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Abstract: Cement is the most utilized construction material, and the second most consumed commodity in
the world after water. Its demand has soared proportionately with the exponential rise in population in a
bid to match the required development. The heavily energy-intensive processes that are involved in its
production contribute to about 7 to 10 per cent (%) of the total global emissions, with potentially adverse
environmental implications, and are also economically expensive. These processes, and generally those of
the production of concrete consume heavily on natural resources such as sand, gravel, water, coal and
crushed rock, mining of which mars the environment. It is however possible, that energy and cost efficiency
can be achieved by reducing on the amount of clinker, and in its place utilising supplementary cementitious
materials (SCMs) that require less process heating and emit fewer levels of carbon dioxide (CO2). This study
investigated the ability of corncob ash (CCA) to be used as a SCM by testing for pozzolanic or hydraulic
properties and performance in sulfate environments. Experiments were carried our by supplementing
cement by weight in concrete mixes with CCA at 5%, 7.5%, 10%, 15%, 20%, 25% and 30% steps at the
point of need. Results were compared with a control specimen, which was made with 100% cement.
Durability was tested using the sulfate elongation test. The results showed impressive compressive
strengths that were suitable for structural applications. It was concluded from the sulfate elongation test
that CCA supplemented concrete could be used in aggressive environments with an advantage. The results
showed good repeatability and highlight the potential of CCA as an effective pozzolan, which could enhance
the sustainability and economic aspect of concrete, as well as improve its properties in both the wet and
hardened states.
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1. Introduction

It is reported in literature that apart from environmental friendliness, the use of supplementary
cementitious materials (SCMs) such as pulverised fuel ash (PFA), ground granulated blast furnace slag
(GGBS), Silica fume (SF) and rice husk ash (RHA) reduces the cost of concrete and improves the durability
of hardened concrete, thereby enhancing the service life of structures [1, and 2]. This work investigated the
suitability of corncob ash (CCA) for use as a SCM.

Cement is deemed to have a considerably high carbon footprint, contributing immensely to global
anthropogenic CO2 [3]. Global warming is a phenomenon that brings about a rise in global temperatures
due to the presence of excessive carbon dioxide (COz) in the atmosphere, and is cumulative and irreversible
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over timescales of centuries [4, and 5]. The burning of fossil fuels, in this case for the production of cement
contributes to the greenhouse gas effect, which is a major cause of global warming [6]. Even though heavily
energy intensive, cement is pivotal to development and is produced in virtually all countries [7]. One ton of
concrete on average is produced every year for each human being in the world, a population that currently
stands above 7 billion [8, 9]. The growing population, matched by a corresponding increase in demand for
socio-economic infrastructure that is aimed at creating affluent societies, especially in the developing world
and former socialite countries, has led to a gradual increase in the demand for cement in the past few
decades, with construction investment directly linked to higher gross domestic product (GDP) [10, 11].
Cement was described by Al-Salami and Salem [12] as the most utilised construction material in the world,
its global consumption only seconding that of water. It constitutes between 7%-15% of the total mass of
concrete mixes [13], yet according to Sakai and Noguchi [11], the development of a nation is directly
proportional to its consumption of concrete. Its yearly global production was 1.6 billion tons over 10 years
ago, accounting for about 7% of the total global CO2loading in the atmosphere, a considerably high level of
emissions when compared to 2% total global CO2 emissions attributed to the aviation industry [14-16].

The production of a ton of cement emits approximately a corresponding ton of CO; [17], making it the
most energy-intensive material produced after steel and aluminium [3, 14]. In as much as development is
required to match increasing populations, it should also be sustainable [18]. The underlying principles of
sustainability lie in the appropriate balance of economic, social and environmental impacts [19]. Steel et al.
[18] defined sustainability as a road for society advancement in which progress must be in harmony with
the natural world, rather than in conflict with it, while Gambhir [14], termed it as a regime in which
endeavors are towards meeting the needs of the present generation without compromising those of future
generations. With a heavy demand for concrete in the developing world and other major and equally
populous economies such as China and India predicted, cement producing companies have not anticipated
in the foreseeable future any major changes in production that will reduce on emissions [1]. However,
energy efficiency can be achieved by reducing on the amount of clinker and utilising SCMs, which require
less process heating and emit fewer levels of CO, [14].

Industrial and agricultural waste products such as PFA, GGBS, SE, RHA and CCA unnecessarily occupy
space when stored or create environmental hazards when dumped in landfill [1]. Their utilisation in the
construction industry reduces the overall cost of construction, mitigates on the technical and
environmental nuisance that is associated with the production of cement, reduces solid waste, cuts on
greenhouse gas emissions and conserves existing natural resources, thereby enhancing sustainability as
well as improving the properties of fresh and hardened concrete [1, 20, 21]. Sulfate attack is a durability
issue that causes concrete to lose its compressive strength, with severity depending on the type of sulfate
[22-24]. All commonly available water-soluble sulfates are deleterious to concrete, but the most severe
effects are observed when the attack is associated with magnesium cations [1]. Higher sulfate
concentrations in water are due to Magnesium sulfate (MgS04), which is highly soluble in water at room
temperature (20°C) when compared to sodium sulfate (Na2S04) [1]. Both Na;SO4 and MgS04 attacks have
deleterious action on concrete but with different resultant effects [1]. Na;SO4 attack is manifested and
evaluated through expansion, while MgS0, attack is manifested and evaluated through the loss of strength
of concrete [1]. MgS04 attack is determined by the diffusivity of hydroxide and sulphate ions, with
hydroxide ions diffusing outwards to form brucite and sulfate ions diffusing inwards to form gypsum [25,
26]. This combined layer of gypsum and brucite retards the harmful effect of MgSO4 attack in the early ages
[1, 26, 27]. However, at latter ages, this protective skin peels off due to the formation of expansive gypsum
and ettingite, which causes cracking in the surface of the brucite layer [1, 2, 26]. The subsequent
decomposition of calcium silicate hydrate (C-S-H) gel to magnesium silicate hydrate (M-S-H) gel permits the
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easy diffusion of sulphate ions into the hardened cement matrix [1, 26, 27]. This alteration of C-S-H to M-S-
H is the major process of MgS0O4 attack [28, 29]. Low sulfate resistance is influenced by high contents of
calcium hydroxide (CaOHz), Sulfite (SO4), iron oxide (Fe203) and alite (C3A), and low levels of silicon dioxide
[SiO2] [24, 30-33]. A high molar ratio of (sulfate) SO3 to aluminium oxide (Al,O3) increases the risk of the
formation of monosulfate that otherwise results in expansive ettringite and gypsum on exposure to sulfate
attack [1, 34, 35]. Higher levels of reactive Al,03 can mean less expansion at low replacement levels of SCMs
[1]. Corn is the main staple food in the Eastern and Southern Sahara Africa, accounting for more than 20%
of domestic food production [36]. Corncob is the hard central core of corn which bears the grain of the ear
cob, while CCA is the remnant of incinerated corncob [1, 37].

2. Research Significance

CCA has neither been widely studied nor applied in practice. It was termed by (Bapat) as one of the
remotely known but potentially useful admixture. Even though Bapat [1], Shetty [33], Rao, et al. [38] and
Zhou, et al. [39] reported that SCMs improve the workability of fresh concrete, Olafusi and Olutoge [37],
Adesanya and Raheem [40] and Udoeyo and Abubakar [41] recorded a decrease in workability with an
increase in the content of CCA, and attributed the behavior to a high water demand that is caused by the
large amounts of silica that are present in CCA. This is not consistent with the behaviour of SCMs and hence
calls for further investigations. Previous studies have also looked at blending CCA with cement at the
factory and not mixing at the point of need. There is generally a shortage of portable tap water for mixing
concrete, especially in the developing world [42]. Most people, especially from peri-urban settings will use
any available water for this purpose, such as that obtained from boreholes, sewages and swamps [42, 43].
Some of the water from these environments may be contaminated and can be a source of aggressive ions on
concrete, which can lead to a reduced service life of resultant structures due to expansion, cracking, spalling
and loss on compressive strength [22-24, 42, 44]. Limited work was found on the resistance of CCA
supplemented concrete to sulfate attack. This study involved replacing cement with CCA at the point of
need, and investigated the compressive and tensile strengths, density, workability as well as sulfate attack
on hardened CCA supplemented concrete.

3. Methods

CCA was sourced from Kenya, from where corncobs were incinerated under uncontrolled conditions in
open air using charcoal fuel, at temperatures of about 650°C to 800°C for over 8 hours until they turned to
ashes. The cement used was type CEM 1 52.5 N conforming to BS EN 197-1: 2000 [45]. Cube moulds that
were used to make specimens measured 100mm x 100mm x 100mm conforming to European codes, BS EN
12390-1:2012 [46] and the specimens were cast conforming to BS EN 12390-2:2009 [47]. The target mix of
the study was strength class C32/40 at mix proportions of 1: 2: 3 (cement: sand: aggregates). Cement was
substituted with CCA by weight in percentages of 0%, 5%, 7.5%, 10%, 15%, 20%, 25% and 30%. The 0%
replacement also referred to as the ‘control specimen’ was used as the reference to which the performance
of all replacements was measured [40]. A constant water cement ratio (WCR) of 0.5 was used for all mixes
for a good balance of workability and strength in line with Abram’s law which states that the strength of a
concrete mix is determined by the WCR, with lower WCR spelling higher strengths and vice-versa [48]. To
ensure repeatability, a total of three cubes were cast for each testing age and the average compressive
strength was reported [6, 49]. The cubes were left in the molds for 24 hours, before being stripped, marked
and submerged in a water tank at temperatures of 200 +2 until their testing age. Compressive tests
conformed to BS EN 12390-4:2000 [50] at 7, 28, 56 and 91 days. Splitting tensile strengths were carried out
using 150mm diameter cylinders, equally cured in a water tank at temperatures of 200 +2 for 91 days, with
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tests conforming to BS EN 12390-4:2000 [50]. The sulfate elongation tests conformed to the American
Society for Testing and Materials (ASTM) C1012/C1012M [49]. Cubic prismatic samples measuring 160mm
x 40mm x 40mm and cubes measuring 100mm x 100mm x 100mm for sulfate elongation and strength
deterioration tests respectively were prepared, demolded after 24 hours and cured in water for 6 days.
Three cubes were crushed on the sixth day to ensure that the compressive strength was not below
20N/mm?2. The specimens were then immersed in 5% Na;S04, 5% MgS04 and mixed 2.5% + 2.5% NazS04
and MgS04 solutions. A pH of between 6 and 8 was maintained on the sulfate solutions throughout the
testing period. Length change was measured at 1, 2, 3, 4 and 8 weeks, and 4, 8 and 9 months, and calculated
to ASTM [49] using (1) below.

AL=2"%100 1)
Lg

where:

AL is the percentage change in length at measuring age, Ly is the veneer calipers reading of specimen at
measuring age, L; is the veneer calipers reading of specimen at immersion and Lg is 160mm (nominal length
between the innermost ends of the moulds used)

Strength deterioration was assessed using the strength deterioration factor (SDF) using (2) after Moon, et
al. [51].

SDF = (fcw' - fcs'/fcw') X 100 (2)

where f.v is the compressive strength of control specimen cubes and f.eis the compressive strength of
sulfate immersed specimen cubes. Surface deterioration was observed at 270 days.
4. Results and Discussions

4.1. Chemical Analysis

Table 1. Oxide Composition of CCA

Oxide Percentage Composition
Calcium oxide (CaO) 1.8
Silicon dioxide (Si02) 38.8
Aluminium oxide (Al203) 7.9
Ferric oxide (Fe203) 7.4
Magnesium oxide (MgO) 2.1
Potassium oxide (K20) 23.5
Sodium oxide (Naz0) 0.9
Sulphur trioxide (S03) 0.6
Loss on ignition (LOI) 10.8

Table 1 shows the oxide composition of CCA obtained by X-ray diffraction (XRD). The chemical pozzolanic
requirements of ASTM C618 [52] and BSI [45] of Si02+Al>03+Fe203 of greater than or equal to (2) 70% or
the LOI requirements of BSI [45] or ASTM [52] of less than 5% and 10% respectively were not satisfied. The
cementitious properties of a CaO content of greater than 20% or the pozzolanic and cementitious
properties of a CaO content of between 10% and 20% as discussed by Al-Akhras [53] were not satisfied.
The ratio of CaO + Mg0/SiO; to exceed 1 for cementitious materials to BSI [45] was also not satisfied.
However, a conclusion that CCA could possess pozzolanic properties can be arrived at since the BSI’s
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requirement of a SiO2 content of at least 25% was satisfied [45]. The chemical composition inferiority of
CCA used for this study could be attributed to uncontrolled incineration, since Bapat [1] posited that
incinerating rice husks under controlled conditions can help to improve the oxide composition of the
resultant RHA, a concept which could also be applied to corncobs. For the requirements discussed by
Tishmack, et al. [35] on sulfate attack resistance, CCA used for this research had relatively low levels of SiO-
and high Fe;03, which is an indication of low resistance to sulfate attack, even though CaO and the ratio of
S03/Al;03 were relatively low, a quality which, according to Tishmack, et al. [35], contributes to higher
sulfate resistance.

4.2. Compressive Strength

Table 2 and Fig. 1 show compressive strengths at 7, 28, 56 and 91 days of hardened concrete with 0%,
5%, 7.5%, 10%, 15%, 20%, 25% and 30% CCA replacement.

Table 2. Compressive Strength of CCA Replaced Mixes (N/mm?)

Curing Compressive strength at percentage replacement (N/mm?)
age (days) | Control | 5% 7.50% | 10% 15% 20% 25% | 30%
7 56.2 42.0 42.3 32.1 28.1 19.2 16.2 | 15.3
28 61.6 49.0 51.3 37.9 34.3 23.5 189 | 19.3
56 67.6 51.8 54.4 43.1 38.3 259 23.0 | 22.0
91 71.3 55.9 63.5 47.8 41.5 29.8 24.0 | 235

Compressive strength of CCA replaced concrete
against curing age (N/mm?)

80.0
60.0
40.0
20.0

0.0 e —
7 28 56 91
Age (days)

Compressive strength (N/mm?)

O Control E 5% 7.50% BE10%
M15% ®@20% E25% 30%

Fig. 1. Compressive strength of CCA replaced concrete (N/mm?2)

Replacements of up to 15% achieved strengths that were above the targeted class C32/40 at 91 days,
which is among strength classes listed by BS EN 1992-1-1: 2004 [54] and BS 8500-1:2015 [55], as being
suitable for structural applications. However, all replacements showed impressive strengths. Compressive
strengths increased with curing age, and an addition of CCA resulted in a decrease in compressive strength,
consistent with the behavior of SCMs [1, 33, 37, 40, 56]. According to Shetty [33] and Bapat [1], the early
age strength was solely due to the hydration of cement, with CCA only acting as an inert filler of voids and
not contributing to the strength gain, while the latter age strength was due to the reaction of SiO; present in
the CCA with free lime [Ca(OH).] from the hydration of cement in a secondary reaction over time, to form
strength giving compounds such as calcium silicate hydrate (C-S-H).

219 Volume 4, Number 4, December 2016



International Journal of Materials Science and Engineering

4.3. Tensile Strength

Table 3. Tensile Strength of CCA Replaced Concrete at 91 Days (N/mm?2).

The tensile strength of CCA replaced concrete decreased with increasing CCA replacement as shown in

Percentage replacement

Specimen Control | 5% | 7.5% | 10% | 15% | 20% | 25% | 30%
Tensile strength
(N/mm?) 3.6 35| 23 | 28 | 13 | 21 | 16 | 22
Tensile strength of CCA replaced specimens at 91 days
(N/mm?)

—~ 4

E 35

g 3

&

= 2.5

B 2

=]

£ 15

173

o 1

% 0.5

= 0

Control 5 7.5 10 15 20 25 30

Fig. 2. Tensile strength of CCA replaced concrete at 91 days (N/mm?2).

Table 3 and Fig. 2, consistent with the behavior of SCMs [6, 20, 21, 34, 35].

4.4. Density

Table 4 and fig. 3 show the densities of CCA replaced specimens over 91 days curing. Consistent with
literature that SCMs provide an advantage by decreasing the mass of concrete per unit volume due to their
lower particle specific gravities, the densities of CCA replaced specimens were lower than those of 100%
cement at all replacements, and decreased with further CCA replacement [1, 57] Densities were also
observed to decrease with curing age, also consistent with literature that SCMs reduce the densities of
concrete with time due to the consumption of SiO; that is present in SCMs and free lime from cement
hydration in the secondary reaction over time to form strength giving compounds such as C-S-H, which are

less dense than the cement components from which it is generated [1, 58].

Table 4. Density of CCA Replaced Specimens at Different Curing Ages (Kg/m3)

Curing age Density at percentage replacement
(days) Control 5% 7.50% 10% 15% 20% 25% | 30%
7 2350 2354 2350 2310 2307 2300 2280 | 2242
28 2350 2350 2337 2301 2305 2270 2267 | 2241
56 2323 2334 2336 2288 2284 2263 2259 | 2236
91 2366 2333 2330 2286 2278 2260 2253 | 2236
220 Volume 4, Number 4, December 2016




Fig. 3. Density of CCA Replaced Specimens at Different Curing Ages (Kg/m3)

4.5. Workability

Table 5 and Fig. 4 show the slumps of CCA replaced mixes at different replacement levels. Workability
was observed to increase with increased replacement. This was not consistent with the findings of
Adesanya and Raheem [40], Olafusi and Olutoge [37] and Udoeyo and Abubakar [41] who reported a
decrease in workability with an increase in CCA replacement. However, the results were consistent with the
behaviour of other established SCMs such as PFA and matakaolin which have been reported to improve the
workability of fresh concrete due to their lower densities which increase the volume of mixes, prevent block
formation of cement particles, and by the filler effect of their fine particles between aggregates and cement
grains, reduce friction between particles and facilitates a better flow of concrete [1, 59]. This improved
workability highlights the possibility of using less water in CCA replaced concrete to optimise on strength in
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Table 5. Slump of CCA replaced concrete
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Fig. 4 . Workability of CCA replaced mixes
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4.6. Sulfate Resistance

Tables 6, 7 and 8, and Figs. 5, 6 and 7 show elongation of specimens in the Na;S04, MgS04 and the mixed
sulphate solutions. The elongation of CCA specimens was lower than that of the control specimens in the
NaS04 solution, but higher in the MgS0O. and mixed sulphate solutions at 9 months, consistent with the
works of Moon et al and Cao [25, 60] who reported lower expansions in the Na;SO4 solution for silica fume
(SF) replaced specimens. According to literature, Pozzolanic reactions from SCMs help in resisting sulfate
attack as they refine pores, dilute C3A and remove Ca(OH): by converting it into a cementitious material,
thereby reducing the quantities of gypsum formed [1, 12, 33, 51]. In contrast with cement hydration,
Ca(OH)2 does not precipitate on the cement grain, but in the void space between the grains of SCMs [1].
Increased C-S-H content that results from pozzolanic reactions, consuming and reducing the amount of
Ca(OH)2 and aluminate hydrate (CaAl;04), and the filler effect of unreacted pozzolans can explain the ability
of SCM concretes to resist NaSO4attack [12, 25, 28, 61]. Although according to literature MgS04 attack is
not characterised by expansion [25, 26], some expansion was recorded for both the MgSO4 and the
combined sulfate solution, which could be attributed to the lower alkalinity that is associated with the
formation of brucite in the cement matrix [25, 26],

Table 6. Elongation of CCA Supplemented Specimens in the Sodium Sulfate Solution

8 9
Specimens | Week1 | Week2 | Week3 | Week4 | Week 8 | 4 months | months | months
Control 0.000 0.003 0.012 0.016 0.037 0.053 0.075 0.094
7.5% CCA 0.000 0.003 0.003 0.013 0.025 0.028 0.062 0.088

Elongation of CCA replaced specimens immersed in a sodium
sulfate solution

0.000

§ 0.100

)

& 0.080

§

< 0.060

% 0.040

(4]

E 0020 Control
5]

=t === CCA
[5]

=W

Immerssion age

Fig. 5. Elongation of CCA supplemented specimens in the sodium sulfate solution

Table 7. Elongation of CCA supplemented specimens in the magnesium sulfate solution
4 8 9
Specimen | Week1l | Week2 | Week3 | Week4 | Week8 | months | months | months

Control 0.000 0.000 0.016 0.016 0.016 0.019 0.019 0.022

7.5% CCA 0.000 0.006 0.006 0.009 0.009 0.014 0.019 0.044
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Elongation of CCA replaced specimens immersed in a
magnesium sulfate solution
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Fig. 6. Elongation of CCA supplemented specimens in the magnesium sulfate solution

Table 8. Elongation of CCA Supplemented Specimens in the Mixed Solution of Magnesium and Sodium
Sulfate Solution

4 8 9
Specimens | Week1 | Week2 | Week3 | Week4 | Week8 | months | months | months
Control 0.000 0.000 0.000 0.000 0.025 0.062 0.066 0.075
7.5% CCA 0.000 0.000 0.000 0.000 0.012 0.028 0.038 0.053

Elongation of CCA specimens immersed in a mixed solution
of magnesium and sodium sulfate

0.080
0.070
0.060
0.050
0.040
0.030
0.020
0.010
0.000

Control

Percentage elongation

Immersion age

Fig. 7. Elongation of CCA supplemented specimens in the mixed solution of magnesium and sodium sulfate
solution

5.7. Strength Deterioration
Table 9. Strength deterioration Factor (SDF) of CCA specimens in Na,SO,, MgO,4 and mixed sulfate

solutions
Sodium
sulphate Magnesium sulphate Sodium and magnesium
Specimens solution solution sulphate solution
Control 8.6 17.6 26.9
CCA 4.9 18.6 19.7
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SDF of CCA supplemented concrete specimens
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Fig. 8. Strength deterioration Factor (SDF) of CCA specimens in Na;S04, MgS04 and mixed sulfate solutions

Table 9 and Fig. 8 show the percentage strength deterioration factors (SDFs) of specimens inserted in solutions
of Na,S0,4; MgS0, and mixed sulfate solutions. The SDFs of CCA replaced specimens were 4.9, 18.6 and 19.7
while those of the control specimens were 8.6, 17.6 and 26.9 for the Na,SO,4, MgS0O, and mixed sulfate solutions
respectively. The results show that CCA added an advantage to the specimens immersed in the Na,SO, and
mixed sulfate solutions. However, CCA’s performance was lower than that of the control specimens in the MgS0O,
solution. The results were consistent with literature, that MgS0O, attack is manifested and evaluated through the
loss of strength of concrete, and is more pronounced in pozzolanic concretes [26, 51]. The reaction between
MgSO, and Ca(OH), produces the insoluble brucite, which blocks the capillary pores, forming a sulphate
impermeable layer, an explanation as to why the control concrete performed better in the magnesium sulfate
solution [26, 51]. However, since SCMs contain less Ca(OH), and more C-S-H, MgSO, readily reacts with the
secondary C-S-H gel to form magnesium silicate hydrate (M-S-H) gel, which in turn allows the easy diffusion of
sulfate ions into the concrete matrix [1, 26, 51]. The results were also consistent with those of Moon, et al. [51],
who observed a lower SDF on SF specimens in the Na,SO, solution compared to those of the control, while for
specimens immersed in solutions with MgSQ,, the SDF of SF specimens were higher than those of the control
specimens. For Moon, et al. [51], the SDFs of all specimens were higher for the combined sulfate solution,
compared with individual sulphate solutions, with SF specimens showing higher SDFs than those of the control
specimens. However, CCA replaced specimens showed a lower SDF than the control specimens in the mixed
sulfate solutions, even though the SDF was higher for both types of specimens compared to those immersed in
individual sulfate solutions. The results were also consistent with literature that the predominance of the more
aggressive MgS0O, attack over Na,SO, attack is spelled in the mixed sulfate solution [33, 51, 61]. It can therefore
be concluded that the low CaO levels and the low ratio of SO3/Al,O; according to Tishmack, et al. [35],

contributed to the higher sulfate resistance of CCA in the Na,SO, and mixed sulfate solutions.

4.8. Surface Deterioration

Visual observations showed more deterioration to the surface of specimens for both solutions that contained
magnesium sulfate, consistent with Shetty [33], Moon, et al. [51], Baghabra, et al. [61], that the attack from

MgSO, is more severe than that from Na,SO,4. The presence of gypsum and bruicite confirmed by Moon, et al.
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[51] from specimens immersed in MgSO, solution was considered by the authors as the cause of deterioration to
the surface.
From the evidence obtained by this research, it can be concluded that CCA replacement could be used with an

advantage over 100% cement in sodium sulfate and mixed sulfate environments.

4.9. Sustainability Implications of Using CCA

From this study, it can be concluded that CCA can be used with replacements of up to 15% to achieve
strengths above class C32/40, which is among strength classes that are specified by BSI [54] and [55] use in
structural concrete. From the trend of compressive strength gain seen on fig. 1, it is possible to predict that all
replacements could achieve strengths that are far above this class after 91 days. Energy efficiency can be
achieved by reducing on the amount of clinker and utilising CCA as a SCM, because it requires less process
heating and emits fewer levels of CO, compared to cement clinker during incineration [14]. CCA, like other
agricultural waste products creates environmental hazards when dumped in landfill [1]. Its utilisation in the
construction industry can reduce on the overall cost of construction, mitigate on the technical and
environmental nuisance associated with the production of cement, reduce solid waste, and conserve existing
natural resources, thereby enhancing sustainability as well as improving the properties of fresh and hardened
concrete [1, 20, 21].

5. Conclusion

This study investigated the suitability of corncob ash as a supplementary cementitious material. Chemical
analysis showed that CCA contained at least 25% of SiO, by mass as required by [45]. It is possible that the oxide
composition of CCA could have been improved by using controlled incineration as opposed to uncontrolled
incineration. The compressive and tensile strengths and sulfate resistance tests showed good repeatability, with
strengths capable of structural applications being observed over replacements of up to 20% at 91 days. These
results show that CCA can be used as a supplementary cementitious material to mitigate on the cost of cement

and its impacts on the environment, thereby enhancing the sustainability of cement
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