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Chapter 8
Investigating the Effect of Corn Cob Ash 
on the Characteristics of Cement Paste 
and Concrete: A Review

Rajwinder Singh  and Mahesh Patel 

Abstract The increase in the demand for construction materials has led to influ-
ence the researchers from the various fields to find an alternative way to utilize the 
waste. Agricultural fields produce a considerable number of wastes in terms of husk, 
straw and ash. Various studies have concluded that agricultural by-products possess 
high silicious content indicating their pozzolanic behavior and successful applica-
tion in cement and cement-based composites. Apart from the safe stabilization of 
such wastes in construction works, the overall cost of production has also been 
reduced, considerably. Corn cob is one of those waste products that remained in the 
agricultural fields for a longer period after the harvesting, which adversely affects 
the environment. This chapter reviews the various studies conducted on the incorpo-
ration of corn cob in various forms in civil engineering practices to reduce the envi-
ronmental problems associated with it.

Keywords Agricultural waste · Waste management · Safe disposal · Sustainable 
manufacturing

8.1  Introduction

With the rapid increase in urbanization in the past few decades, the shortage in the 
number of construction materials is caused. In order to fulfil the demand of the 
entire population, it is the need of time to produce enough quantity of the building 
materials such as natural sand, cement, aggregates and wood [1]. The processes 
involved in the generation of such building materials lead to produce a large number 
of problems to human health and the environment. In addition to that, the mitigation 
ideas of these problems haven’t gained much attention. Apart from this, during the 
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processing of cement from the clinkers, greenhouse gasses are emitted into the envi-
ronment [2]. China is responsible for more than half of the world’s total cement 
production. In the year 2018, China produced 2.17 million tonnes followed by India 
300 million tonnes [3]. It is anticipated that the total amount of cement production 
will be increased from 3.27 billion tonnes to 4.83 billion tonnes in the year 2030 [3]. 
The overall global production of cement in the year 2016 has been reported to be 
4174 metric tonnes, which was 24.96% more than the total production in the year 
2010 [4]. It has also been reported that approximately 0.5 tonnes of CO2 are released 
into the atmosphere during the production of 1 ton of cement which makes 5–6% of 
total CO2 emitted in the environment through anthropogenic activities [5]. Globally, 
many types of wastes are generated annually in the form of liquid, gas and solid. 
Around 23.7 million tonnes per day of food is produced from agricultural fields 
across the globe [6]. The growth in the overall production rate has caused a signifi-
cant impact on the environment in terms of affecting the soil, air and natural water 
resources [7].

Therefore, to reduce the number of problems and to fulfil the demand for con-
struction materials, the wastes generated from the industrial and agricultural areas 
have been taken into account by various researchers [8, 9]. It has been found that the 
addition of some particular types of waste from the respected fields as a replacement 
material for the conventional materials has caused a positive impact on the environ-
ment and the overall cost of the construction activity [8, 9]. In India, a large number 
of by-products are produced from the agricultural fields after the cultivation of a 
particular type of crop. Agricultural wastes such as leaves, paddy straw, bagasse, 
stalks and cobs are usually left in the fields or disposed of in the landfills [10, 11].

Corn is one of the most important crops which is produced in India after wheat 
and rice. The overall production of the corn crop was around 29.8 million tonnes, in 
the year 2018–2019 [12]. Because of the higher production amount, by-products 
such as outer shells with silky hairlike structures and corn cob are also produced in 
excessive amounts. The outer layer with silky parts consists of the fibres that are 
used as a medicine to prevent the inflammation of kidney stones and to treat prob-
lems related to high blood pressure [13]. But the corn cob remains unused until its 
natural degradation. Therefore, in order to utilize and eliminate the excessive 
amount of corn cob waste generated from the agricultural and industrial fields, 
researchers have already conducted numerous studies to use it by converting it into 
ash for its utilization in construction activities [14]. It has been observed that this 
material has proven to give positive results when added up to a certain level of 
replacement of cement [14, 15].

The effect of several agricultural wastes on the concrete characteristics has been 
reviewed in recent times [9, 16, 17], but a review study on the effect of corn cob ash 
(CCA) on the mechanical and durability properties of concrete has not been carried 
out in the literature. Thus, this chapter reviews the available information regarding 
the physical and chemical properties of CCA and its effect as a mineral admixture 
in the concrete as a partial replacement of cement. The mechanical and durability 
properties of concrete as influenced by the corn cob as a sustainable constructional 
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Fig. 8.1 (a) Fully grown corn crop, (b) corn cobs after the removal of grains, (c) corn cob residue

material are explained in the further sections. The life cycle of the corn crop from a 
fully grown cob to the extraction of grains to the final product is illustrated in 
Fig. 8.1.

8.2  Properties of Corn Cob Ash

In this section, the chemical composition and the physical properties of CCA are 
given. The effect of these properties on concrete, when mixed with cement, is also 
discussed in detail.

8.2.1  Chemical Composition

The chemical composition of the CCA analysed by x-ray fluorescence by various 
authors is given in Table 8.1.

As shown in Table 8.1, the CCA has satisfied the requirement to be a good poz-
zolanic material by satisfying the combination of SiO2 and Al2O3 more than 70% [2, 
27, 31]. In the previous studies, the pozzolan with a higher amount of siliceous 
compound has been reported to cause positive impacts when blended with cement 
for concrete production.

8.2.2  Physical Properties

The range of physical properties of the CCA as reported in the literature is given in 
Table 8.2.
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Table 8.1 The range of chemical composition of CCA used in the previous literature [18–30]

Chemical compounds Value (% by mass)

SiO2 37.00–79.24
Al2O3 0.98–17.57
Fe2O3 0.64–9.07
CaO 1.8–13.0
K2O 0.14–23.5
Na2O 0.07–4.60
MgO 0.98–7.35
SO3 0.08–13.76
Cl –
P2O5 0–6.49
MnO 0–0.14
BaO 0.03

Table 8.2 The physical properties of the CCA by various authors [19, 20, 22–24, 26, 27, 31–38]

Properties Value

Moisture content (%) 0.65–0.77
Specific gravity 1.05–3.49
pH 9.73
L.O.I 1.47–22.50
Colour Greyish purple
Soundness 0.77–2
Median particle size (μm) 29–45
Blaine fineness (m2/kg) 272–385

8.3  Effect of Corn Cob Ash on the Mechanical 
and Durability Attributes of Concrete

In this section, the properties of concrete in the fresh and hardened state are dis-
cussed. The effect of the addition of CCA on the mechanical properties of concrete 
when varying dosages of the mineral admixture and curing period is explained fur-
ther in the following subsections. The process involved in the concrete manufactur-
ing based on the integration of the waste material, that is, CCA, as a partial 
replacement of cement, is shown below in Fig. 8.2.
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Fig. 8.2 The process to manufacture the CCA-based concrete for the construction activities

8.3.1  Initial and Final Setting Time

The effect of the CCA on the setting times of the cement paste was checked, and it 
was observed that the CCA had a noticeable effect on the initial setting time than the 
final setting time [37]. The cement paste having 30% of replacement had the initial 
setting time of 27 min, whereas the control specimen shows the initial setting time 
of 56 min. The same paste with 30% replacement had the final setting time of 4 h 
and 30 min, whereas the control specimens show a final setting time of 4 h and 
5 min. However, the study has suggested that replacement up to 20% is more prefer-
able to the other higher replacement percentages [37]. The cement pastes blended 
with the CCA show higher setting times when compared to the control specimens 
[19, 31]. Studies have recommended the use of blended CCA-type paste where less 
development of heat rate is needed, that is, mass concreting [19, 31].

8.3.2  Soundness

The soundness of the cement pastes consisting of CCA was measured with the Le 
Chatelier apparatus. The soundness of the pastes was between 1.0 and 2.0 mm, that 
is, below 10  mm, confirming the specifications suggested by the British stan-
dards [37].
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8.3.3  Hydration of Cement Paste with CCA

The normal cement pastes made with the OPC have two main peaks, that is, silicate 
and sulfate deletion peak, which is responsible for the fast dissolution of the C3S 
compound in order to form the C-S-H gel and conversion of the ettringite from 
C3A.  The partial replacement of cement with the CCA lowers these peaks. The 
hydration peaks of cement system containing 20% of CCA replacement generally 
showed up in 2–3 h; however, these peaks for the OPC and the other mineral admix-
tures occur between 8 and10 h [39, 40]. Thus, it can be inferred that the hydration 
of the alite and aluminite in the cement gets faster with the addition of the CCA [41].

8.3.4  Workability

The workability of the concrete has also been reported to be reduced as the percent-
ages of CCA are increased [27]. The mix becomes harsher, that is, more water is 
required to make the paste workable. As explained earlier, the increase in the amount 
of water is directly dependent upon the amount of silica present in the mixture. 
Because the reaction between silica and lime needs extra water except the water 
required for the hydration of cement [42, 43].

Similar results were obtained in another study where the slump values of the 
concrete made by the addition of the CCA decreased as the substitution of ash is 
increased in the mix [44]. A significant reduction in the slump of the mix has been 
reported, from 35 mm to 12 mm, as the percentage of ash increased. Similarly, the 
compaction factor was also decreased from 0.89 to 0.67, when the amount of CCA 
is increased from 0% to 25%. The same trend was seen for all the mixes (1:1½:3, 
1:2:4 and 1:3:6 mixes). It has been observed from the results that the mix has 
become stiffer as the content of CCA is increased, that is, more amount of water is 
needed to make the concrete workable [44]. The results found by the other authors 
also showed the trend of a decrease in the workability of the concrete [45, 46]. 
Authors have also suggested that this could be due to the increase in the amount of 
silica in the concrete mix by the addition of CCA [34, 37]. However, a few studies 
claim that the addition of CCA has resulted in the improvement of the workability 
of all of the mixes [24, 26, 29, 47]. Researchers have suggested that the maximum 
workability was achieved when 20% and 30% replacement of cement is done with 
CCA [24, 47].

R. Singh and M. Patel



97

8.3.5  Compressive Strength

When the CCA is utilized as a pozzolan in addition to the cement for the concrete 
production, reduction in the strength in early days is observed, but when curing days 
are increased, that is, 56 days, strength is reported to be increased [44]. A study was 
conducted to check the effect of the addition of the amount of CCA which was used 
as a replacement material in the concrete. After a particular curing age of the speci-
mens, that is, 3, 7, 28, 60, 120 and 180 days, results were noted down. The obtained 
results showed that at 28 days of curing, the strength of the specimens is very low 
than that of control specimens. Whereas, in the later days (60 days of curing), due 
to the pozzolanic action of the ash, the compressive strength of the specimens made 
with CCA starts increasing [44]. The authors have also suggested that to get the 
maximum gain in the strength, the specimens should be cured for at least 180 days 
and the maximum possible replacement of CCA in concrete from the load-bearing 
point is 8% [44].

Another study follows the same trend as above; the compressive strength of the 
concrete made by the replacement of cement with CCA showed a decrease in the 
compressive strength when tested at different curing ages [37]. Generally, the speci-
mens that are prepared using only OPC, that is, without any mineral admixture, 
show an increase in the compressive strength with the curing age, which indicates 
that the hydration of the cement has commenced. The results of the study repre-
sented that the used corn cob ash has failed to provide a sufficient amount of poz-
zolanic activity to the cement paste which ultimately results in the reduction of the 
compressive strength at each percentage of replacement and curing age [37]. The 
obtained results were below the reference specimens. It has also been observed that 
the rate of development of strength in the CCA concrete is lower in the early days 
but gets significantly higher in later days of curing [37]. The authors have also sug-
gested that the replacement of CCA in the concrete can be done up to 10% without 
any major noticeable reduction in the strength [37].

Similar work has been conducted to check the feasibility of using CCA as a poz-
zolan in the concrete. Various mixes having different replacement percentages and 
curing periods were cast. It was found that the addition of this pozzolan as a replace-
ment material of cement causes a significant reduction in the compressive strength 
of the specimens when compared to the control ones [24, 29]. The reason might be 
that during the initial days, the corn cob acts as a filler or inert material that fills the 
gaps, while at a later stage, the gain in the strength was due to the formation of 
calcium-silicate-hydrate (C-S-H) compound through the reaction between the sili-
ceous elements of pozzolan and the excessive lime from the secondary hydration of 
the cement [24, 29].

An experimental study reported that the strength of concrete decreases as the 
replacement percentage of CCA is increased in the mix [27]. In the early days, the 
rate of development of strength in the specimens made with replacement was 
reported to be very slow in comparison to the normal concrete. The observed behav-
ior is in line with the available literature in which concrete contains the pozzolanic 
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materials and shows a slower gain in strength in the early days [18, 48]. After 56 
days, the commencement of the pozzolanic action is observed as the compressive 
strength of concrete started to increase [27]. The reason for the increment in strength 
can be credited to the reaction of corn cob ash and sawdust ash with the extra lime 
released during the secondary hydration of cement. The authors have also suggested 
the use of such types of pozzolans in the applications of concrete where the strength 
is not the primary concern such as an application for the floor screed. It has been 
reported that when 10% of replacement of cement is partially replaced with CCA, 
the observed compressive strength was slightly higher than that of control speci-
mens. Beyond 10% replacement, a significant reduction in the strength of the speci-
mens has been noticed [47]. Similar results were obtained when the assessment of 
the integration of CCA in the cement for concrete production was checked, and 
results suggested that when the amount of replacement is increased, the compres-
sive strength of concrete has been reported to be decreased. The study also revealed 
that at 10% replacement, the gain in the compressive strength was maximum 
(27.01 N/mm2) than the other percentages (23.65 N/mm2 and 14.06 N/mm2) after 28 
days of curing [34].

In a study, a significant reduction in the compressive strength is observed when 
the amount of CCA is increased in the cement mixture for concrete production [41]. 
The results of compressive strength of a study conducted on the CCA in the con-
crete with replacement percentages of 3% and 20% and tested after 7, 28 and 112 
days of curing [41] show that the replacement of the CCA in the concrete with the 
cement has caused a reduction in the compressive strength even after 112 days of 
curing when compared to the control specimens [41]. The reason for the reduction 
may be caused by the inert nature of ash or the higher alkali content in it [41]. As 
reported in the American Society for Testing and Materials (ASTM), C90 [49] 
needs at least the compressive strength of 13.8 MPa for the masonry items; there-
fore, the load-bearing masonry items can be easily made with the use of CCA to 
fulfil the requirement. Authors have also suggested that the incineration of corn cob 
at higher temperatures could result to produce more reactive ash which may be use-
ful to provide sufficient pozzolanic behavior to the ash during the hydration reac-
tion [37].

8.3.6  Tensile Strength

As the amount of CCA is increased, a significant reduction in the tensile strength 
has been observed [26]. The specimens cast with 10% replacement of cement 
showed 80% strength of control specimens, whereas at 20% of replacement, the 
tensile strength gets reduced up to 50–60% of control specimens. The increase in 
the curing days and replacement percentage has caused more reduction in the ten-
sile strength as a similar trend has been observed when the specimens were tested 
even after 91 days [26]. The other previous studies conducted showed that the 
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tensile strength of the concrete specimens cast with the addition of CCA has also 
been reported to be low [24, 29, 37].

8.3.7  Density

The densities of the specimens cast with the different dosages of CCA were less 
than the control specimens which confirm the hypotheses in the previous literature 
that the supplementary cementitious materials possess the low specific gravity 
which ultimately increases the overall volume of the concrete mixes per unit mass 
[50]. The densities of the concrete specimens were noticed to decrease even after 
the curing period is increased up to 91 days [24]. The previously available literature 
has also reported that the addition of CCA as a pozzolan in the concrete has caused 
a negative impact on the tensile strength of the specimens [24, 29, 45, 46].

8.3.8  Water Absorption

CCA successfully reduced the water absorption capacity of the concrete [18, 46]. 
Better results have been reported when the optimal replacement of 10% of cement 
is done with corn cob ash for the mixes, that is, 1:1 1/2:3 and 1:2:4 [18]. Whereas 
another study suggested that the optimal value of replacement of cement with CCA 
is 7.5% which is sufficient to reduce the absorption of water in the concrete [51].

However, opposite results have been observed in the case of the concrete con-
taining 15% of CCA as it shows a higher percentage of water absorption (9.5%) 
than the control concrete (5%) [37]. The control concrete has been reported to be 
more superior to the CCA-based concrete by resisting the penetration of water 
through the voids. As the water absorption is less than 10%, the CCA concrete is 
suggested to be used for the construction works [37]. The water absorption gets 
much higher when the content of CCA is further increased. The reason could be 
related to the development of the less permeable layer of calcium-silicate- 
hydrate [18].

8.3.9  Permeability

As the content of CCA is increased in the concrete mix, the amount of pure binder 
is reduced which resists the proper bonding of all other ingredients such as fine and 
coarse aggregates. This phenomenon led to the formation of gaps between the par-
ticles. The increase in the number of voids in the concrete, thus, increases the per-
meability [18].
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8.3.10  Chemical Attack

The CCA-based concrete has resulted in improving the resistance to the chloride 
attack and that absorbed less HCl acid water has lower loss in weight after brushing. 
This confirms the report in the literature that the lower the permeability, the higher 
the resistance to chemical attack [52, 53]. Authors have also described acid resis-
tance to the attack of HCL and H2SO4 that it depends upon the percentage of incor-
poration of the CCA and the mix proportion in the paste. The obtained results 
showed that the concrete made by the integration of CCA shows more resistance to 
the HCL attack when compared to the H2SO4 attack [52, 53].

The usage of the pozzolanic materials in the cement has been useful in order to 
reduce the penetration of the aggressive materials. The admixture holds the Ca(OH)2 
compound, which is a very important material in the hydration of cement where the 
acid attack is a major problem [54, 55]. Better performance of concrete manufac-
tured by the addition of CCA by replacing the cement is observed over the control 
specimens, when dipped in the Na2SO4 and MgSO4 solutions [24]. Similar results 
were observed when CCA-based concrete was subjected to the HCL solution up to 
20% of replacement of cement. Beyond that replacement, a significant deterioration 
in the performance of concrete is observed [18].

8.3.11  Sulfate Resistance

The specimens cast with the addition of CCA have shown lesser expansions when 
compared to the control ones. The reason may be associated with the reduction in 
the amount of ettringite formation as the siliceous content present in the CCA gets 
used up during the formation of C-S-H gel. The pozzolanic reaction, consumption 
and reduction in the amount of calcium hydroxide and aluminate hydrate and the 
filler effect of the CCA itself explain the ability of admixture-based concrete to 
resist the damaging action of Na2SO4 attack. This type of concrete is suggested to 
be used in acidic environments in order to protect the structures [24, 29].

8.4  Conclusion and Recommendations

This review chapter has reported the available literature on the cement paste and 
concrete made with the integration of CCA as a replacement material. Authors have 
discussed the results in detail to find various hidden possibilities to use this admix-
ture in the future for many more constructional activities. Based on the reviewed 
studies, the following conclusions can be made:

• The addition of CCA in cement has significantly affected the setting times, 
soundness and hydration of cement pastes.
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• The concrete containing the CCA should be allowed to cure for more than 120 
days in order to provide sufficient time for its pozzolanic action.

• The fresh, mechanical and durability properties of CCA-based concrete have 
been reported to be enhanced when the replacement is done up to 8–10% 
of cement.

• The concrete made by the CCA is suggested to be used for construction activities.

By examining the available literature thoroughly, the author suggests the readers 
to use this waste in addition to the microbes to get more improvement in the perfor-
mance of the manufactured concrete, as microbes have already been reported to 
cause a positive impact on the properties of concrete. The effect of the combination 
of CCA with other pozzolans such as rice husk, fly ash and silica fume in different 
concrete dosages and curing conditions can also be explored by the readers.
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