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Abstract: This project investigates the potential use of Coal Bottom Ash (CBA) as partial replacement of 

cement in concrete. The CBA used in this research work was obtained from Obajana cement plant in Kogi state of 

Nigeria, which was grinded and passed through 75µmm BS sieve. The result of the chemical composition of CBA 

shows that, the CBA falls within the limit of class C pozzolana. The result of AIV of coarse aggregate was found to 

be 18.9%, and that of ACV was found to be 18.6%. The specific gravity of both fine and coarse aggregate was found 

to be 2.65 respectively. The consistency of the cement-CBA paste increase with an increase of the CBA content. The 

compressive strength test at 28days curing for 0%, 5%, and 10% CBA replacement levels attain the target 

compressive strength (25N/mm2), while that of 15%, 20%, and 25% CBA replacement levels didn’t attain. The 

strength value at 5% CBA replacement level increased over that of the control before decreasing at the other higher 

replacement levels. The study however, shows that 5% replacement levels produce the optimum strength, and the 

strength of concrete increases with ages of curing. The SEM analysis test indicates that CBA act as filler and occupy 

the voids between the aggregates, thereby making the concrete more compact and having higher densities. 

      Keywords: Cement, CBA, Concrete, Slump, Compressive, Density and Scanning Electron Microscopy. 

 

1. Introduction 
In construction industry, the most widely used material is concrete; it is obtained by mixing 

cementitious materials, water and aggregates (fine and coarse aggregate). The mixture when placed in 

forms and allowed to cure hardens into a rock-like mass known as concrete. The chemical reaction is 

between the water and cement and it continues for a long time. In the 1980s, concrete was developed with 

silica fume in combination with super plasticizer to give increased strength, thereby creating new 

possibilities for concrete elements such as columns in high rise buildings [1], the new material is termed 

as high strength concrete (HSC).  

Coal bottom ash has been proposed as an alternative to cement that gives additional benefit to the 

concrete. The use of coal bottom ash as cement in concrete is expected to affect some properties such as 

the compressive strength, durability, strength development, workability and economy. The importance of 

compressive strength of concrete is such that for structural design purposes, the compressive strength is 

the criterion for quality [2]. Hence, the use of coal bottom ash in concrete mixtures will reduce not only 

the high demand for cement but also the environmental burden. Moreover, the incorporation of coal 

bottom ash will offset the cost of the production of concrete. In brief, the successful utilization of coal 

bottom ash will turn this waste material in to a useful and valuable resources and the current global 

emphasis on “waste for wealth (WFW)”, as well as the environmental impact of such waste has prompted 

the need for research and development of waste into useful material. 

The main difference between coal fly ash and coal bottom ash involves geometry and particle size. 

Coal fly ash particles are generally spherical with a diameter of 1–150μm. However, the particles of coal 

bottom ash are irregular and range from fine gravel to natural sand. Because of this size, it is used as a 

sand replacement in concrete. While there is some published research available on the use of bottom ash 
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as a partial or total fine aggregate replacement for natural sand [3], [4], [5], there are few papers that deal 

with bottom ash as a binder [6], [7]. 

To use BA as a pozzolanic material, the chemical properties should follow [8] for fly ash Class F or 

Class C. In addition, the BA must be ground until the particles retained on a No. 325 sieve are at least 

25% by weight to achieve a good pozzolanic material. The utilization of BA as a pozzolanic material 

presents a good alternative for cement, reduction of the amount of CO2 and the cost of concrete 

production; it will also help to solve the problems associated with landfills and environmental impacts due 

to reduction of OPC usage [9]. 

Annual worldwide coal ash production is estimated at 600 million tons, with coal fly ash 

constituting around 500 million [10]. One published study reports that in the European Union (EU) 

member-states (referring to what certain commentators call the EU-15), the amount of CCPs produced in 

2010 was over 48 million tons (65.6% coal fly ash and 8.3% coal bottom ash) [11].  

With regard to the durability of coal bottom ash, while natural carbonation testing on mortar has 

shown a lower carbonation resistance than plain mortar, insignificant differences were obtained when 

10% of bottom ash was used [12], [13]. 

The significance of the present research involves assessment of the feasibility of the utilization of 

grinded coal bottom ash (CBA) in concrete as a replacement for cement. 

 

2. Materials and Methods 
2.1. Materials 

The Coal Bottom Ash used in this research work was obtained from Obajana Cement Plant, being 

the largest cement plant not only in Nigeria but also the biggest in the entire Africa in Kogi state of 

Nigeria. The coarse aggregate used in this research work was obtained from Nagarta crushing plant along 

Sokoto road opposite Nigerian College of Aviation and Technology (NCAT) Zaria. Locally available sand 

was used as fine aggregate, obtained from river sand in Zaria. The cement used in this research work is 

grade 42.5N Dangote brand of Ordinary Portland. The university water supply which is fit for drinking 

was used throughout this research work, and all the materials used are tested in accordance to the relevant 

codes to determine their suitability or otherwise. 

 

2.2. Methods 
The determination of initial and final setting time, soundness, and standard consistency of cement -

CBA paste is in accordance with BS3892: Part 1:1997 Clause 10. Determination of chemical composition 

of CBA is in accordance with BS3892: Part 1:1997 Clause 12. Determination of concrete strength in 

accordance with [14]. The determination of Specific Gravity value of both Fine and Coarse Aggregate is 

in accordance with ASTM D854-14.  

 

2.2.1. Mix Proportion 
The mix design was done by ratio and proportion method using 1:2:4, grade20 and the water to 

cement ratio used in this research work was 0.5, and is in accordance with British Standard. 

 

3. Results and Discussions 
3.1. Preliminary Tests on the Aggregates 

The result of the specific falls within the recommendation given by ASTM D854-14 which 

recommends a standard minimum value of 2.6 and maximum value of 2.9 for fine and coarse aggregates 

respectively. 

 
Table 1. Results of specific gravity test 

Type of Aggregate Specific Gravity 

Coarse Aggregate 2.63 

Fine aggregate 2.63 

       Source: Author 

 

The AIV found is within the range of 0 to 30%. This shows that the aggregates are good for 

engineering works. 
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Table 2. Result of AIV test conducted on coarse aggregate 

Type of Aggregate  AIV (%) 

Coarse Aggregate  18.9 

        Source: Author 

 

The ACV found is within the range of 0 to 30%. This shows that the aggregates are good for 

engineering works. 

 
Table 3. Results of ACV test conducted on coarse aggregate 

Type of Aggregate  ACV (%) 

Coarse Aggregate  18.6 

        Source: Author 

 

According to EN196-6. [15], specifies that the fine aggregate particles suitable for construction 

should be smaller than 5mm. About 97 % of the sample passes the 4.76mm aperture sieve, which makes it 

suitable for use as fine aggregate. Figure 1 shows percentages passing through each sieve size.  

 
Table 4.  Result of sieve analysis test conducted on fine aggregate 

BS sieve sizes (mm) mass retained 

(g) 

% mass retained Cumulative% mass 

retained 

%passing 

4.76 16 3.2 3.2 96.8 
2.36 32 6.5 69.7 90.3 
1.18 115 23.3 33.0 67.0 

0.600 183 37.0 70.0 30.0 
0.300 111 22.5 92.5 7.5 
0.150 25 5.1 97.6 2.4 
Pan 12 2.4 100.0 0.0 

       Source: Author 
 

Figure 1. Graph of percentage passing (%) against sieve sizes in mm for fine aggregate. 

 
    Source: Author 

 

The figure shows a well graded particle size which produces a workable and durable concrete. 

 
Table 5. Result of sieve analysis test conducted on coarse aggregate 

BS sieve sizes 

(mm) 

Wt. retained (g) % retained Cumulative% 

retained 

Cumulative 

%passing 

38.1 0 0.0 0 100.0 
25.4 3425 28.5 28.5 71.5 

19.05 5350 44.6 73.1 26.9 
12.7 3208 26.7 99.9 0.1 
9.25 10 0.1 100.0 0.0 
6.35 5 0.0 100.0 0.0 
Pan 0 0.0 100.0 0.0 

    Source: Author 
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Figure 2. Graph of Percentage Passing (%) against sieve sizes for coarse aggregate. 

 
     Source: Author 

 

The graph shows a well graded particle size which produces a workable and durable concrete with 

minimum void space. 

 

3.2. Chemical Composition of Coal Bottom Ash (CBA) 
From table 6 below, SiO2 is 48.771%, Fe2O3 is 6.774%, and Al2O3 is 11.096% which sums to 

66.641% which also corresponds to the specifications provided in ASTM C618-2008 for class C 

pozzolana. In the presence of water, Class C pozzolana hardens and gets stronger over time. Class C 

pozzolana generally contains more than 20% lime (CaO). Also, class C pozzolana in addition to having 

pozzolanic properties, also has some cementitious properties when compared with cement as per 

BSEN197-1. [16].   

 
Table 6. Result of Chemical Composition of Coal Bottom Ash 

Elements Concentration (%) 

SiO2 48.771 

Al2O3 11.096 

CaO 22.819 

Fe2O3 6.7740 

K2O 1.677 

MgO 1.356 

Na2O3 0 

P2O5 1.223 

SO3 3.969 

Cl 0.452 

TiO2 1.526 

Cr2O3 0.012 

Mn2O3 0.144 

SrO 0.175 

             Source: Author 
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Figure 3. Chemical Constituents of CBA in Percentages 

 
     Source: Author 

 

3.3. Cement Properties  
Tests were carried out to determine the properties of cement, consistency, setting time and 

soundness of cement-CBA paste in accordance to relevant codes and specifications BSEN196-2. [14]. 

 

3.3.1. Consistency Test Result 
From table 7 below, the Cement-CBA paste at each replacement level is considered to be at normal 

consistency in accordance with BSEN196-3. [17] specifications. 

 
Table 7. Result of consistency test of cement-CBA paste 

S/No. Replacement 

Levels (%) 

Mass of 

Cement (g) 

Mass of 

CBA (g) 

Mass of 

Water (g) 

Plunger 

Penetration (mm) 

Consistency 

Value (%) 

1 0 400 0 130 7 32.5 

2 5 380 20 138 5 36.3 

3 10 360 40 152 7 42.2 

4 15 340 60 162 5 47.6 

5 20 320 80 178 6 55.6 

6 25 300 100 194 7 64.7 

Source: Author 

 
Figure 4. Consistency of Cement-CBA Paste 

 
 Source: Author 

 

From figure 4 above the consistency is increasing as the percentage of CBA is increasing 
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3.3.2. Setting Time Test Result 
From figure 5 below, the initial setting time increases with an increase in the percentage of CBA, 

this implies that the heat generated from the reaction of cement with water is reduced. Thus, the rate of 

hardening of cement paste also reduced. Also, the final setting time increases with an increase in the 

percentage of CBA because of the increase in carbon content. Both the initial and final setting time values 

fall within the acceptable limits specified by BSEN196-3. [17]. 

 
Table 8. Result of setting time measurement of cement-CBA paste 

S/No Replacement 

levels (%) 

Setting Times (Min) Retardation Relative to Control 

(Min) 

  Initial Final Initial Final 

1 0 120 180 0 0 

2 5 132 194 12 14 

3 10 136 200 16 20 

4 15 146 218 26 38 

5 20 154 230 34 50 

6 25 174 250 54 70 

Source: Author 

 

Figure 5. Relationship of setting times with various CBA replacement levels. 

 
 Source: Author 

 

3.3.3. Soundness Test Result 
From figure 6 above, the values of soundness obtained at each replacement levels falls within the 

acceptable limit specified by BSEN196-3. [17].  

 
Table 9. Result of soundness test of cement-CBA paste 

S/No Replacement levels Indicator point Soundness (mm) 

Initial (mm) final (mm) 

1 0 10 11 1 

2 5 11 12 1 

3 10 9 9 0 

4 15 11 11 0 

5 20 12 12 0 

6 25 11 11 0 

Source:  Author 
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Figure 6. Relationship of soundness with various CBA replacement levels. 

 
 Source: Author 

 

3.3.4. Compressive Strength Test 
From Table 10 and figure 7 below, compressive strength decreased as percentage of CBA increased, 

however the 5% CBA replacement concrete presented an exception. The strength value increased over 

that of the control before decreasing at the other higher replacement levels. The compressive strength test 

at 28days curing for 0%, 5%, and 10% CBA replacement levels attain the target compressive strength 

(25N/mm
2
), while that of 15%, 20%, and 25% CBA replacement levels didn’t attain. 

 
Table 10. Result of Compressive Strength Test of Cement-CBA Concrete. 

Replacement level (%) Cube Strength 

N/mm
2
 at 7days 

curing 

Cube Strength 

N/mm
2
 at 14 days 

curing 

Cube Strength 

N/mm
2
 at 28 days 

curing 

0 24.89 25.78 26.18 

5 25.33 26.22 26.67 

10 24.00 24.89 26.13 

15 15.56 16.71 18.67 

20 14.67 14.67 17.78 

25 13.78 15.11 17.69 

Source: Author 

 
Figure 7. Compressive Strength of Cement-CBA Concrete 

 
Source: Author 
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3.3.5. Density Test of Cement-CBA Concrete 
From Table 11 and figure 8 above, the densities slightly decreased as CBA percentage increased 

especially at 14 and 28 days curing periods. However, 5% CBA presented higher density over that of the 

control concrete. 

 
Table 11. Result of Density Test of Cement-CBA Concrete. 

Replacement level (%) Cube Density Kg/m
3
 

at 7days curing 

Cube Density Kg/m
3
 

at 14days curing 

Cube Density Kg/m
3
 

at 27days curing 

0 2266.67 2539.26 2533.33 

5 2604.44 2574.81 2557.08 

10 2536.30 2527.41 2518.52 

15 2533.33 2503.70 2491.85 

20 2562.96 2465.19 22462.22 

25 2515.56 2459.26 2456.30 

Source: Author 

 
Figure 8. Density of Cement-CBA Concrete. 

 
 Source: Author 

 
Figure 9. Compressive Strength against curing days of Cement-CBA Concrete. 

 
Source: Author 
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3.4. Result of SEM Analysis Test 
From Plate 1, 2 and 3 below, it can be deduced that the CBA act as filler and occupy the voids 

between the aggregates, thereby making the concrete more compact and having higher densities. The 

Bonding between the materials is very good especially at 5% replacement level with fewer cracks. 

 
Plate 1. 0% CBA 

 
Source: Author 

 
Plate 2. 5% CBA 

 
  Source: Author 
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Plate 3. 10% CBA 

 
 Source: Author 

 

4. Conclusions 
 Based on the Chemical Composition Test, CBA is classified as class C pozzolana 

according to ASTMC618. [8] specification.  

 More water is required to achieve the standard consistency as the amount of CBA 

increases. This agrees with the finding of Samson and Moses [18] who’s investigated 

the pozzolanic potentials of cow dung ash in cement paste and mortar as sited in chapter 

two.  

 The initial and final setting time is increases as the percentage of CBA is increasing. 

 The workability of the concrete mix changes with time due to the hydration of the 

cement, but hence yields a true slump. 

 The compressive strength decreased as percentage of CBA increased, however the 5% 

CBA replacement concrete presented an exception. The strength value increased over 

that of the control concrete before decreasing at the other higher replacement levels. 5% 

replacement level produces the optimum strength, and the strength of concrete increases 

with ages of curing.  

 The densities slightly decreased as CBA percentage increased especially at 14 and 28 

days curing periods. However, 5% CBA presented higher density over the control 

concrete.  

 The SEM analysis test indicates that CBA act as filler and occupy the voids between the 

aggregates, thereby making the concrete more compact and having higher densities.   

 

References 
[1] J. Walraven, How Can we Shorten the Bridge Between Design-and Material Engineers. Nordic 

Concrete Research-Publications vol. 23, 2000. 

[2] G. L. Troxell, Composition and Properties of Concrete” (2nd edition), MC Graw-Hill Book 

Company london, 1968. 

[3] M. Singh and R. Siddique, "Properties of concrete containing high volumes of coal bottom ash as 

fine aggregate," Journal of Cleaner Production, vol. 91, pp. 269-278, 2015. 

[4] M. Singh and R. Siddique, "Effect of coal bottom ash as partial replacement of sand on 

workability and strength properties of concrete," Journal of Cleaner Production, vol. 112, pp. 

620-630, 2016. 

[5] L. Andrade, J. C. Rocha, and M. Cheriaf, "Evaluation of concrete incorporating bottom ash as a 

natural aggregates replacement," Waste Management, vol. 27, pp. 1190-1199, 2007. 



Noble International Journal of Scientific Research 

 
70 

[6] M. Cheriaf, J. C. Rocha, and J. Pera, "Pozzolanic properties of pulverized coal combustion bottom 

ash," Cement and Concrete Research, vol. 29, pp. 1387-1391, 1999. 

[7] D. Bajare, G. Bumanis, and L. Upeniece, "Coal combustion bottom ash as microfiller with 

pozzolanic properties for traditional concrete. Procedia Engineering," 2013, pp. 149-158. 

[8] ASTMC618., "Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolanas for Use as 

Mineral Admixtures in Ordinary Portland Cement Concrete Annual book of ASTM Standards. 

West Conshecken, U.S.A: American Society for Testing and Materials," 2008. 

[9] A. Abdulmatin, W. Tangchirapat, and C. Jaturapitakkul, "An investigation of bottom ash as a 

pozzolanic material. Construction and Building Materials, 186," pp. 155-162, 2018. 

[10] M. Ahmaruzzaman, "A review on the utilization of fly ash," Progress in Energy and Combustion 

Science, vol. 36, pp. 327-363, 2010. 

[11] Ecoba., "Ecoba Annual Report. Available at:  http://www.ecoba.org/ecobaccpprod.htm," 2010. 

[12] C. Argiz, E. Menéndez, A. Moragues, and M. Ángel, "Recent advances in coal bottom ash use as 

a new common Portland cement constituent," Structural Engineering International, vol. 24, pp. 

503-508, 2014. 

[13] C. Argiz, E. Menéndez, and A. Moragues, "Alkali-Silica Resistance of Coal Bottom Ash Mortars. 

In Book of Abstracts (p. 119)." 2016. 

[14] BSEN196-2., "Chemical Analysis of Cement Part 2, Methods of Testing Cement. London: British 

Standard Institution," 1995. 

[15] B. EN196-6., "Methods For The Determination of Particle Size Distribution. London: British 

Standards Institution," 1992. 

[16] BSEN197-1., "Composition, Specification and Conformity Criteria for Common Cements Part 1, 

Cement. London: British Standard Institution," 2000. 

[17] BSEN196-3., "Determination of Setting Time and Soundness Part 3, Methods of Testing Cement. 

London: British Standard Institution," 1995. 

[18] D. Samson and O. T. Moses, "Investigating the Pozzolanic Potentials of Cowdung Ash in Cement 

Paste and Mortars," Civil Eng. Res, vol. 6, pp. 110-118, 2014. 

 

http://www.ecoba.org/ecobaccpprod.htm,

