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Abstract: This paper investigates the potentials of replacing cement with Locust beans pod ash (LBPA) and Eggshell ash
(ESA) on the setting time properties of cement blends such as consistency and initial and final setting times. It also covers a
comparative analysis on consistency and setting time results of the cement blends and control. The consistency and setting times
of control and twenty-eight (28) cement blends were conducted via Vicat apparatus and Toniest machine respectively according
to ASTM standards. The locust bean pod and eggshell powder were calcined at 850°C and 500°C for 1 hour respectively to
obtain the LBPA and ESA. Results indicated a variation in the water consistencies of cement blended with either/both ashes at
various LBPA/LBPA-ESA ratios as cement replacement was increased from 0-10 wt.%. The increase in the water consistencies
could be attributed to the diminution of C;S in cement, the unburnt carbon present in the ashes coupled with the porous nature of
LBPA and narrower particle size distributions of the cement blends. Whereas, the decrease in the water consistency could be
linked with wider particle size distribution. The initial setting times of LBPA cement blends experienced a series of retardations
and acceleration while the final setting time experienced a series of accelerations and elongations as the cement replacement was
increased. On the other hand, as the cement replacement level was increased, the initial and final setting time of ESA cement
blends experienced a retardation followed by accelerations and a series of accelerations and retardations respectively. Similarly,
the replacement of ESA with LBPA at various cement replacement led to a variation in both setting times (series of accelerations
and retardations) of cement blends. The retardation in the setting times could be linked to the diminution of clinker content or
formation of magnesium hydroxide Mg(OH),, the presence of unburnt carbon in ashes and narrower particle size distribution of
the cement blends while the acceleration of the setting times are related to interaction between tricalcium aluminate and
limestone to favor ettringite at the expense of monosulfate and a wider particle size distribution of the cement blends. Most of the
setting time results for cement blends except 7.5 and 10 wt.% LBPA cement blends were higher than control and all the cement
blends were found to fall within standards for various applications.
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many societies and one way of addressing it, is through the use
of biomass such as ESA and LBPA which could be employed
as a cement partial replacement material to evaluate their
potentials of influencing the setting times and water
requirement. Thus, owing to the large disposal of eggshells
and locust bean pods has prompted the need convert waste to
wealth. The setting time is influenced by several factors such

1. Introduction

One of the factors militating against affordable housing in
Nigeria is the high cost of cement and the problem of
accommodation and inadequate housing is fast becoming a
major concern since it is man’s basic need [1]. Researches
indicate that majority of Nigerian housing units are

constructed with concrete in which cement is an essential
constituent. Disposal issues are general menace faced by

as cement composition, water cementitious material ratio,
temperature and supplementary cementitious material [2].
Setting time refers to the degree of stiffness of cement mixture
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to resist penetration of weighted test needle. The significance
of the setting time characteristics of cement blends can assist
in scheduling the various operations such as transporting,
placing and compacting [3]. Setting time is one of the methods
employed in determining the quality of cement and its initial
and final setting time can be achieved via either a Vicat
apparatus or Toniest machine. This setting time determines the
rate of hydration of cement samples and can be either
accelerated or retarded by the inclusion of supplementary
cementitious materials SCMs. Ashes from calcined
agricultural wastes such as rice husk ash, coal bottom ash, fly
ash, groundnut shell ash, eggshell ash and other biomasses are
mostly rich in amorphous silica. The inclusion of these
biomasses is evident when concrete or mortar are being
transported long distances to where they are to be employed
for various construction works.

The locust bean pods are waste obtained from the African
locust bean tree “Parkiabiglobosa” which is a perennial
legume tree and grows in the savannah zone of West Africa [4,
5] with the pulp separated from the pod and burnt to obtain
LBPA. Numerous researchers have employed several
materials as substitute for cement such as palm oil husk ash
(POHA), pulverized fly ash (PFA) [6], rice husk ash (RHA)
[7], coconut husk ash (CHA) [8], eggshell powder ash [9, 10],
locust bean pod ash [10] and etc. with various successes.
Akpenpuun et al. [11] investigated the effect of replacing
LBPA on the setting times and observed that as the LBPA
content increased up to 30%, the initial and final setting time
experienced a retardation by 66.8% and 39.7% respectively.
The concrete mix workability diminished as the LBPA content
was increased. The enhanced compressive strength of 15%
LBPA cement blend agreed with results from SEM, EDS and
XRD which indicated a pronounced presence of CSH gel
compared to other samples. They suggested that the
crystalline or amorphous nature of the LBPA influenced the
setting time which was dependent on the process conditions
for obtaining the ash.

Fazeera et al. [9] carried out a feasibility on potentials of
ESA on the setting time of several cement blends between
0-2.5% at interval of 0.5% and results indicated an
acceleration in the setting time of ESA cement compared to
control while the percentage rate of reduction of the setting
time increase simultaneously. According to Kumar et al. [12],
the workability of the mix with ESA obtained by burning
eggshells at 800°C was observed to diminish as the ESA
content was increased from 0-40 wt.% at interval of 5 wt.%
due to water absorption effect of the ESA as the water
consistency increased from 0.40-0.80. Balamurugan et al. [13]
investigated the use of ESA obtained from burning at 500°C
on the properties of cement and observed that the initial and
final setting time of cement blended with ESA experienced an
acceleration by 60.61% and 48.77% as the ESA content was
increased between 1-5%. Cement blended with ESA from 0 —
2.5% sets faster than cement paste (decrease the setting time)
according to Mtallib and Rabiu [14]. Most research works
indicated that the setting times of LBPA and ESA cement
blends satisfied the requirement of less than 45 minutes and
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not greater than 10 hrs [15]. This work tries to investigates the
effect of replacing eggshell ash with locust bean pod ash on
the water consistency and setting time of various cement
blends at various cement replacements from 0-10 wt.% at
interval of 2.5 wt.%.

2. Materials and Method
2.1. Materials

Supaset cement CEM II A-L conforms to the NIS 444 [16]
obtained from Ashaka cement Ltd., Gombe state. Eggshells
were collected from chick hatcheries, bakeries and fast food
joints and restaurants. The eggshell ash (ESA) was prepared
by burning fowls’ eggshells at a temperature of 500°C for 1
hour to obtain a complete ash while locust bean pods (LBP)
were collected from Badabdi community, Gombe state,
Nigeria. The distilled water was employed for mortar
preparation and a well quantifiable amount for paste
preparation. Water was needed for the hydration reaction of
cement and also to make it workable during mixing. Table 1
indicates the chemical composition of OPC, LBPA and ESA.

2.2. Procedure

The locust bean pods were dried under the sun for a period
of three days, crushed to about 0.5mm size using the jaw
crusher and then burnt locally using charcoal burner though
the pod was not allowed to make contact with the charcoal.
Ten grams (10g) of the initially burnt locust bean sample was
weighed and then placed in an electric furnace and calcined at
800°C, 850°C & 900°C for 1 hour & 2 hours respectively to
obtain the optimum temperature and time. Eggshells were also
obtained from bakeries, sorted, sun dried and ground with a
mortar and pestle. The ground eggshell powder was then
calcined at a temperature of 500°C at 1 hr. The resultant ashes
from the calcination of the locust bean and eggshell powder
were analyzed via a fused bead machine for the oxide analysis
and presented in Table 1 [10]. The LBPA ash content was
purely obtained and the percentage loss was calculated for
each of the heated samples and the optimum condition was
determined at 850°C for 1-hour [10]. Table 2 presents the
chemical composition of the various locust bean pod ash
calcined at 800, 850 and 900°C at 1 and 2 hours respectively.
The consistency test was carried out in accordance with IS
4031 [17] using the Vicat apparatus with plunger as shown in
Figure 2 (a). The test permits the Vicat plunger with length of
about 40 to 50 mm to penetrate to a point 5-7 mm from the
bottom of the Vicat mould. Cement paste of standard
consistence has a specified resistance to penetration by
standard plunger and the water required for such a paste is
determined by trial penetrations of pastes with different water
contents.

The initial and final setting time of the various cement
blends were determined using the automatic Vicat (Toniest)
machine with steel needle in accordance with BS 4550 [18] or
IS 4031 [19] as shown in Figure 2 (b). The setting time was
determined by observing the penetration of needle into cement
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paste of standard consistence until it reaches a specified value
where the initial and final setting times in minutes were

recorded.

2.3. Experimental Design Mix

The experimental matrix for LBPA-ESA cement blends
with cement replacements between 0-10 wt.% is presented in
Table 2. The water consistency and setting time were
determined comprising of ESA of 2.5, 5, 7.5 and 10 wt.%
which was gradually replaced with LBPA for different mixes.

Table 1. Chemical composition of Portland Cement, LBPA and ESA.

Oxides OPC wt.% LBPA wt.% ESA wt.%
SiO, 23.87 9.48 0.19
AlLO; 7.87 2.00 0.54
Fe,0; 3.94 18.94 0.34
CaO 57.34 19.42 49.58
MgO 1.76 5.95 0.82
SO; 1.05 0.70 0.51
K>,O 0.00 27.54 0.40
Na,O 0.36 0.44 -

P,0s - 7.71 -
Ml’l203 = 029 =

TiO, - 0.15 -

Cl - 0.02 -
Cr,03 - 0.04 -

SrO - 0.14 -

LOI 3.81 7.19 47.62
Sum of Conc. 100.00 100.00 100.00

(a)

Figure 1. Locust bean pod ash and Eggshell ash.

(a)

(b)

(b)

Figure 2. Vicat apparatus and Toniest machine.

Table 2. Experimental Matrix for control & cement blended with LBPA & ESA.

105

S/No Cement Blends LBPA/ LBPA-ESP ratio ESA (g) LBPA (g) OPC (g)
1 100 PC -0 ESA- 0 LBPA 0 0 0 500
2 97.5 PC-2.5ESA-0 LBPA 0 12.5 0 487.5
3 97.5 PC-2 ESA-0.5 LBPA 0.2 10 2.5 487.5
4 97.5 PC-1.5 ESA-1 LBPA 0.4 7.5 5 487.5
5 97.5 PC-1.25 ESA-1.25 LBPA 0.5 6.25 6.25 487.5
6 97.5 PC-1 ESA-1.5 LBPA 0.6 5 7.5 487.5
7 97.5 PC-0.5 ESA-2 LBPA 0.8 2.5 10 487.5
8 97.5 PC -0 ESA-2.5 LBPA 1.0 0 12.5 487.5
9 95 PC-5 ESA—- 0 LBPA 0 25 0 475
10 95 PC-4 ESA-1 LBPA 0.2 20 5 475
11 95 PC-3 ESA-2 LBPA 0.4 15 10 475
12 95 PC-2.5 ESA-2.5 LBPA 0.5 12.5 12.5 475
13 95 PC-2 ESA -3 LBPA 0.6 10 15 475
14 95 PC-1 ESA-4 LBPA 0.8 5 20 475
15 95 PC- 0 ESA-5 LBPA 1.0 0 25 475
16 92.5 PC-7.5 ESA- 0 LBPA 0 37.5 0 462.5
17 92.5 PC- 6 ESA- 1.5 LBPA 0.2 30 7.5 462.5
18 92.5 PC-4.5 ESA- 3 LBPA 0.4 22.5 15 462.5
19 92.5 PC-3.75 ESA-3.75 LBPA 0.5 18.75 18.75 462.5
20 92.5 PC-3 ESA-4.5 LBPA 0.6 15 22.5 462.5
21 92.5 PC-1.5 ESA-6 LBPA 0.8 7.5 30 462.5
22 92.5 PC-0 ESA- 7.5 LBPA 1.0 0 37.5 462.5
23 90 PC- 10 ESA- 0 LBPA 0 50 0 450
24 90 PC- 8 ESA-2 LBPA 0.2 40 10 450
25 90 PC- 6 ESA-4 LBPA 0.4 30 20 450
26 90 PC-5 ESA-5 LBPA 0.5 25 25 450
27 90 PC-4 ESA-6 LBPA 0.6 20 30 450
28 90 PC-2 ESA- 8 LBPA 0.8 10 40 450
29 90 PC— 0 ESA-10 LBPA 1.0 0 50 450
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3. Results and Discussion
3.1. Chemical Composition of the Starting Materials

The chemical composition of OPC, LBPA and ESA were
tabulated in Table 1 were obtained via X-ray Fluorescence
Spectrometer and results revealed that CEM IT A — L 42.5 N
had a percentage of reactive silicates content of 23.87 wt.%
while LBPA compositional analysis indicates that it belongs to
a class of pozzolanic materials which satisfy most
requirements specified by ASTM C618 [20] such as SO;
content of 0.7 wt.% which should be less than the maximum of
5 wt.% and LOI of 7.12 wt.%, except that it has a SiO, + Al,O3

Setting Times of Portland Cement Blended with Locust Bean Pod and Eggshell Ashes

+ Fe,03 which is less than 50 wt.% with a CaO content of
19.42 wt.% which is within the range of 10-30 wt.% CaO thus,
Class C pozzolan. Ikumapayi. [21] obtained a lower SiO,+
AlO5+Fe,05 content of 25 wt.% for LBPA compared with
Olubajo et al. [10]. The calcined eggshell (ESA) reveals a high
amount of CaO of 49.58 wt.% (CaCO; 88.49 wt.%) together
with minute quantities of SiO,, Al,Os, Fe,0;, MgO, SO;, K,O
and Na,O below 1 wt.% and a LOI of 47.62 wt.%. Table 3
presents some determined physical properties of the cement
CEM II A-L 42.5N while the consistency and setting times of
the control specimen and 28 cement blends at various
compositions were determined and presented in Table 4.

Table 3. Physical properties of control sample (CEM I A-L 42.5N).

Properties

Setting time (mins) Initial setting time 117
Water consistency (%) 29
Curing age 2 days
Compressive Strength (N/mm?) 23.84
Flexural Strength (N/mm?) 4.46

Final setting time 186

7 days 28 days
38.99 48.18
6.13 6.80

Table 4. Setting times and consistency results of various cement blends.

S/No  Cement Blends LBPA/ LBPA-ESP ratio  Initial/ Final setting time Mins Water demand mm  Water consistency %
1 100 PC - 0 ESA—- 0 LBPA 0 117/186 145 29.00
2 97.5 PC-2.5ESA-0 LBPA 0 140/180 146 29.20
3 97.5 PC-2 ESA-0.5 LBPA 0.2 134/175 149 29.80
4 97.5 PC-1.5 ESA-1 LBPA 0.4 151/178 148 29.60
5 97.5PC-1.25 ESA-1.25 LBPA 0.5 190/220 152 30.40
6 97.5 PC-1 ESA-1.5 LBPA 0.6 168/202 169 33.80
7 97.5 PC-0.5 ESA—-2 LBPA 0.8 120/152 146 29.20
8 97.5 PC — 0 ESA-2.5 LBPA 1.0 121/171 152 30.40
9 95 PC-5 ESA-0 LBPA 0 231/285 161 32.20
10 95 PC-4 ESA-1 LBPA 0.2 224/253 157 31.40
11 95 PC-3 ESA-2 LBPA 0.4 85/186 148 29.60
12 95 PC-2.5 ESA-2.5 LBPA 0.5 327/386 146 29.20
13 95 PC-2 ESA -3 LBPA 0.6 164/218 155 31.00
14 95 PC-1 ESA-4 LBPA 0.8 110/134 154 30.80
15 95 PC- 0 ESA-5 LBPA 1.0 77/300 152 30.40
16 92.5 PC-7.5 ESA- 0 LBPA 0 192/251 161 32.20
17 92.5 PC- 6 ESA- 1.5 LBPA 0.2 120/158 162 32.40
18 92.5 PC-4.5 ESA- 3 LBPA 0.4 121/171 153 30.60
19 92.5 PC-3.75 ESA-3.75 LBPA 0.5 247/333 159 31.72
20 92.5 PC-3 ESA-4.5 LBPA 0.6 179/201 159 31.78
21 92.5 PC-1.5 ESA-6 LBPA 0.8 117/186 162 32.40
22 92.5 PC-0 ESA- 7.5 LBPA 1.0 148/191 158 31.60
23 90 PC- 10 ESA- 0 LBPA 0 156/191 155 31.00
24 90 PC- 8 ESA-2 LBPA 0.2 124/158 158 31.60
25 90 PC- 6 ESA-4 LBPA 0.4 120/158 162 32.40
26 90 PC-5 ESA-5 LBPA 0.5 179/201 151 30.20
27 90 PC-4 ESA-6 LBPA 0.6 132/152 153 30.60
28 90 PC-2 ESA- 8 LBPA 0.8 124/175 155 31.00
29 90 PC- 0 ESA-10 LBPA 1.0 114/212 156 31.20

3.2. Effect of Cement Replacement on the Water Consistency
of LBPA and ESA Cement Blends

Figure 3 illustrates the effect of cement replacement on the
water consistencies of cement blended with ESA and LBPA

respectively between 0-10 wt.% at interval of 2.5 wt.%. An
increase in water consistencies of cement blended with LBPA
and ESA were experienced as the cement replacement levels
were increased. The water consistencies of binary blends were
higher than the control ranging between 29.2 — 32.2% as
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against 29.0% (11.03%). A similar increase in the consistency
of LBPA cement blend by 16.67% was observed by lorshagher
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Figure 3. Variation of cement replacement on the consistency of binary cement blends.

This increase could either be attributed to the presence of
unburnt carbon evident by the high LOI of their ashes or
diminution of the C;S in cement. Another reason is due to a
narrower particle size distribution by the inclusion of the ashes
resulting in increased consistencies. Sprung and Siebel [22] and
Detwiler [31] indicated that the particle size distribution can
considerably influence the water demand of cement blends.

Figure 4 illustrates the effect of replacing ESA with LBPA at
LBPA/LBPA-ESA ratio from 0-1.0 at different cement
replacements from 0 — 10 wt.% at intervals of 2.5 wt.%. It could
be seen that at 2.5 wt.% cement replacement as the ESA content
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was gradually replaced with LBPA, the water consistency of
various cement blends increased in comparison with control. The
cement blends experienced a variation in the consistency results
as ESA was replaced by LBPA at various LBPA/LBPA-ESA
ratios for cement replacements of 2.5, 5, 7.5 and 10 wt.%. The
increase in the water consistency could be related to the unburnt
carbon and porous nature of the ashes as well as the narrower
particle size distribution of the cement blends resulting in higher
consistency compared to control, while the decrease in the
consistency could be linked with the wide particle size
distribution due to the ashes inclusion at various proportions.
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Figure 4. Variation in ash content on the water consistency of cement blends.

3.3. Effect of Cement Replacement on the Setting Time of
LBPA and ESA Cement Blends

Figure 5 indicates the effect of cement replacement in wt.%

of ESA cement and LBPA cement blends independently from
0-10 wt.% at interval of 2.5 wt.% on the initial setting time of
binary cements. The initial setting time of all ESA cement
blends were found to be higher than those of LBPA cement
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blends for various cement replacements from 0-10 wt.%. All
cement blends experienced a retardation in their setting times
with exception of 5 and 10 wt.% LBPA cement blends
respectively. All ESA cement blends experienced a retardation
in their initial setting time followed by an acceleration as the
ESA content was increased between 0-10 wt.%, while LBPA
cement blends indicated an elongation in their initial setting
time with the exception of cement blends with 5 and 10 wt.%
respectively. Whereas, LBPA cement blends showed a series
of accelerations and retardations in its initial setting times as
cement was gradually replaced with LBPA content from
2.5-10 wt.%. lorshagher et al. [28], Tangchirapat et al. [29]
and Cordeiro et al. [30] observed retardations in both setting
time of LBPA cement blends as LBPA content was increased
and attributed the pattern to low hydration rate owing to LBPA
slow pozzolanic reactivity. The retardations in the setting time
of ESA cement blends and some LBPA cement blends could
be attributed to unburnt carbon present evident by the high
LOI and porous nature of the ashes. Thus, resulting in more
water for consistency resulting in their retardations which is in
agreement with Kaya [23] and Olubajo and Osha [24].

Similarly, the retardation in ESA cement blends in
comparison with control could be attributed to the narrower
particle size distribution caused by its inclusion, thereby
retarding by between 23 and 114 minutes compared to control.
Other reasons include elongation of the setting times of ESA
and LBPA cement blends owing to diminution of clinker
content as a result of cement replacement: the presence of
Mg(OH), which provides a protective covering which in turn
retards the hydration rate of cement blend with LBPA
compared with control [10, 25]. Similarly, the acceleration in
the LBPA cement blends could be due to the available lime
which assist in enhancing hydration rate.

Figure 6 indicated that at 2.5 wt.% cement replacement, the
final setting time of both LBPA and ESA cement blends both
experienced an initial acceleration beyond which any further
increase resulted in a retardation in the final setting time

260

5]
L

195

Initial Setling time mins
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respectively. Fazeera et al. [9] experienced a similar
acceleration (decrease) in the initial and final setting times of
ESA cement blends as the amount of ESA was increased from
0-2 wt.% and concluded that its inclusion accelerated its
setting times could be attributed it to either physically filling
of the pores between the cement particles or chemically due to
the formation of carboaluminate which accelerates the setting
time owing to formation of calcium hydroxide at the early age
resulting from the provision of nuclei sites. Similarly,
according to Olubajo et al. [7] and Bonavetti et al. [26], the
accelerated setting time of the paste could be attributed to the
reaction between tricalcium aluminate (C;A) and lime/
limestone produces carboaluminate (C;A. CaCOj;), which
decreases the rate of ettringite transformation to monosulfate.
Whereas, the elongated setting times experienced could be
tied to the consumption of lime during pozzolanic activity
resulting in the reduction in available free lime which favors
decrease in the rate of carboaluminate formation and ettringite
transformation to monosulfate thus, resulting in an increase in
the setting times [27].

Figures 7 and 8 illustrate the variation in the initial and final
setting time results as ESA was gradually replaced with LBPA
at various cement replacement level. It was observed from
Figure 7, that cement replacement of 2.5 and 7.5 wt.% as ESA
was gradually replaced with LBPA, the initial setting time
experienced a series of accelerations and retardations while
cement replacement of 5 and 10 wt.% experienced a series of
accelerations and an elongation in its initial setting time.
Generally, initially as the ESA was gradually replaced with
LBPA for all replacements, resulted in an acceleration in its
initial setting time followed by a series of retardations. The
initial acceleration experienced could be attributed to the ESA
content due to the formation of monosulfate at the expense of
ettringite which leads to acceleration of the setting times while
the presence of unburnt carbon in the ashes and the narrower
particle size distribution could be responsible for the
retardations [9, 10, 26, 27]

BISTESA

BISTLBPA

156

5

Cement replacement wt.%

Figure 5. Variation in cement replacement on the initial setting time of binary cement blends.
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Figure 8. Replacement of ESA with LBPA content on the Final setting time of cement blends.

Figure 8 showed similar trends as ESA was gradually
replaced with LBPA at various cement replacement level. It
was also observed that all cement replacement indicated a
series of accelerations and retardations as ESA was gradually
replaced with LBPA in its final setting time.

4. Conclusion

The following conclusions were reached from research:
Variations in the water consistencies of binary cements were

experienced as the cement replacement level of the ashes were
increased from 0 — 10 wt.% at various LBPA/LBPA-ESA ratios.
The increase in their water consistencies could be attributed to
the diminution of C;S in cement, the unburnt carbon presence in
the ashes coupled with the porous nature of LBPA and narrower
particle size distributions of the blended cements while a
decrease in their water consistencies could be linked with wider
particle size distribution due to ashes inclusion.

The initial setting time of LBPA cement blends experienced
a series of retardations and accelerations while ESA cement
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blends experienced a retardation followed by several
accelerations as the cement replacement levels were increased
from 0 — 10 wt.%. All ESA cement blends, 2.5 wt.% and 5 wt.%
LBPA cement blends experienced a retardation in their initial
setting times in comparison with control whereas cement
blended with 7.5 and 10 wt.% LBPA underwent accelerations.
The final setting time of ESA cement blend experienced a
series of acceleration and retardations whereas, LBPA
experienced a series of accelerations and retardations as the
cement replacement levels were increased. The wider particle
size distribution compared to control, the unburnt carbon
presence in the ashes, the formation of Mg (OH), coupled with
diminution of the clinker content could be reasons for the
elongation of the setting time of ESA and LBPA cement
blends. The acceleration of the setting time of LBPA cement
blends could be due to the available lime which tends to
accelerate the hydration rate.

As the ESA content was gradually replaced with LBPA at
various cement replacement levels between 0 — 10 wt.%
resulted in a variation in the both initial and final setting times
(series of accelerations and retardations). The retardation in
their setting times could be linked to the diminution of clinker
content or formation of magnesium hydroxide, the presence of
unburnt carbon in ashes while the acceleration of their setting
times could be related to either a narrower particle size
distribution of the cement blends or an interaction between
tricalcium aluminate and limestone to favor ettringite at the
expense of monosulfate.
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