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Abstract: This study explores the characteristics and pozzolanic potential of ashes from 

three types of agricultural waste in Côte d'Ivoire with a view to using their mixture as a 

substitute in cement. These are sugarcane bagasse (CBCS), coconut husks (CC) and oil 

palm husks (CPH). After calcining at 700°C for two hours, the ashes were subjected to 

analysis of their physical, chemical and microstructural properties to determine their 

suitability as partial cement substitutes. The results show that CBCS has an average 

particle size of 0.808 µm and a specific surface area of 80.93 m²/g, with a silica content 

of 75.65%, making it compliant with the requirements of ASTM C 618 for pozzolanic 

materials. CPH also has favorable characteristics, with an average size of 2.527 µm, a 

specific surface area of 251.83 m²/g and a silica content of 71.74%. Coconut ash, on the 

other hand, although having an average size of 6.308 µm and a specific surface area of 

69.7 m²/g with a silica content of 67.9%, is less favorable. Microstructural analyses and 

pozzolanic activity tests confirm that CBCS and CPH are promising candidates for 

partial cement substitution, while CC has less favorable characteristics. The combined 

use of these ashes could substitute cement and contribute to more sustainable 

construction practices by reducing production costs and CO₂ emissions.  

 

1. Introduction 

Côte d'Ivoire's rapid economic development means a growing demand for modern infrastructure, 

leading to increased consumption of construction materials such as cement. However, cement 

production, whose main material is clinker, is very energy-intensive and emits large quantities of 

carbon dioxide (approximately one tone of CO₂ per ton of cement produced) (Davidovits (1991). The 

high cost of cement, exacerbated by the fact that clinker is produced at 1450 °C (Pacheco-Torgal et al. 

(2008), also limits its accessibility to a large proportion of the population. 

With these environmental and economic challenges, research into alternative materials, such as 

artificial pozzolans (clay, calcined biomass, etc.), has expanded (Jabri et al. 2013; Tabaght et al. 2020; 

N’diaye et al. 2022; Olaiya et al. 2025). Pozzolans are materials rich in silica and alumina which, in 
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the presence of lime, react to form cementitious compounds, thereby reducing the amount of clinker 

required and the associated CO₂ emissions (Donatello et al. (2010). Their use in partial substitution of 

cement has shown similar capabilities to traditional cements and in some cases improvements in 

strength, durability of mortars by increasing the amount of Hydrated Calcium Silicate (HSC) (Khedr 

and Abou-Zeid (1994), (Rukzon and Chindaprasirt (2012), (Tagnit-Hamou and Tognonvi (2015), 

(Mohammed (2017), and reduced environmental impact by reducing carbon dioxide (Ciach et al. 

(1971), (Ganesan et al. (2007), (Thomas et al. (2021). 

The increasing use of agricultural waste in various industrial sectors, including the cement industry, 

has become common practice to promote the circular economy and reduce CO2 emissions. Agricultural 

wastes, such as sugarcane bagasse, coconut fibers and husks, as well as oil palm fibers and husks, are 

valuable resources for partial replacement of cement due to their compositions (Gupta et al. (2022), 

Hamada et al. (2023), (Ranatunga et al. (2023). Their use not only makes it possible to reduce 

dependence on traditional natural resources, but also to reduce the carbon footprint of the cement 

industries, which is a major issue in the fight against climate change (Bheel et al. (2021). In addition, 

this practice makes it possible to use local resources and reduce dependence on non-renewable 

resources, thus promoting a more sustainable and ecological approach to cement production. 

Studies carried out on this ash have shown excellent results in terms of its ability to replace cement 

(Neto et al. (2021), (De Sande et al. (2021), De Azevedo et al. (2022). Unfortunately, the individual 

use of this ash limits its use on a large scale. 

In this context, a comparative study of the characteristics of the ashes of these agricultural wastes 

produced in Côte d'Ivoire is carried out to see the different strengths and weaknesses of these three 

ashes for the use of their mixture in the replacement of cement. The selection of these three specific 

wastes in the Ivorian context is motivated by their abundant availability, accessibility and potential to 

contribute to the transition towards more sustainable and environmentally friendly practices in the 

cement sector (GIZ (2020). 

2. Material and methods 

The raw materials used in this study are waste produced by industry and used as fuel for boilers. The 

final by-product, ash, is dumped on roads and fields. The ash is not recycled in any particular way, 

despite its large quantity, which may be justified for industrial use. 

2.1 Material 

The different ashes produced are shown in Figure 1. 

A company located about 115 km from the town of Daloa (Côte d’Ivoire) supplied sugar cane bagasse. 

It represents about 25% of the sugar cane produced (Ouedraogo et al. (2022). The bagasse used for 

calcination comes from boilers where it has not been completely calcined and sieved to eliminate 

contaminants due to the collection and preservation process. 

The coconut fibers were collected from coconut traders in the same town. Those used for ash 

production were washed and dried in an oven for 24 hours at 105°C to eliminate contaminants and 

water. 

The oil palm husks and fibers were collected from the town's restaurant owners. The oil palm husks 

and fibers used for calcination were washed and air-dried for several days to eliminate contaminants 

and water. Then they underwent incomplete combustion in the open air for 01 day to facilitate the 

grinding and calcination of the husk. 



   

 

 Zamble et al., J. Mater. Environ. Sci., 2025, 16(6), pp. 968-981 970 

 

The three agricultural wastes were calcined in a Nabertherm P330 oven at a temperature of 700°C, 

with a heating rate of 10°C/min for 02 hours. After calcination, the oven and its contents were subjected 

to normal oven cooling in the laboratory. All the ash obtained was sieved to 200 µm. 

Figure 1. a) sugar cane bagass ash, b) coconut fiber and shell ash, c) oil palm shell ash 

2.2 Methods 

2.2.1 Chemical, mineralogical and physical properties 

Average particle size and zeta potential were determined by laser particle sizing using DLS and the 

Zetasizer Advance. The zeta potential measures the ability of a particle suspended in a liquid to stay 

stable. It also represents the electrical charge in the suspension.  The dynamic light scattering technique 

was used to obtain the zeta potential and mean size from the peak of the particle size distribution of the 

sample. This technique can be used to measure the particle size of molecules in a range from 0.3 nm 

to 10 mm (Jeffry et al., 2018). Pore size and volume were determined because of specific surface area 

determination using the H-K (Original and Saito-Foley) and NLDFT (Non-Local Density Functional 

Theory) methods. The specific surface area was evaluated by the BET method using an automated 

volumetric nitrogen adsorption apparatus of the TMAXCN type (TMAX-BSD-PM2). 

The chemical composition was obtained using inductively coupled plasma mass spectroscopy (ICP-

MS). The crystalline and amorphous phases, crystallographic orientation and texture of the ashes were 

determined using X-ray diffraction. X-ray diffraction was recorded with a Bruker diffractometer using 

a Cu Kα radiation source. The different vibrations and functional groups of the ash were determined 

using a Fourier transform infrared spectrometer. The infrared spectrometer used to identify the 

functional groups of the minerals was a Thermo Scientific Nicolet 6700. High-resolution microscopic 

images of the ash surface were obtained using a Tescan LYRA 3 XMH scanning electron microscope. 

2.2.2 Pozzolanic activity  

Chemical, mineralogical and mechanical methods can be used to determine pozzolanic activity. The 

chemical method known as the Frattini Test was used. The tests are carried out in accordance with BS 

EN 196-5 and the results are plotted on the solubility curve. 

3. Results and Discussion 

3.1 Physical, chemical and physic-chemical properties 

The physical properties of CBCS, CC and CPH are shown in Table 1. Data observed from Table 1 

indicate that CBCS, CC and CPH particles have mean sizes of 0.81, 6.31 and 2.53 µm respectively. 
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The small average size of 0.81 µm for CBCS means that it has a good fineness, which could make it 

easier to dissolve. The value obtained is lower than that of the CBCS studied in previous investigations 

(Thomas et al. (2021), which ranged from 76.3 to 1.7 µm, of 26.16 µm found in Burkina Faso 

(Ouédraogo et al. (2022) and of 36.68 µm observed despite 08 hours of calcination of the bagasse at 

600°C (Neto et al. (2021) in Brazil. In addition, it’s larger than what found in India with a D50 between 

0.11 and 0.21 µm (Teja et al. (2017) lower but much closer to those found in our study. 

The small average size of 6.31 µm of the CC also means that coconut ash has a good fineness which 

could make it easier to put into solution.  The value obtained is within the range of sizes of coir ash 

studied which are 0.53 µm and 0.4 mm (Arimanwa et al. (2020), (Kassar and Momoh (2018) or the 

study conducted in Nigeria (Kassar and Momoh (2018) was carried out on palm hulls while that 

involved a mixture of fiber and hull with a large majority of fiber calcined at 600°C for about 10 hours 

(Arimanwa et al. (2020). It is smaller than the 16.9 µm (Ranatunga et al. (2023) and larger than the 

57.7 nm (Jeffry et al. (2018) after 15 hours of grinding. In addition, the size of the CC is much smaller 

than the 16.3 µm and 12.54 µm of fly ash generally used in cement replacement (Sua-iam and 

Chatveera (2021), (Padavala et al. (2024). 

The average size of 2.51 µm observed in HPC means that the ash has good fineness. The values of 0.98 

µm obtained after grinding and calcination at 1000°C in Malaysia are larger (Hamada et al. (2020). 

This difference in size is due to the higher calcination temperature in the second case. In fact, the 

particle size distribution is influenced by the temperature above 750°C (Ouédraogo et al. (2022). A 

much smaller average size between 20 and 90 nm was observed after 30 hours of grinding (Rajak et 

al. (2015). In a review (Hamada et al. (2021), average sizes of between 1.07 and 22.78 µm, the range 

in which the size of CPH is found. 

We can therefore see that CBCS has the smallest size, followed by CPH and finally CC. The larger 

size of CC is due to storage conditions. In fact, the CC has the finest particles when it leaves the kiln. 

During the storage of the different ashes, the very fine particles of CC tend to form a mass and 

agglomerate by capturing the ambient humidity, resulting in larger particles. The smaller size of CBCS 

compared with CPH is due to the difference in the raw material used. The bagasse used to produce the 

ash is a less dense and solid fibrous residue than the hulls used to produce CPH. The average size of 

all the ashes is less than the value of 10 µm adopted by most researchers as the maximum characteristic 

size to obtain adequate pozzolanic activity (Ouédraogo et al. (2022). 

The surface characteristics of each sample, such as size distribution (porosity) and micropore volume, 

were determined and presented in Table 1. Micropore size decreases from CC through CPH to CBCS 

with values ranging from 1.41 to 0.74 nm while micropore volume decreases from CPH through CBCS 

to CC with values ranging from 0.0024 to 0.1435 ml/g. Although CC has the largest micropore size, it 

also has the smallest micropore volume. This is due to the agglomeration of hygroscopic particles that 

fill the void, reducing the remaining micropore volume. It can also be seen that the CPH micropore 

sizes are very close, while their micropore volumes are very far apart. This large difference in 

micropore volume could be explained by the fact that bagasse ash, due to its storage environment, 

captures moisture which reduces the volume of its micropores.  

From these surface characteristics we can clearly conclude that CC has a much higher hygroscopic 

power, followed by CBCS and finally CPH. 

Table 1 also gives the BET specific surface areas of the ashes. The specific surface area of 80.93 m2/g 

for CBCS confirms its high reaction capacity. The value obtained is almost triple the 35.2 and 25.4 

m2/g for higher average sizes (Cordeiro et al. (2018). The specific surface area of 6.97 m2/g of the CC 
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means that the ash is able of active reaction although less so due to its hygroscopicity. The value 

obtained is very low compared to the 112.74 m2/g (Jeffry et al. (2018). However, it’s much higher than 

the 0.3566 m2/g (Sua-iam and Chatveera (2021) and 0.863 m2/g (Priya and Padmanaban (2023). The 

specific surface area of 251.83 m2/g of CPH shows that the ash has a high reactive capacity. A specific 

surface area of 145.35 m2/g after 30 hours of grinding despite the smaller size (Rajak et al. (2015). In 

a review (Hamada et al. (2021), the mean sizes between 1.07 and 22.78 µm for specific surface areas 

of between 0.4562 and 7205 m2/g were reported. The results obtained in this study are well within the 

range. 

These values testify to the fineness and high reactive capacity of the ash. They are consistent with the 

size, volume and particle size. Indeed, the specific surface area is a characteristic that is highly 

dependent on these three parameters. It is therefore much greater for particles with much smaller 

average sizes, high porosity and high pore volume. The lower specific surface area of CC is justified 

by its much larger size and much smaller micropore volume, even though it has the highest porosity 

due to the mass of its particles reacting with each other. The higher specific surface area of CPH than 

CBCS is due to the much larger micropore size and volume of CPH than CBCS, although the average 

particle size of CBCS is smaller. The zeta potential and conductivity of each ash are given in Table 2. 

  

Table 1. Summary table of particle size data for CBCS, CC and CPH 

Samples CBCS CC CPH 

Z-Average moyen (µm) 0,81 6,31 2,53 

Micropore volume (ml/g) 0,0295-0,0409 0,0024 0,0944-0,1435 

Micropore size (nm) 0,74 - 1,22 1,41 0,75 – 1,33 

Specific BET surface area (m2/g) 80,93 6,97 251,83 

      Table 2. Summary table of ionic data       

 

The negative mean zeta potential of the three ashes indicates the presence of anions in the solutions or 

the desorption of positive ions. This characteristic indicates that all the ashes have a stable suspension, 

which could increase their stability during mixing. For particles of material to be stable in a mixture, it 

is essential that they have the same electrical charge. CBCS has -33.24 mV, more than double the zeta 

potentials of CC and CPH -16.9 and -14.97 mV respectively. The higher value for CBCS could be 

explained by the greater suspension of particles. Conductivity reflects a particle's ability to carry 

electrical charges. It is highest for CC with 4.40 mS/cm, followed by CBCS with 1.75 mS/cm and CPH 

with 0.38 mS/cm. The greater capacity of the particles to transport electrical charges in the CC solution 

may be due to the higher presence of ions in this solution than in the CBCS and CPH solutions. 

Samples            CBCS CC             CPH 

Average zeta 

potential (mV) 

          -33,24          -16,9           -14,97 

Conductivity 

(mS/cm) 

1,75 4,40 0,38 
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3.2 Chemical and mineralogical composition of ashes 

Table 3 gives the elemental chemical composition of the ash from CBCS, CC, and CPH. It shows that 

the ash generally comprises SiO2, CaO, and K2O in larger quantities. The high and predominant SiO2 

proportions of 75.65% for CBCS, 71.74% for CPH, and 67.9% for CC are certainly due to the 

consumption of ortho-silicic acid contained in West African soils by plants during their growth 

(Ouédraogo et al. (2022). The difference in samples is responsible for the difference in values. 

The sum of SiO2 + Al2O3 + Fe2O3 greater than 70% obtained for CBCS agrees with several studies 

conducted (Janjaturaphan and Wansom (2010), (Cordeiro et al. (2018), (Thomas et al. (2021), 

(Ouedraogo et al. (2022). 

The sum of SiO2 + Al2O3 + Fe2O3 obtained for CC agrees with studies conducted by (Abdalla et al. 

(2022), (Bheel et al. (2021), (Priya & Padmanaban (2023), (Islam et al. (2016).  SiO2 values for CC 

range from 5.23% to 88.62% (Anifowoshe and Nwaiwu (2016), (Arimanwa et al. (2020), (Bheel et al. 

(2021), (Gummadi and Srikanth (2016), (Isah (2014), (Madakson et al. (2012), (Sen and Chandak, 

2015), (Taku (2012), (Umamaheswari and Vigneshkumar (2018), (Vasanthi et al. (2020). The lowest 

value was obtained after calcination at 600°C for 06h by (Arimanwa et al. (2020) and the highest value 

between 600 and 700°C for an unspecified time (Anifowoshe and Nwaiwu (2016). 

The sum of SiO2 + Al2O3 + Fe2O3 obtained for CPH is greater than the minimum requirement of 70% 

to be a type N pozzolan (ASTM C618 (2008) which agrees with several studies (Hamada et al. (2023), 

(Hamada (2020), (Islam et al. (2016). The sum of SiO2 + Al2O3 + Fe2O3 in the ash of 77.58% and 

72.75% respectively for CBCS and CPH is greater than the minimum requirement of 70% to be a Type 

N pozzolan (ASTM C618 (2008). As for CC, the sum of 69.1% is very close to the required 70%. This 

characteristic indicates that CBCS may have better reactivity and resistance than CPH and CC. In fact, 

the high percentage of SiO2 contained in the ash could improve cement hydration and form the 

additional adhesive required in mortar production, thereby increasing strength. The high CaO content 

indicates that the hydraulic reactivity of the ash could be significant. Furthermore, the high K2O and 

Na2O content of the ash, certainly due to the use of fertilisers during cultivation, could considerably 

affect the strength and durability of the mortars through alkali-silica reactions (Ouédraogo et al. (2022). 

Also, the losses on ignition of 21.59% for CPH and 36.05% for CC could reduce the reactivity and 

resistance of the ashes with respect to CBCS, which is more acceptable at 11.38%. 
 

Table 3. Summary table of the chemical composition of CBCS, CC and CPH 

  

Figure 2 shows the CBCS, CC and CPH diffractograms. The crystalline phases identified in the three 

ashes are silica (SiO2) and calcite (CaCO3). The diffractograms of the three ashes confirm the presence 

of most of the silica, as indicated by the chemical analysis. The presence of silica in the form of quartz 

in the three ashes is probably due to contamination of the waste during collection, processing and 

storage. 

Oxide SiO2 Al2O3 Fe203 CaO K2O MgO Na2O B2O3 BaO MnO L.O.I 

CBCS 75.65 1.14 0.79 12.63 5.85 0.92 2.13 0.7 0.19 - 11.38 

CC 67.9 0.84 0.36 18.74 - 0.9 7.77 1.93 1.56 - 36.05 

CPH 7174 0.51 0.5 15.31 3.22 1.62 4.95 1.2 0.84 0.11 21.59 
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The silica present in the CBCS sample is confirmed by the study of (Abdalla et al. (2022). Quartz and 

calcite are confirmed by (Gupta et al. (2022). Other phases such as microline, mullite and crystobalite 

have also been observed (Cordeiro et al. (2018), (Janjaturaphan and Wansom (2010), (Payá et al. 

(2002). That present in the CC sample is confirmed by the study of (Madakson et al. (2012) despite 

the absence of Cordierite, (Mg2Al4Si5O18) and that of the CPH is confirmed by (Hamada (2020), 

(Nagaratnam et al. (2019), (Salih et al. (2015), (Zeyad et al. (2016 & 2017).  The large deviation from 

the baseline indicates the presence of a significant amount of amorphous silica in CBCS and CPH. In 

CC, on the other hand, the small deviation from the line confirms the low presence of amorphous phase, 

which could significantly reduce the reactivity of CC. The broad halo is more characteristic of CPH, 

indicating its greater amorphous phase, thus confirming the higher specific surface area obtained in 

Table 1. 

Figure 2. Diffractograms of CBCS, CC and CPH 

3.3 Ashes functional groups  

Figure 3 shows CBCS, CC and CPH infrared spectra. CBCS and CPH have identical peaks typical of 

siliceous materials (Farcas and Touzé (2001) for 1030 cm-1, (Salih et al. (2015) with a slight difference 

around 3000 cm-1. The Si-O vibrations observed at 1010 and 1030 cm-1 and the mean peak at 977       

cm-1 for CBCS, CPH and CC respectively are due to the presence of silica (Khan et al. (2016). These 

observations thus confirm the results of the chemical analysis and the XRD. The broad stretching 

between 3400 and 2950 cm-1 shown in all spectra is attributed to the O-H stretching. It is more 

prominent in the CC sample, characteristic of water molecules trapped or adsorbed in the structure 

(Katte et al. (2023). This observation reflects the hygroscopic nature of the material, revealed by the 

large size and small volume of the micropores.  The broad, non-existent peak of CPH in the same area 

reflects its low water-holding capacity compared with CBCS, which has a low hygroscopicity. This 

observation agrees with the order of hygroscopicity of ash shown in Table 1. Four peaks and a dome 

were detected in the analysis of the Fourier-transformed infrared spectrum of the CC as shown in 

Figure 3. The result showed that the presence of quartz and amorphous phase in the original ash gives 
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a series of peaks located by a doublet at 1460 and 1370 cm-1 confirmed by (Madakson et al. (2012) 

where these overlap in the region between 1200 and 1434.12 cm-1. Table 4 shows the various peaks 

and their interpretations. 

Figure 3. IR spectrum of CBCS, CC and CPH 

Table 4.  Summary spectrum analysis table  

 

3.5 Ashes surface morphology 

The morphology of CBCS, CC and CPH particles was observed from the SEM as shown in Figure 4. 

Examination of their microstructural properties is essential to understand how they modify the behavior 

of the mortar. Figure 3 shows that CC and CPH ash particles have slightly more homogeneous shapes 

in contrast to CBCS which has uneven shapes and varied sizes at the 20µm scale. The more 

Samples Intensity 

)1-(cm 

Strip shape Interatomic bonds Elements 
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CC 3080-2950 
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δ H-O-H (Frías et al. (2011) 

v C-O (Silva et al. (2017) 

 

Water 

Carbonyl 

Water 

Carbonyl 

 

CBCS 

 

 

3350 

1400 

1010 

690 

Large and medium 

Medium 

Large and intense 

Low 

v O-H (Frías et al. (2011) 

v C-H (Ouedraogo et al. (2022) 

v Si-O (Ouedraogo et al. (2022) for 1000 ; 

v Si-O-Si and/or v Si-O-Al (Ouedraogo et al. (2022) 

Water 
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(Salih et al. (2015) 

water 

 

Silica 



   

 

 Zamble et al., J. Mater. Environ. Sci., 2025, 16(6), pp. 968-981 976 

 

homogeneous images of coconut ash agree with (Madakson et al. (2012), (Priya and Padmanaban 

(2023) and (Ranatunga et al. (2023). This observation proves the high zeta potential obtained in CBCS, 

and the close values obtained in CC and CBCS. As CBCS particles are more irregular, dissolving them 

will create much larger suspensions, thus increasing the zeta potential. These large irregular cheese 

particles due to the presence of imbricated fiber have been observed in several studies (Abdalla et al. 

(2022), (Gupta and Kumar (2022), (Thomas et al. (2021). On a smaller scale, most ashes show a typical 

silica fume surface which is characteristic of the presence of silica in all samples (Abdalla et al. (2022). 

The presence of this surface could increase the pozzolanic potential of the ash. A compact ball is 

observed in the middle of the CC image.  

This observation confirms the massing and agglomeration of these very fine particles. 

Figure 4. Scanning electron microscope image 

3.6 Pozzolanic activity assessments 

Figure 5 shows the results of the Frattini ash tests based on the solubility curve. Pozzolanic activity is 

defined as the ability of a predominantly silica pozzolan to react with free lime to form calcium silicate 

hydrate (CSH). Figure 5 shows that the coordinates of CPH and CBCS are below curve the solubility. 

This means that both samples have pozzolanic activity and can be considered as pozzolans in 

accordance with ASTM C 618, confirmed by chemical analysis. Due to the range of values for the 

concentration of hydroxide ions, the coordinates of the CC could not be represented on the figure. 

Figure 5 also shows the different pairs of ash coordinates. The results obtained in the Frattini test 

indicate that the addition of CBCS, CC and CPH reduces the content. Pozzolanic activity is defined as 

the ability of a predominantly silica pozzolan to react with free lime to form calcium silicate hydrate 

(CSH). Figure 5 shows that the coordinates of CPH and CBCS are below the solubility curve. This 

means that both samples have pozzolanic activity and can be considered as pozzolans in accordance 

with ASTM C 618, confirmed by chemical analysis. It’s easy to see that CC has a hydroxide ion 

concentration of 226.63 mmol/l, followed by CBCS with 89.65 mmol/l and CPH with 49.31 mmol/l. 

This order of concentration values is confirmed by the order of conductivity obtained in Table 2. The 

higher value for CC is due to its high hygroscopic power, which allowed it to dissolve more water, 

favoring the dissolution of hydroxide and hydronium ions.  
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Figure 5. Frattini test result 

Conclusion 

This comparative study highlighted the potential of sugarcane bagasse (CBCS), coconut fiber and husk 

(CC) and oil palm husk (CPH) ash in Côte d'Ivoire as sustainable substitutes in cement production. 

Particle size analysis revealed that CBCS ash had the smallest average particle size (0.808 µm), 

followed by CPH ash (2.53 µm) and finally CC ash (6.31 µm). BET specific surface area are showed 

that CPH ash had the largest surface area (251.83 m²/g), followed by CBCS (80.93 m²/g) and CC (6.97 

m²/g), indicating better fineness and greater reactive capacity for CBCS and CPH. 

The chemical composition of the ashes showed a predominance of silica (SiO₂) in all samples, with 

proportions of 75.65% for CBCS, 71.74% for CPH, and 67.9% for CC. CBCS and CPH ash also 

showed high CaO contents (12.63% and 15.31% respectively), which is beneficial for the pozzolanic 

reaction. 

Scanning electron microscopy (SEM) analysis revealed that CC and CPH particles have more 

homogeneous shapes, while CBCS particles are more irregular. This heterogeneity in the shape of 

CBCS particles could influence their behavior in cement mixes, but their small size and high specific 

surface area could compensate for this disadvantage. 

Frattini's tests confirmed that CBCS and CPH ashes have significant pozzolanic activity, making them 

suitable for use as partial cement substitutes. As for CC ash, it showed the greatest power to consume 

the lime contained in cement, thus confirming its acceptable pozzolanic potential despite the lesser 

characteristics observed. In addition, its availability and acceptable chemical composition make it a 

viable option. 
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In conclusion, sugarcane bagasse (CBCS), coconut fiber and husk (CC) and oil palm husk (CPH) ashes 

show good potential for use as partial cement substitutes, thanks to their favorable physical, chemical 

and microstructural properties. The combination of these ashes is well feasible and could offer a 

sustainable solution for reducing cement production costs and lowering the carbon footprint, thus 

contributing to greener construction practices in Côte d'Ivoire. This study provides a solid basis for 

encouraging the adoption of these alternative materials in the construction sector, paving the way for 

ecological and economic innovations. 
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