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Abstract 

Cement is the most energy-intensive and expensive material in concrete production. However, energy 

efficient and cost-effective concrete could be achieved using Supplementary Cementitious Materials 

(SCMs), which require less heating and emit less CO2. The research evaluated the effects of corncob ash 

(CCA) as a partial replacement of cement on the properties of concrete. A grade 20 N/mm2 concrete was 

produced using the Department of Environment (DoE) method of concrete mix design which served as 

control and another concrete was produced by partially replacing the cement content in the concrete with 

5, 10 and 15% corncob ash. The concrete properties were evaluated for workability at the fresh stage while 

the compressive strength was assessed at 3-, 7-, 14- and 28-days curing periods. The specimens were 

characterized using scanning electron microscopy (SEM-EDX) and Fourier Transform Infrared 

Spectroscopy (FTIR). Result shows decrease in slump value and increase in compressive strength with 

increase in the percentage of corncob ash. Samples with 5% corncob exhibited similar compressive strength 

(20.57 N/mm2) compare to the control (20.87 N/mm2) at 28 days of curing, as confirmed by SEM-EDX 

images and FTIR result. The addition of CCA leads to increase in water absorption. Therefore, corncob 

ash can be used to replace up to 15% cement in concrete production, and where higher compressive 

strength is required, 5 % replacement is recommended. 

Keywords: Concrete, Corncob ash, C-S-H, SEM-EDX, FTIR 

Introduction 

Concrete is the most widely used construction materials and cement is the most energy-intensive and 

expensive material in concrete production. The manufacture of cement poses a sustainability threat as its 

production emits a large amount of carbon dioxide (CO2) into the atmosphere coupled with the high 

consumption of natural resources (Bheel and Adesina, 2021). It is a known fact that production of cement 

consumes high energy and is responsible for about 5% of global CO2 emission. The production of 1 ton of 

cement releases about 900 Kg CO2 (Bakhtyar et al., 2017) . However, the use of supplementary cementitious 

materials (SCMs) as alternative to cement has been acknowledged by many researchers (Juenger et al., 

2019; Rukzon and Chindaprasirt, 2012; Samad and Shah, 2017).  

On the other hand, there exist several wastes from the agricultural industry (oil palm empty fruit bunch, rice 

husk, rice straw, sugarcane bagasse, wheat straw, corn cob, etc.) that can be incinerated, and the resulting 

ash used as a replacement of cement (He et al., 2020). Corn cob is one of such promising agricultural wastes 

that can be converted into corn cob ash (CCA) and use as cementitious material in concrete. Nigeria, being 

second’s African largest maize producer after South Africa and the 14th largest producer globally produced 

about 11.6 million metric f maize in 2021 according to United States Department of Agriculture 

(Management and Security, 2010; Ranum et al., 2014). This high production of corn means that there will 

be a corresponding generation of an equal amount of corn cob. Therefore, the use of such waste material 

into concrete will help to manage the wastes effectively while creating future demand of binders for concrete 

production.  

Moreover, available literatures have shown that using CCA as partial replacement of cement in concrete or 
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mortar is a promising way to cutting down  the amount of cement production which help to reduce energy 

and raw materials consumption in addition to cleaning the environment (Assefa, 2019; Desai, 2018). Corn 

Cob Ash was partially utilized as supplementary cementitious material (SCM) for cement and artificial 

fibers as micro reinforcement. This is with the view to find the effect of CCA on fresh, mechanical and 

microstructural properties of high-performance concrete through testing(Mohan and Chandrasekaran, 

2022). Results showed that 15% of CCA as partial replacement of cement along with 0.4% artificial fibers 

gave better compressive, tensile, flexural strength as well as improved microstructure of the specimens. 

Gradinaru et al., (2019)  investigated the effects of 5%, 10% and 15% volume replacement of cement with 

corn cob ash (CCA) on the concrete density, compressive strength, flexural and splitting tensile strengths. 

Results showed that CCA decreased the values of compressive and tensile strengths of the concrete, but it 

improved its density. It was concluded that 5% CCA is regarded as optimum percentage replacement. 

In another vein, the effects of corn-cob ash (CCA) on the durability of self-compacting concrete (SCC) was 

evaluated by Ogork and Auwal, (2017).  Outcome of the study revealed decrease in compressive strength 

of the SCC with increase in CCA content. It was concluded that CCA increased the water absorption of 

SCC and up to 15% can be used as partial replacement of cement. However, there is lack of intensive studies 

on the use of CCA as SCMs for concrete. Also, studies on the use of CCA have evaluated only compressive, 

tensile and flexural strengths while durability properties such as water absorption capacity and sorptivity 

were neglected in conventional concrete. Moreover, only few past studies assessed the microstructure of 

the concrete made with the CCA as partial replacement of cement. Therefore, there is the need to evaluate 

the effects of CCA on the properties of concrete. 

Materials and Methods 

Materials 

The materials used in this experiment were cement, corn cob ash (CCA), fine aggregate, coarse aggregate 

and water in accordance to the relevant standards. The cement is blended cement of BUA brand (42.5 R). 

The Corncob was collected from local farmers in Samaru, Sabon Gari LGA of Kaduna State while the CCA 

was obtained by air-drying and burning the corn cob to ashes using open burning process at an average 

temperature of 700 0C (this is to ensure proper burning) as shown in Figure 1. The ash was then ball milled 

using ball milling machine in the Department of chemical engineering, Ahmadu Bello University Zaria. 

The fine grain was then sieved using 75µm sieve size to produce finer ash. The CCA has not satisfied the 

requirement of ASTM C 618 as shown in Table 1, because the summation of SiO2, Al2O3 and Fe2O3 is less 

70%. However, the CCA satisfied the requirement of BS EN 197-1:200 of SiO2 content of at least 25%. 

The variation in the chemical compositions could be attributed to the source of the corncobs and methods 

of burning used (Olafusi and Sadiku, 2018). However, the chemical composition of the CCA can be 

improved by burning the corncobs under controlled conditions (Ahmed and Kamau, 2017,). Other 

properties of the constituent materials of the concrete are shown in Table 2.   

 

       
                  (a)  Raw Corncob             (b) Burning                      (c) CCA               (d) Ball milling 

Figure 1. Conversion of corn cob to corn cob ash 
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Table 1. Chemical composition of cementitious materials 

Oxides (%) K2O SiO2 CaO Al2O3 Cl Fe2O3 P2O5 SO3 MgO LOI 

CCA 32.59 26.89 10.37 5.64 5.29 5.28 4.97 3.93 2.55 3.78 

Cement - 10.47 68.76 1.09 - 3.82 - 2.02 6.13 - 

 

Table 2. Properties of the constituent materials 

Materials SG Bulk 

density 

(kg/m3) 

Moisture 

content 

(%) 

Absorption 

capacity 

(%) 

AIV 

(%) 

ACV (%) SAI 

Cement 3.17 1324 - - - - 82% ≥ 

75% 
CCA 2.51 1004 - - - -  

Fine 

aggregates 

2.61 1702 0.67 2.56 - -  

Coarse 

aggregates 

2.83 1542 0.27 0.22 26.67 21.67  

 

Methods  

A grade 20 concrete was designed using Department of Environment (DoE) method of concrete mix design 

which served as control. Another concrete was produced by partially replacing the cement with corn cob 

ash (CCA) using 5%, 10% and 15%. At the fresh stage, the concretes were subjected to workability test. At 

the hardened stage, the specimens were assessed for density and compressive strength at 3, 7, 14 and 28 

days. Workability, density and compressive strength tests were carried out in accordance with BS 1881: 

Part 102: (1983), BS 12390-7: 2019 and BS 1881: part 116, (1983) respectively. 

Durability tests 

At the end of 28 days curing, absorption test was conducted according to BS 1881-122 :( 1983). The test 

involves drying a specimen to a constant weight in an oven at 1050C for 72 hours. The sample was allowed 

to cool in the oven, weighed and the mass recorded (W1). Each sample was then immersed in water for 30 

minutes. Thereafter, the specimens were removed from the water and dried with a cloth as rapidly as 

possible until all free water was removed from the surface and re-weighed again (W2). The increase in 

weight as a percentage of the original weight is expressed as its absorption as shown below.  

Water Absorption (%) =
𝑤2−𝑤1

𝑤1
× 100      (1) 

Where, W1 is the oven dry weight of cubes in grams and W2 is the wet weight of cubes in grams. 

Sorptivity test was performed in accordance with ASTM C1585-04. The purpose is to determine the rate of 

absorption of water by unsaturated concrete (capillary rate of absorption of water). Sorptivity is a function 

of the increased mass of a specimen resulting from absorption of water, relative to the time that one surface 

is exposed to water. The specimens of the concrete were removed from the curing tank and allowed to dry. 

They were then put inside an oven and dried at temperature of 50±2oC for 72 hours. At the end, Abro 2000 

RTV silicone sealant was applied on the sides of the specimens in order to prevent water ingress through 

the sides of the specimens. The specimens were then weighted and the masses recorded. Specimens were 

subjected to Sorptivity test at 1, 5, 10, 20, 30, 60 minutes, 1, 2, 3, 4, 5 and 6 hours and the change in masses 

were recorded after each testing period. 
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Microstructure analysis 

Microstructure analysis was carried out using Scanning Electron Microscope with energy dispersive 

technique (SEM-EDX). This is a type of microscope that produces images of a sample by scanning the 

surface with a focused beam of electrons. The electrons interact with atoms in the sample, producing various 

signals that contain information about the surface topography and composition of the sample. Fourier 

transform infrared spectroscopy (FTIR) was also used to understand the structure of individual molecules 

and the composition of molecular mixtures. It uses a modulated, mid-infrared energy to interrogate a 

sample. The analysis was only conducted on control and 5 % specimen. 

 

Results and discussions 

Workability 

Figure 2 shows the slump values of the 0%, 5%, 10% and 15% concrete samples made with corn cob ash 

(CCA) as partial replacement of cement in concrete. Decrease in slump values can be observed with increase 

in partial replacement (from 5% to 15%) of cement with CCA. The control specimen has 37mm slump 

values while 5% and 15% CCA replacement have 36 and 17mm respectively. The 5% CCA has similar 

slump value (306mm) to the control while 15% CCA has the lowest slump value (46% lower than the 

control). This shows that the addition of CCA decreases the slump values (Assefa, 2019) requiring more 

water to make the mixes more workable as a result of increase in silica amount in the concrete (Bheel and 

Adesina, 2021).   

  

 

 
Figure 2: Effect of CCA content on Slump of concrete 

 

Hardened Properties 

Concrete Density 

Figure 3 shows the density of the concrete specimens at 28 days. After 28 days of curing, before the samples 

were checked for compressive strength, their mass was measured.  A decrease in density can be observed 

with increase in percentage replacement of cement with CCA. The density ranges from 2385 to 2450 kg/m3 

with 0 % replacement having the highest density while 15 % having the lowest density. The decrease in the 

density of the CCA replaced specimens was as a result of lower bulk density of the CCA as shown in Table 

2. Similar finding was reported by (Karim et al., 2024). This shows that 15% CCA specimens can be used 

in making light weight concrete (Assefa, 2019).   

 

37 36

32

17

0

5

10

15

20

25

30

35

40

0% 5% 10% 15%

S
lu

m
p

 v
a

lu
e
s 

(m
m

)

Percentatage (%) of CCA



LAUTECH Journal of Civil and Environmental Studies 

Volume 14, March, 2025 

95 
 

 
Figure 3: Effect of CCA content on the Concrete Density  

 

Compressive Strength 

Figure 4 shows the compressive strength results of cement-CCA concrete specimens at 3-, 7-, 14- and 28-

day curing age. It can be seen from Figure 4 that the compressive strength of all mixtures increased with 

age irrespective of the binder composition. At the early age (3 days), the compressive strength ranged from 

11.49 N/mm2 to 13.45 N/mm2. The results showed that the cubes containing 15% CCA had the highest 

compressive strength in the first three days while 0%, 5%, 10% and 15% replacement all satisfied the 

minimum required compressive strength of 40% and 65% of the designed strength (20 N/mm2) in the first 

three and seven days respectively (IS 456-2000 for conventional concrete). After 14 days of curing, the 

compressive strength ranged from 14.59 N/mm2 to 18.20 N/mm2. The 5% replacement had the highest 

compressive strength of 18.20 N/mm2 representing 91% compressive strength as against the 90% required 

by the IS 456-2000 after 14 days of curing while other specimens (0, 10, and 15 %) were having 72.95, 

79.8 and 75.20 % respectively. At 28 days, the control samples and 5 % replacement had compressive 

strengths of 20.87 N/mm2 and 20.57 N/mm2 (104% and 103 % of the designed strength) respectively 

(Gradinaru et al., 2019). The 10% and 15% replacements had 17.44 and 16.46 N/mm2 respectively. One of 

the reasons for the low compressive strength in 10% and 15% was that some supplementary cementitious 

materials only act as fillers at the early age, then react at a latter age to form further Calcium Silicate Hydrate 

(Chakrapani et al., 2019; Kanamarlapudi et al., 2020). In the latter ages, SCMs-replaced concrete could 

develop strengths that are higher than those of 100% cement(Hannesson et al., 2012). 

 
Figure 4: Effect of CCA content on the Compressive strength of the concrete 
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Durability Properties  

Water absorption 

Figure 5 shows the water absorption capacity (%) of the concrete specimens at 28 days. The water 

absorption ranged from 2.79% to 4.30% with the control specimen having the lowest and 15% having the 

highest water absorption capacity.  It shows that the water absorption capacity increases with increase in 

percentage of CCA as reported by Ahmed and Kamau, (2017). 

 

 

 
Figure 5: Effect of CCA on the Water absorption chart 

 

 

Sorptivity 

Figure 6 shows the result of sorptivity of the concrete specimens (0, 5, 10 and 15 %) at 28 days curing. It 

can be seen that there is increase in the rate of absorption (sorptivity) with increase in percentage 

replacement of CCA.  The result showed that specimens replaced with 15% CCA had highest sorptivity of 

0.5 mm/√s and the control specimen had the lowest sorptivity of 0.15 mm/√s. This means that CCA has the 

tendency to increase the sorptivity of a concrete when used as partial replacement of cement. This finding 

is in agreement with what was reported by (Kifile et al., 2022) 

 

 

Figure 6: Sorptivity 
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Microstructure Properties  

SEM with energy-dispersive x-ray spectroscopy (EDX)  

Figure 7 (a &b) shows the SEM-EDX images for the control and 5 % CCA specimen at 28 days. Chemical 

composition of hydration products was investigated by the SEM-EDX. Some spots were located in the 

microstructure of each concrete specimen to quantify Ca/Si ratio of C-S-H. It can be observed from Figure 

6b that the SEM-EDX spectrum of the 5 % CCA imparts more siliceous compound to mix after the 

pozzolanic reaction with higher Ca/Si ratio than that of control concrete in Figure 6a. This indicated that 

the consumption of calcium hydroxide in CCA concrete was due to the pozzolanic reaction that resulted in 

more C-SH gel formation with lower Ca/Si ratio than the control specimen (Amin et al., 2019; 

Shahbazpanahi et al., 2021). 

 
(a) Control Specimen 

 

 
(b) 5%CCA Specimen 

Figure 7: SEM with EDX of the concrete Specimens 
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Fourier transform infrared spectroscopy (FTIR)  
Table 3 shows the summarised FTIR results (shown in Figure 7a & 7b) of Control and CCA specimens (0% 

& 5%) at 28 days curing. The essence of the FTIR studies is to identify different interactions of Ca(OH)2 

with SiO2. The peaks at 3642 cm-1 to 3645 cm-1 are due to O-H stretching vibrations related to Ca(OH)2. 

The C-S-H of the CCA specimen exceeded that of the control specimen with wave numbers of 1003 and 

951 cm-1 (lower frequency corresponds to a lower degree of polymerization) for 5% and 0% respectively 

(Ellerbrock and Gerke, 2021; Mahene et al., 2020). This indicates the formation of polymerized calcium 

silicate hydrates (C-S-H) which is the most significant infrared spectra. The C-S-H transmittance of 

83.170% and 87.49% was obtained for 0% specimen and 5% specimen respectively. The result of the FTIR 

is line with that of compressive strength and SEM-EDX.  

  

Table. 3: Summary of FTIR results at 28 days 

Specimen Product Wave number (cm-1) Transmittance T (%) 

 

0% 

CSH gel 951 83.170 

CH 3638 93.275 

CaCO3 872/1640 85.051/95.537 

 

5% 

CSH gel 1003 87.49 

CH 3686 99.268 

CaCO3 872/1416 89.004/93.213 

 

 
(a) Control  

 

 
(b) 5 % CCA 

Figure 8: FTIR results of concrete specimens at 28 days 
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Conclusions 

Based on the outcomes of the research, the following conclusions are drawn:  

i. CCA decreases the workability of concrete, i.e., an increase of the percentage of CCA material 

leads to decrease in workability 

ii. The 5% replacement has a comparable compressive strength to the control. 

iii. 5% CCA is the optimum % replacement and, up to 15% can be used in the production of concrete 

where low density concrete is desired.  

iv. Water absorption capacity and sorptivity increases with increase in CCA % replacement 

v. SEM-EDX and FTIR analyses showed evidence of pozzolanic reaction in the specimen with 5% 

CCA and also the presence of C-S-H gel resulted from the pozzolanic reaction. 

vi. Moreover, the use of the CCA can lead to production of strong and sustainable concrete by 

reducing carbon emission as well as reducing the use of corncob as landfill. 
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