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ABSTRACT 

This paper presents the findings of an investigation on coconut shell ash (CSA) as admixture in cement paste and 

concrete. The CSA used was obtained by controlled burning of coconut shell in an incinerator to a temperature of 

between 600–650ºC for 3 hours, air cooled, sieved through 75µm sieve and characterized based on its oxides 

composition determined using X-ray Fluorescence (XRF) analytical method. The effects of CSA on cement paste were 

investigated with addition of 0, 2, 4, 6, 8 and 10% respectively by weight of cement. The workability of fresh 

prescribed 1:2:4 concrete mixes with 0.55 water-cement ratio and CSA content in the order above was determined. 

Harden properties of the concrete were also assessed using 100mm diameter by 200mm long cylinders mould where 

the concrete mixes were cast and  tested for compressive and splitting tensile strengths at 3, 7, 28 and 56 days of 

curing in accordance with BS procedures. The result of oxide composition of CSA showed that CSA is a good 

pozzolana and can be used as a mineral admixture. The inclusion of CSA in cement decreased linear drying 

shrinkage but increased consistency, initial and final setting times and could be used as a retarder. The use of CSA in 

concrete showed a decrease in workability but increase in compressive and splitting tensile strengths respectively 

with addition of CSA up to 2%. Therefore, up to 2% addition of CSA is recommended for use as a retarding 

admixture and strength improver in concrete in normal environment. 
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1. INTRODUCTION 
 
Industrialization in developing countries has resulted in 

an increase in agricultural outputs and consequent 

accumulation of unmanageable agro-wastes. Coconut 

shell is an agricultural/industrial waste in the coconut 

palm industry and causes nuisance to both health and 

environment when not properly disposed. These create 

large amount of waste by-products which must be 

transported away and disposed in landfills. The pollution 

arising from such a waste is a cause of serious concern 

for many countries like Nigeria (Mahmood et al., 2002). 

Recycling of such waste materials into new construction 

materials might be a viable solution to the problem of 

high cost of construction materials in the developing 

nations (Abdulfatai et al., 2013). Amongst these 

construction materials are Ordinary Portland Cement and 

mineral admixtures. Admixtures may be defined as the 

materials other than the basic ingredients of concrete (i.e. 

cement, aggregates and water) added to the concrete mix 

immediately before or during the mixing process to 

modify one or more specific properties of concrete in 

fresh or hardened state (Gupta, 2004). Admixtures 

depending on the type may be imported or sourced 

locally. The ones imported from abroad are often too 

expensive. The cost of conventional admixtures is often 

high, which makes the cost of obtaining durable concrete 

too high for the common man (Aboshio et al., 2009). In 

developing countries like Nigeria, and most African 

countries, the demand for construction is never ending. 

Consequently, the demand for building materials like 

Ordinary Portland Cement and admixtures are also high 

to meet the infrastructure needs of the citizens. The 

production of these products requires capital intensive 

plants and expertise. As a means of addressing these 

problems, researches have been carried out and many 

more still on going to explore the possibilities of using 

locally available waste materials as a replacement of the 

more expensive conventional admixtures in concrete. To 

reduce the cost of material and construction to affordable 

rate, several research works have been directed towards 

utilization of cheap and readily available local materials 

such as agricultural and industrial by-products as a 

substitute to Ordinary Portland Cement and aggregate in 
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infrastructural construction (Elinwa et al, 2005; 

Wazumtu and Ogork, 2015). In view of this, several 

studies already carried out on the use of wastes as 

innovative materials have been very encouraging. A 

recent study reported by Utsev and Taku (2012) on the 

use of coconut shell ash (CSA) as a supplementary 

cementing material in cement and concrete work has 

shown that inclusion of coconut shell ash in concrete 

production not only lowers the cost of concrete but also 

offers a large potential for the utilization of coconut shell 

ash in concrete as a cost-effective alternative to current 

disposal method of the wastes. They suggested that up to 

10-15% replacement of OPC with CSA could be used for 

both heavy weight and light weight concrete production. 

Nagarajan et al. (2014) also opined that CSA can be used 

up to 10% to replace cement for concrete production 

despite its 7.1% lesser strength than the control. Many 

other researches have also been conducted on coconut 

shell and coconut shell ash. For instance Olugbenga et al. 
(2011) explained that the plastic index of paste samples 

produced with coconut shell and husk ash (CSHA) 

reduces with addition of various replacement of CSHA, 

indicating a reduction in swelling potential and hence an 

increase in strength properties; Oluremi et al. (2012) also 

stated that coconut husk ash can be used to improve the 

California bearing ratio of soils with low CBR values; 

Popoola et al. (2019) also encouraged the use of coconut 

waste ash in the construction industry to reduce the cost 

of lime since its use improves the maximum dry density 

(MDD), unconfined compressive strength (UCS), 

optimum moisture content (OMC) and CBR values of 

stabilized soil; Amarnath and Ramachandrudu (2012) in 

their research on properties of concrete with coconut 

shells as aggregate replacement found that, coarse 

aggregate replacement with equivalent weight of fly ash 

had no influence when compared with properties of 

corresponding coconut shell replaced concrete. In spite 

of the many efforts made by researchers in using coconut 

shell ash, coconut shell, coconut husk ash as replacement 

materials for cement, coarse aggregate and cement/lime 

respectively, properties of its concrete or mortar 

produced though good are still below those of normal 

concrete. This research therefore sets out to investigate 

the effect of coconut shell ash as admixture in order to 

improve the properties of concrete made with 

conventional materials in normal environment. 

2. MATERIALS AND METHODS 

2.1 Materials

2.1.1 Ordinary Portland cement (OPC): Ordinary 

Portland cement manufactured in Nigeria as Dangote 

brand with a specific gravity of 3.15, moisture content of 

0.54 % and bulk density of 1158 kg/m3 was used. A 

chemical composition analysis of the cement was 

conducted using X-Ray Fluorescence (XRF) analytical 

method as shown in Table 1. 

 

2.1.2 Fine Aggregates: Sharp sand from a local dealer 

along Bayero University, Gwarzo road, Kano State, 

Nigeria, with a specific gravity of 2.58 and bulk density 

of 1526 kg/m3 was used. The particle size distribution of 

the sand indicates that the sand used was classified as 

zone 1 based on BS 882 (1992) grading limits for fine 

aggregates. The particle size distribution of the fine 

aggregate used is shown in Figure 1. 

 

2.1.3 Coarse Aggregates: The coarse aggregate is 

crushed granite of nominal size of 20 mm with a specific 

gravity of 2.67 and bulk density of 1460 kg/m3. Coconut 

shell was sourced from Yan’Lemu market area of 

Kumbutso Local Government Area of Kano State, 

Nigeria.  

 

2.1.4 Coconut Shell Ash (CSA): The Coconut Shell Ash 

(CSA) was obtained by burning the coconut shell to a 

temperature of 600–650ºC in an incinerator and 

controlling the firing at that temperature for about three 

hours to produce the ash. The coconut shell ash is shown 

in Plate 1. The ash was collected after cooling, and then 

sieved through 75μm sieve. The CSA is of specific 

gravity of 2.30, bulk density of 505 kg/m3 and moisture 

content of 1.46 %. A chemical composition analysis of 

the CSA was conducted using X-Ray Fluorescence 

(XRF) analytical method as shown in Table 1. 

 
Plate 1: Coconut shell ash 

2.2 Methods  

2.2.1 Tests on Cement Paste: 

Six mixes were used for the determination of consistency 

and setting times, as well as drying linear shrinkage of 

cement paste containing CSA as admixture in accordance 

with BS EN 196-3 (1995) and BS 4500 part B (1978) 

respectively. MP-00 is the control mix and MP-02, MP-

04, MP-06, MP-08 and MP-10 are mixes with addition of 

CSA of 2, 4, 6, 8 and 10 % respectively. Three readings 

were taken for each mix of each test and an average 

found. The results are shown in Figure 1, 2 and 3.  

 

2.2.2 Concrete Mix Proportions: Prescribed concrete 

mix of 1:2:4 and water-cement ratio 0.55 was used to 

investigate the effect of CSA as admixture in concrete. 

Six mixes were used; ACM-00 is the control mix and 

ACM-02, ACM-04, ACM-06, ACM-08 and ACM-10 
representing mixes with addition of CSA of 2% to 10% 

respectively. The CSA content was limited to 10% 

because of its efficiency when used to replace cement as 
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suggested by researchers (Nagarajan et al., 2014; Utsev 

and Taku, 2012) that a maximum of 10% or 15% should 

be use for cement replacement. The concrete mix 

proportion is shown in Table 2. 

 

2.2.3 Slump of CSA-concrete: The slump of fresh 

concrete with CSA addition was determined in 

accordance with BS 12350–2 (2009) using the mixes 

stated above. 

 
2.2.4 Compressive and Splitting Tensile Strengths 

Test on CSA-concrete: The compressive and splitting 

tensile strength of concrete with addition of CSA was 

carried out in accordance with BS EN 12390–3 (2002) 

and BS EN 12390–6 (2009) respectively for the 

prescribed concrete mix of 1:2:4 and water-cement ratio 

of 0.55. A total of one hundred and forty-four (144) 

samples were cast and cured in water for 3, 7, 28 and 56 

days, and at the end of every curing regime, six samples 

(3 each for compressive and splitting tensile strengths 

tests) were crushed using the Avery Denison 

Compression Machine of 2000kN load capacity and at 

constant compression rate of 15 kN/s and the average 

taken. The compressive and splitting tensile strengths 

results are shown in Figure 5 and 6 respectively. 

3. RESULTS AND DISCUSSIONS 

3.1 Results 

Table 1: Oxide Composition of OPC (Dangote Brand) and CSA 

Oxide 

(%) SiO2 Fe2O3 Al2O3 CaO K2O P2O5 MgO MnO ZnO 

OPC 18.0 4.1 5.7 68.3 0.1 - 1.69 0.037 - 

CSA 37.97 12.4 22.12 4.89 0.83 0.32 16.2 0.81 - 

Oxide 

(%) BaO SO3 Na2O TiO2 V2O5 Cr2O3 NiO CuO L.o.I 

OPC 0.15 2.67 0.71 0.22 0.02 0.01 <1 - 1.4 

CSA - 0.71 0.95 - - - - - 4.12 

 

Table 2: Concrete Mix Proportion 

Mix No: CSA (%) 
Cement 

(kg/m3) 

Fine 

Aggregat

e (kg/m3) 

Coarse 

Aggregat

e (kg/m3) 

Water 

(kg/m3) 

CSA 

(kg/m3) 

ACM-00 0 318.37 636.74 1273.48 175.10 0 

ACM-02 2 318.37 636.74 1273.48 175.10 6.37 

ACM-04 4 318.37 636.74 1273.48 175.10 12.75 

ACM-06 6 318.37 636.74 1273.48 175.10 19.10 

ACM-08 8 318.37 636.74 1273.48 175.10 25.47 

ACM-10 10 318.37 636.74 1273.48 175.10 31.84 

 

 
 

Figure 1: Particle size distribution of the fine aggregate used. 
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3.2 Discussion of Results 

3.2.1 Oxide Composition of Cement and Coconut  

Shell Ash: The oxide composition of CSA indicates a 

proportion of silicon dioxide (37.97%), iron oxide 

(12.4%) andaluminum oxide (22.12%) which when 

combined together gives (72.49%) which is higher than 

that specified by ASTM C 618 (2008) for pozzolana and 

shows that CSA is a good pozzolana and can be 

classified as class N pozzolan according to Coker et al. 

(2016) since the LOI and SO3 values of the ash are 

respectively less than the 6% and 3% maximum 

specified by ASTM C618-12a. The CaO content (4.98%) 

in CSA showed that it has some self-cementing property. 

The oxide composition of CSA also indicated a high 

content of MgO (16.2%) which hydrates in high-alkali 

medium thereby retarding further hydration of cement 

grains. The chemical composition of the cement is 

satisfactory and has met the BS EN 197–1 (2000) 

standard. 

 
 3.2.2 Consistency, Setting Times and Drying 

Shrinkage of Coconut Shell Ash-cement Pastes: 

Normal consistency of cement with addition of CSA 

increases with increase in CSA content as shown in 

Figure 2. Hence more water is required for wetting the 

particles as the total surface area of the particle is 

increased (Marthong, 2012). Furthermore, since CSA has 

a less specific gravity than the OPC, a large volume of 

water may be required to properly wet excess volume of 

CSA added to the mix to produce CSA-cement gel which 

could lead to increase in consistency of the CSA-cement 

paste (Ettu et al., 2013).  

 

 

 
Figure 2: Consistency of CSA-cement Paste 

 

The setting times of CSA-cement increased with 

increase in CSA content as shown in Figure 3. This 

behaviour may be due to any or both of the following: 

the presence of MgO which hydrates in high-alkali 

medium to form Mg(OH)2 with tiny crystal 

precipitates around the cement grains to form a 

protective layer, hence retarding further hydration of 

cement grains (Deng, 1991) or because CSA also 

possesses some cementitious properties, thereby 

increasing the cementitious material content of the 

cement-CSA paste. However, at 0% CSA addition 

there was an increase in initial setting time of 37 

minutes when compared to the recommended 45 

minutes for OPC. The final setting time was however 

within recommended limits of ≤375 minutes for OPC. 

 

 
 

Figure 3: Setting Times of CSA-cement Paste 
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The drying shrinkage of CSA-cement pastes showed a 

decrease in linear drying shrinkage with increase in CSA 

content as shown in Figure 4. This may be as a result of 

additional absorption of water due to percentage addition 

of CSA content. This indicates that the concrete can be 

used in hot weather condition and may not crack since 

increase in percentage addition of CSA reduces linear 

drying shrinkage of concrete (Kosmatka, 2004).

 

Figure 4: Drying Shrinkage of CSA-cement Paste 

 

3.3 Slump of CSA-concrete: The slump of concrete 

decreased with increase in addition of CSA content as 

shown in Figure 5. This may be due to the high loss on 

ignition of CSA compound compared to that of cement 

and high specific surface of CSA since there is constant 

water content (Nader and Hamidou, 2007). The result of 

slump also showed that, whereas 2 and 4% CSA addition 

is within low workability of 15-30mm, 8 and 10% is 

within very low workability of 5-10mm (Neville, 2011). 

This means that the concrete produced when CSA is used 

as an admixture can be used for mass concrete projects 

as explained by Jackson as cited by Abiodun and Jimoh 

(2018).

 

 

Figure 5: Slump of CSA-concrete 

 

3.4 Compressive and Splitting Tensile Strengths of 

CSA-concrete: The results of compressive strength of 
CSA-concrete increased with curing age and increased 

with percentage addition of up to 2% CSA as shown in 

Figure 6. Further increase in CSA content showed a 

decrease in compressive strength of concrete. The 

increase in compressive strength with curing age is due 
to the hydration of cement and CSA. The increase in 

compressive strength with addition of CSA of up to 2% 

may be due to the formation of additional calcium 
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silicate hydrates from the pozzolanic reaction of CSA. 

The reduction in compressive strength with addition of 

CSA of 4% and above may be as a result of saturation of 

the cement mix with oxides of MgO in CSA which form 

composites that may inhibit the formation of additional 

calcium silicate hydrates from cement hydration as 

explained by Elinwa and Abdulkadir (2011). 

 

 

Figure 6: Compressive Strength of CSA-concrete 

 

The splitting tensile strength as shown in Figure 7 

increased with curing age; and for all percentage addition 

of CSA, the splitting tensile strength of the concrete is 

higher than the control at 3 and 7 days curing age. This 

may be due to the initial filling of the concrete voids by 

CSA particles (Bhanja and Sengupta, 2005). The Figure 

also revealed that the splitting tensile strength of 2% 

CSA addition is higher than that of the control at all 

curing ages while 4, 6, 8 and 10% CSA addition resulted 

in lower strength than the control at 28 and 56 days. The 

increase in strength due to 2% CSA addition may be due 

to the increased cementitious property of the concrete 

leading to the formation of a better paste matrix than the 

normal concrete enhancing cement-aggregates bond at 

early curing age (Elshafie et al., 2016); while the 

reduction in strength due to 4, 6, 8 and 10% CSA 

addition may be as a result of the alkali content in the 

concrete exceeding the limit called equivalent sodium 

oxide content of cement, expressed as (Na2O)e = Na2O + 

0.658 K2O allowed in cement (Junsomboon and 

Jakmunee, 2011). From the figure, it appeared that there 

is a good relationship between compressive and splitting 

tensile strengths. As the compressive strength increases 

the splitting tensile strength also increases indicating a 

direct relationship. 

 

 

Figure 7: Splitting Tensile Strength of CSA-concret
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4. CONCLUSIONS 

Based on the findings of the research conducted, the 

following conclusions can be made:  

1. The chemical composition analysis of Coconut shell 

ash (CSA) showed that it is a good pozzolana and can be 

used as mineral admixture to improve concrete 

properties. 

2. CSA addition decreased drying shrinkage, but 

increased consistency and setting times of cement pastes, 

and could be used as a retarder in concrete. 

3. CSA addition decreased workability of concrete. 

4. The addition of CSA increased compressive and 

splitting tensile strengths of concrete. However, up to 2% 

was considered as optimum to maintain concrete strength 

above 25N/mm2. 
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