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ARTICLE INFO: ABSTRACT

Keyword: In this work, coconut shells and corncobs were effectively utilized to
Briquette, produce briquettes. The combustion performances of both briquettes with
Binder, different binders were investigated as fuel. The briquettes were
Combpstion, characterized and a water boiling test was carried out. The study revealed
gjgl)rlﬁc value, that corncob briquettes took a longer time to boil the same quantity of water

Biomass compared to coconut shell briquettes. Coconut shell briquette produces
more quantity of heat than the corncobs briquette. In addition, corncobs
briquettes have a higher percentage of ash content than coconut shell
briquettes. The volatile matter of Corncobs is 19.30% and 13.33% with
starch and Gum Arabic respectively, while for coconut shell is 16.49% and
7.74% with starch and Gum Arabic. Corncobs briquettes have a higher
moisture content of 24.24% and coconut shell briquettes has 14.02%
whereas the briquettes produced from coconut shell with Gum Arabic has
a higher colorific value of 24.04 Kcal/kg. The resistance to water
penetration of each of the samples shows that briquettes made with coconut
shells have more water penetration resistance with both binders than
corncobs briquettes. The higher calorific value of 24.04 Kcal/kg of coconut
shell with Gum Arabic implies that the energy in coconut shell particles
was greater when compared to corncobs. Hence, it is more preferable to
use coconut shell briquettes as solid fuel than corncobs briquettes due to
the lower rate of combustion compared to corncobs briquettes.
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INTRODUCTION

The use of wood is increasing on daily basis
especially in less technologically developed
countries of the world (Agarry et al., 2013). Heavy
reliance on wood for domestic cooking would not
solve the present energy crisis; rather it would lead
to deforestation or desertification resulting in
further scarcity of this resource (Babagana et al.,
2012). The use of kerosene and gas for cooking
and domestic heating is very expensive and hence
not economically viable for low income earner. In
Nigeria a country that is so much endowed with
many natural resources, there is problem of energy
scarcity (Adekoya, 2015). Agricultural biomass
residues have the potential for the sustainable
production of bio-fuels and to offset greenhouse
gas emission (Bhattacharya and Salam, 2002).

Corncobs and Coconut shells are examples of
biomass wastes and are readily available in
Nigeria. Their utilization, especially in rural
communities, is direct fuel, while their disposal is
by open burning or being dumped and left to rot on
farmlands. Generally, biomass displays poor
energy characteristics when used in its natural
state (Demirbas ef al., 2004). They also show low
bulk densities due to their porous structure which
makes processing, shipping, storage
combustion difficult. The disposal method 1is
inefficient and leads to environmental pollution
and degradation. Biomass must be converted into
high-energy resource to be

and

a ready-to-use,
considered a viable fuel (Muazu and Stegemann,
2015). The production of briquettes from biomass
is an alternative fuel source that can be utilized for
space heating and power generation (Chaney et al.,
2009; Chaney et al., 2010; Bintu et al., 2014).
Briquettes produced from biomass are high heat
intensity, easy to store, environmentally friendly
and mostly immortally low combustion rate
(Bhattacharya et al,, 2002). Therefore, the
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objectives of this work are to Produce and
characterize biomass briquettes from corncobs and
shells using different binders and
ascertain their combustion performance.

coconut

METHODOLOGY
Sample Collection and Preparation

Corncobs were collected from the processing sites
at a corn mill, Bama market Maiduguri —Nigeria,
while coconut shells were from the commercial
market University of Maiduguri. Cassava Starch
and Arabic gum were used as binding agents. The
biomass was sorted, impurities were removed, and
sun-dried for 3 days before hammer-milled and
sieved to uniform size. The residues are well sun-
dried to the lowest moisture content and
carbonized.

Briquettes Production

The binders are measured in a ratio of 2:8
regarding the biomass. The binders were soaked in
water to dilute for 2 hours. The binder and the
biomass were mixed, in a fixed quantity of 2:8
ratio that is 20g binder and 80g biomass. The
mixed samples were placed in the briquetting
machine and compacted. The dwelling time of 5
minutes was used for each to achieve proper
compaction at 50 kN/m? (Yuliah et al., 2017).
After the compaction, the briquettes were then
divided into two portions, the first portion of the
Briquettes was collected in a tray and Sundried
under the sun for about 1-2 days while the other
portion was dried using an electric dryer to remove
the moisture from the briquette, it is then packed
and sealed for further usage.

Determination of Physical Properties

Moisture content

The moisture content of raw biomass was
determined by calculating the loss in weight of
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material using the hot air oven drying method at a
temperature range of 105 °C to 110 °C for one hour

w2-w3
w2-wi

Moisture content (% Wh) =

Volatile matter

The dried sample left in the crucible was covered
with a lid and placed in an electric furnace,
maintained at about 925 + 20 °C for 7 minutes. The

w2-w3
wa2-wi

Volatile matter (% ) = x 100

Ash content

The residual sample in the crucible was heated
without a lid in a furnace at 700 + 50 °C for one-
half hour. The crucible was then taken out, cooled

w4-w1i
wa2-wi

Ash content (% ) = x 100

Shatter indices

Shatter indices was used for determining the
hardness of briquettes. The briquette with known
weight and length was dropped on RCC floor and
concrete floor from the height of one meter. The

w5-we

Percent weight loss (% ) =

%Shatter resistance = 100 - % weight loss

Resistance to water penetration

x 100

X 100
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and up to constant weight loss. (Mardoyan and
Braun, 2015).

crucible was cooled first in the air, then inside a
desiccator and weighed again. Loss in weight was
reported as a volatile matter on a percentage basis.

2

first in air, then in desiccators and weighed.
Heating, cooling and weighing were repeated, till
a constant weight was obtained. The residue was
reported as ash on a percentage basis (ASTM,
2009).

3
weight of disintegrated briquette and its size was
noted down. The percent loss of material was
calculated.
The shatter resistance of the briquettes was

calculated by using (Ghorpade, 2006):

It is measured of the percentage of water absorbed by a briquette when immersed in water. Each briquette
was immersed in 50 cl of water at 27°C for 30 seconds. The percent water gain was then calculated and

recorded by using:

% Water gained by briquette =

% Resistance to water penetration = 100 - % water gain

ws8-w7

X 100
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Where:

Wi = weight of crucible, g; W> = weight of
crucible + sample, g; W3 = weight of crucible +
sample, after heating, g; W4 = weight of the
crucible + ash, g; Ws = Weight of briquette before
shattering; W Weight of briquette after
shattering; W7 = Initial weight of briquette; Wg =
Final weight of briquette.

Water boiling test

This test measures the time it takes a given
quantity of fuel to heat a given quantity of water to
its boiling point. The fuels that is the corncobs and
the coconut shells briquettes were measured and
then stacked into a briquette burning stove and
ignited to test the water boiling rate as reported by
Mbamala (2019).

Determination of calorific value

Calorific value is one of the most important
characteristics of a fuel. This is the measurement
of the heat or energy released by a fuel during the
complete combustion and expressed mostly as
kcal’kg (Islam et al., 2014). Lecco AC-350
Oxygen Bomb Calorimeter interfaced with a
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microcomputer was used to assess the heat values
of the produced briquettes.

RESULTS AND DISCUSSION

Table 1 shows proximate analysis of both corncob
and coconutshell with binders (starch and gum
Arabic). The volatile matter of each of the samples
shows that corncobs and starch have 19.30% and
gum Arabic 13.33% while coconut shell and starch
have 16.49% and gum Arabic 7.74%, High volatile
matter content in corncob with starch is an
indication of the readiness of fuel samples to
ignite. In terms of quality of the briquette, the high
volatile matter implied that the briquette would
readily ignite with a high proportionate flame
during combustion (Koppejan and Van, 2012).
The ash content of corncobs with starch and Gum
Arabic are 30.39% and 27.64% while coconutshell
with starch and Gum Arabic showed 25.79% and
26.59% respectively. In addition, coconutshell
reveals a lower moisture content with different
binders compared to corncobs. And as for the
binders it is noticed that briquettes with starch
binder produces less ash content than the other
binder (Ajimotokan et al., 2019)

Table 1: Proximate analysis of corncob and Coconutshell

Sample Binder Volatile Ash Content Percentage
Matter (%) (%) moisture (%)
Starch 19.30 30.39 25.87
Corncobs
Gum Arabic 13.33 27.64 24.24
Starch 16.49 25.79 17.58
Coconut shell
Gum Arabic 7.74 26.59 14.02
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The water boiling test of both coconut shell and
corncob briquettes with the binders at different
times are presented in Table 2. The corncobs
briquette with starch binder attained a temperature
of 45 °C and 44 °C with Gum Arabic in 2 minutes
respectively from an initial temperature of 25 °C at
0 minutes. This can be attributed to the fact that
starch contains less viscosity than Arabic gum,
thus, burns faster than the Arabic gum (Aransiola
et al., 2019). Thereafter, the temperature continues
to rise until the water boils at 12 minutes, this
shows that it takes corncobs briquette 12 minutes
to boil 1 litre of water. For the coconut shell
briquettes, it also attained a temperature of 54 °C
in 2 minutes for starch binder and 50 °C for gum
Arabic respectively, showing that it takes coconut
shell briquette 10 minutes to boil 1 litre of water.

The Shatter indices were evaluated to determine
the hardness of briquettes. The briquette with
known weight and length was dropped on the RCC
floor and concrete floor from the height of one
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meter (Tembe et al., 2014). While the resistance to
water penetration is a measure of the percentage of
water absorbed by a briquette when immersed in
water. Each briquette was immersed in 25 mL of
water at 27°C for 30 seconds. Table 3 shows the
shatter indices and percentage of water penetration
for both briquettes. The corncobs briquettes have
to shatter indices of 66.49% with gum Arabic and
92.01% with starch while coconut shell with starch
has 74.08% with gum Arabic and 87.21% with
starch respectively, showing that the coconut shell
briquettes have higher shatter resistance than the
corncobs briquettes. Furthermore, High water
resistance is a desirable quality that enables
briquettes to remain impermeable to water for a
long period before losing their shape (Jitthep and
Akarawit, 2013). The
penetration of each of the samples shows that

resistance to water

briquette with coconut shell has more water
penetration resistance with both binders than
corncobs briquette.

Table 2: Water Boiling Test for Corncobs and Coconut Shell

Temperature (° C)

Temperature (° C)

Time (min) Corncob Coconut) Shell
Starch Gum Arabic Starch Gum Arabic

0 25 25 25 25

2 45 44 54 50

4 55 53 67 60

6 70 67 80 77

8 82 80 39 90

10 95 91 100 100

12 100 100 - -
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Table 3: Resistance to Water Penetration and Shatter Indices

Resistance to

Briquettes Binder water penetration Shatter indices
(%)
Starch 55.68 66.49
Comneobs Gum Arabic 67.31 92.01
Starch 90.92 74.80
Coconutshell
Gum Arabic 91.32 87.21

Table 4 shows the heat capacity and Calorific value of the briquettes. The colorific value was determined
using a bomb calorimeter. Calorific value is one of the most important characteristics of a fuel which
measures the heat or energy released during complete combustion. The result reveals a heat capacity of
0.31 kJ/K and 0.32kJ/K for corncobs with starch and gum Arabic while coconut shell briquettes have
0.98kJ/K and 1.11kJ/K for starch and gum Arabic respectively. The higher calorific value of coconut shell
with Gum Arabic implies that the energy in coconut shell particles was higher when compared to corncob,

hence, better combustion characteristics (Ilochi, 2010).

Table 4: Heat capacity and Calorific value

Heat it i
Briquettes Binder cat Capacity Calorific value
(kJ/K) (Kcal/kg)
Starch 0.31 24.22-25.60
Corncobs
Gum Arabic 0.32 23.59-25.59
Starch 0.98 23.94-25.74
Coconutshell
Gum Arabic 1.11 24.04-25.99
CONCLUSION

The comparative study between the performance
of Corncobs and Coconut shell briquettes as solid
fuel as well as the effect of binder was
investigated. Coconut shell reveals a lower
moisture content with both binders compared to
corncob. And as for the binders, it is noticed that
briquettes with starch binder produce less ash
content than the other binder. In addition, coconut
shell briquette took 10 minutes to boil 1 litre of
water, this is because the coconut shell briquette is
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more well compacted and burns at a constant rate
than the corncobs briquette. The resistance to
water penetration of each of the samples shows
that briquette with coconut shell has more water
penetration resistance than corncobs. Briquette
with starch as a binder has the least water
penetration resistance compared to gum Arabic.
Therefore, it is seen that in terms of the time factor,
coconut shell briquette is better compared to
corncobs briquette and also, the rate at which
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coconut shell briquette is consumed by the flame
produced is slower compared to that of corncobs
briquette. It is also noticed that briquettes with
gum Arabic as binder appeared to be stronger than
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