bottom Ash) 
Tefereyre’s coal bottom ash was grinded to obtain 80 

micron sieve passing. TCBA fineness is an important 
factor in this study because the more the addition is fine 

the higher is the reaction [8]. Table 1 gives the    
physical characteristics of TCBA. It has a specific 
density of 2.31 t/m3 and a bulk density of 0.77 t/m3. 
These values correspond to those obtained in the 
literature[11, 12]. The BET (Brunauer-Emmett-Teller) 
specific surface area obtained is 13.89 m²/g and the Los 
Angeles index of the bottom ash is 62.78%. 

Chemical analyses of TCBA (Table 2) made by 
Vinai R. et al [13] show that the content of hazardous 
elements is within the acceptable range recommended 
by WHO (World Health Organization). Leaching tests 
show that the amount of detected elements are below 
the examples in the literature [10], and the 
concentration of heavy metals detected in leachate is 
below the thresholds proposed by German standards [14]. 
Thus, the danger due to heavy metals is mainly the 
possibility of accumulation in the human body. 

XRD (X rays diffraction) tests show that 61.3% of 
bottom ash is in amorphous form due to combustion 
temperatures[13]. Also the SEM (Scanning electron 
microscopy) analysis and XRD analysis showed that 
the silica, aluminum and iron oxides is about 99% of 
the total mass of the bottom ash [13].  

As it can be followed from Table 3, the sum of SiO2, 
Al2O3 and Fe2O3 concentrations in TCBA is 93.10%, 
showing that the chemical composition criteria is 
 

Table 1  Physical properties of TCBA.  

Tests Norm use Obtained 
results 

Bibliographic 
reference 

Specific 
density EN 1097-7 2.31 (t/m3) [11] 

Bulk density P 94-050 0.77 (t/m3) [12] 
BET surface 
area - 13.89 (m²/g) - 

Los Angeles 
index 

NF P 
18-573 62.78 (%) - 

 

Table 2  Chemical analysis of TCBA [13].  

Elements Mg Al Si K Ti Fe 
Wt% 1.04 27.90 59.59 5.33 2.68 3.90 
At % 1.23 30.01 61.53 3.97 1.63 2.05 

 

Table 3  Mineralogical composition of TCBA [13].  

Oxide MgO Al2O3 SiO2 K2O TiO2 FeO CaO
Wt% 0.95 27.21 62.32 2.58 2.15 3.57 0.5 
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