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Abstract

The decreasing availability of fuel wood has made it necessary that efforts towards the efficient utilization
of agricultural wastes as low-cost energy sources. Some of these agricultural wastes include coconut shells,
wood pulp, sawdust, cow dung and groundnut shells. In this study, briquettes were produced using coal
and sawdust in different proportions as designed in RSM, utilizing molasses and cornstarch as binders.
The briquettes produced were analyzed using FTIR, Proximate analysis, calorific value and physical tests
such as ignition time, burning time. The results indicated that the briquettes produced using sawdust
(25wt%) and coal blend (5wt %) with cornstarch (4wt%) as binder had a fixed carbon of 78wt% and
a calorific value of 28.5M]/kg, the briquette ignited at 40s and burned for 18min. While the briquettes
produced using sawdust (25wt%) and coal blend (5wt %) with molasses (4wt%) as binder had a fixed
carbon of 76.75% and a calorific value of 30.5M]/kg, the briquette ignited at 26s and burned for 8min.
This result suggests that cornstarch and molasses are very good binders for briquette production. The
coal blend in sawdust biomass yielded a bio-coal briquette with shorter ignition time, higher combustion
sustaining properties, decreased the generation of dust and soot, and emitted less SO,. The briquettes
obtained in this study are efficient and environmentally friendly
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Introduction

Processing of agricultural produce and clearing of farm land for farming are usually
associated with agricultural waste. Direct burning of waste residues in a conventional manner
is associated with very low thermal efficiency, fuel losses, and widespread air pollution
[1,2]. Researchers have shown that many potential energies are present in these residues.
Hence, there is a need to transform these wastes into forms that do not pose a threat to the
environment. Biomass includes wood, forage, grasses and shrubs, animal waste, and waste
arising from forest, agricultural, municipal and industrial activities, as well as aquatic biomass.
Generally, biomass can be converted into energy either by a thermal or a biological process.
The potential for the use of biomass as an energy source in Nigeria is very high [3]. This
can be explained by the fact that about 80% of Nigerians are rural or semi-urban dwellers,
and they depend solely on biomass for their energy sources. The global use of wood fuel for
cooking and heating has devastating negative health effects, with 2 million deaths annually
from pneumonia, cancer, and chronic lung diseases due to exposure to pollution from biomass
combustion [4]. When firewood is burned inside the home, toxic fumes fill the lungs of
children and threaten the health of the entire family. Thus, it has become necessary that an
alternative source of wood fuel, which is not toxic and environmentally friendly, should be

Annals of Chemical Science Research


http://dx.doi.org/10.31031/ACSR.2026.05.000614
https://crimsonpublishers.com/acsr/index.php

ACSR.000614. 5(3).2026

explored. These wastes provide energy when compressed into high-
density fuel briquettes. A briquette is a block of compressed coal,
biomass, or charcoal dust that is used as fuel to start and maintain
a fire [5]. Generally, the briquetting process has focused more on
the production of smokeless solid fuels from coal and agricultural
wastes. The common types of briquettes so far in use are coal
briquettes, peat briquettes, charcoal briquettes, and biomass
briquettes. Most recently, researchers have studied the effect of
blending coal and biomass, such as enhancing the properties of coal
briquettes using spear grass [6]. Coal was formed by the remains of
vegetation that were buried underground for thousands of years
under great pressure and temperature in the absence of air. Coal
is a complex mixture of compounds composed mainly of carbon,
hydrogen, and oxygen with small amounts of Sulphur, nitrogen,
and phosphorus as impurities [7]. Bio-coal briquette is a type of
solid fuel prepared by blending coal, biomass, binder and sulfur
fixation agent. The high pressure involved in the process ensures
that the coal particles and the fibrous biomass material interlace
and adhere to each other as a result, do not separate from each
other during combustion, transportation and storage. Adoption
of briquette technology will not only create a safe way of utilizing
the waste, but also improve the economy by converting waste into
energy, and also contribute towards an eco-friendly environment.

Materials and Methods
Molasses

Sugarcane was ground, the juice was extracted by using a
fine cloth, and was then heated at a low temperature till a syrupy
texture was formed. It was then allowed to cool for few minutes and
reheated at a low temperature till a dark syrup was formed.

Corn starch

Corn was soaked in water for some hours in order for the corn
to soften and it was then ground using a grinding machine, sieved
using a fine cloth, the filtrate was allowed to settle for some hours
while the water settling on top was continuously disposed to get
the cornstarch. It was then dried and sieved to attain a smooth and
uniform particle size.

Coal

The coal from Onyeama mine was crushed and ground to fine
powder. The coal powder obtained after grinding was sieved to
obtain coal of particle size 1mm in diameter.

Sawdust

This was obtained from a saw mill in wukari, Taraba State. It
was washed with distilled water and dried after which it was sieved
to obtain fine particle size.

Bio-coal briquette formulation

Bio-coal briquettes were formulated using experimental runs
from design expert as shown in Table 1 & 2. This entails using
different percentages of sawdust, coal and binder. The quantity
of the calcium hydroxide used was 5% of the whole briquette
procedure, a quantity of starch ranging from 0-5g was used during
the process, sawdust, coal and Ca (OH), was weighed out using a
weighing balance. They were mixed thoroughly until a homogenous
(uniform) mixture was obtained. A measured quantity of water was
added to give a paste that can agglomerate. This was molded into
block shaped briquette as shown in Figure 1.

Table 1: Experimental runs from design expert for production of briquettes using corn starch binder.

Std Run Factor 1 A: Amount | Factor 2 B: Amount | Factor 3 C: Amount | Response 1 Calorific | Response 2 Fixed
of coal wt.% of sa... wt.% of st... wt,% Value Mj/kg Carbon %
16 1 2.5 15 4 27.5 72.5
13 2 25 15 4 27.5 75
5 3 0 15 0 28.5 76.5
17 4 2.5 15 4 29.5 77
1 5 0 5 4 28.5 77
6 6 5 15 0 275 72
2 7 5 5 4 27.5 75
8 8 5 15 8 285 78
15 9 2.5 15 4 29.5 76.5
3 10 0 25 4 27.5 76.5
11 11 2.5 5 8 29.5 74
9 12 2.5 5 0 285 76.5
10 13 2.5 25 0 285 75
14 14 25 15 4 29.5 76.5
12 15 2.5 25 8 27.5 75
4 16 5 25 4 29.5 74
17 0 15 8 29.5 76.5
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Table 2: Experimental runs from design expert for production of briquettes using molasses as binder.

std Run Factor 1 A: Amount | Factor 2 B: Amount | Factor 3 C: Amount | Response 1 Calorific | Response 2 Fixed
of Coal wt.% of sa... wt.% of m... wt.% Value Mj/kg Carbon %
15 1 2.5 15 4 29.5 72.5
10 2 25 25 0 28.5 73
2 3 5 5 4 28.5 74.5
1 4 0 5 4 285 76.5
16 5 2.5 15 4 285 75.5
3 6 0 25 4 29.5 75
5 7 0 15 0 285 76
11 8 2.5 5 8 29.5 73.5
7 9 0 15 8 285 76.5
12 10 2.5 25 8 29.5 74
14 11 2.5 15 4 28.5 74.5
8 12 5 15 8 285 74
17 13 2.5 15 4 29.5 72.5
6 14 5 15 0 28.5 76.5
15 2.5 5 0 30.5 74.5
4 16 5 25 4 30.5 76
13 17 25 15 4 285 75
| e |
it |

oo
= o 45,

Figure 1: Photograph of sawdust and briquettes produced.

Proximate analysis of briquettes
Determination of ash content

The ash content was determined by weighing 2g of the briquette
samples into a crucible and placed in a furnace at a temperature of
250 °C for 3 hours. The ash content was calculated as

Ash content (%) = weight of ash /initial weight of sample x100
Determination of volatile matter

The volatile matter was determined by weighing 2g of the
briquette samples and placed in the furnace for 15min at 250 °Cin a
partially closed crucible. The crucible and its content were retrieved
and placed in a desiccator to cool. The weight was recorded and the
volatile matter was calculated thus

VM = (W,-W,)/W, x100

Where W, = original weight of sample, W, = weight of sample
after cooling

Determination of moisture content

Moisture content was determined by weighing 2g of the
briquettes samples and placed in an oven at a temperature of 105

°C for 4 hours. The initial and final weight of the samples were taken
Determination of fixed carbon

The fixed carbon of briquettes was determined using the
following formula

FC (%) = 100- (%VM + %AC + %MC)

Where VM = Volatile matter, AC = Ash content, MC = Moisture
content

Determination of calorific value

The calorific value of the briquettes was determined using
oxygen bomb calorimeter. The calorific value (M]/kg) of the
samples under test was calculated from the temperature rise in the
calorimeter vessel and the mean heat capacity of the system.

Physical characterization of briquettes
Determination of ignition time

The ignition time is the time taken for a flame to raise the
briquette to its ignition point. The briquette samples were ignited
at the edge of their base with a lighter adjusted to give a steady
light. The time taken for each briquette sample to catch fire was
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recorded as the ignition time of the sample. The test was repeated
for each sample and the average time was taken.

Determination of burning time

This is the time taken for each briquette sample to burn
completely to ashes. Subtracting the time, it turned to ashes
completely from ignition time gives the burning time.

Burning rate = Ashing time - Ignition time
Results and Discussion

FTIR

The FT-IR spectra of raw coal sample as shown in Figure
2 was carried out to determine the functional group of coal at

various peaks and also to ascertain the presence of Sulphur for
desulphurization. The peak at 3548.2 cm™ could be due to O-H
stretching vibration indicating the presence of carboxylic acid.
The peaks at 2672.5cm™ may be due to present of H-C=0 group.
The peak with a wave number of 2355.7cm™ could be due to the
presence of carbon dioxide (0=C=0). The peak at 2117.1cm™* may
indicate the present of an alkyne (-C=C-) stretching vibration. The
N-O group indicating presence of nitro compound may be due to
the peak observed at 1539.4cm™. The peak observed at 1613.9cm™*
is attributed to elemental sulphur. Due to the presence of sulphur
in the raw coal as shown in the FT-IR spectrum, Ca (OH), was used
to treat the coal as a desulfurizing agent in other to produce a
smokeless briquette that is environmentally friendly.
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Figure 2: FT-IR spectroscopy of coal sample.

Proximate analysis

The proximate analysis shown in Table 2 & 3 indicated that
moisture content of briquettes produced using molasses and corn
starch binders ranged from 8.5-13.5% and 8.5-13% respectively.
The ash content ranged from 4-6% and 5-7% for briquettes
produced using molasses and corn starch binders. The volatile
matter is within the range of 7-9% and 6-8% for briquettes
produced using molasses and corn starch binders. This implies that
cornstarch binder briquettes and molasses binder briquettes are
both good substitute of wood fuel since they do not contain high ash
content which increased their calorific value. This result is similar
to earlier report by Inegbedion [8]. The values obtained from the
analysis were used to calculate fixed carbon. The calorific value
of briquettes gives the indication of the intensity of the heating
values. High calorific values are required in high quality briquettes

so as to harness as much energy as possible from the briquettes.
The interaction of sawdust, coal and the binders (molasses and
corn starch) to yield higher fixed carbon and calorific values are
shown in Figures 3-6. In this study, as the amount of interaction
between coal increased to 5% and sawdust increased to 25%, the
briquettes calorific value using cornstarch as binder increased from
27-29.5M]/kg. On the other hand, at optimum level the briquettes
calorific value using molasses as binder was found to be within
the range of 28-30.5M]/kg. Similar trend has been reported by
Manyuchi et al. [9]. This shows that briquettes produced using
molasses binder has higher calorific value due to high binder and
sawdust concentration resulted in increased interlocking bonds
with the coal fines resulting in a briquette that has a high heating
value due to the additional strength provided by the combined
effect of the high sawdust and binder concentration [10,11].
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Table 3: Proximate analysis of briquettes produced using molasses and corn starch as binder.

Molasses Binder Briquettes Corn Starch Binder Briquttes
Exp Runs MC (%) AC (%) VM (%) Exp Runs MC (%) AC (%) VM (%)

1 13.5 5 9 1 12.5 7 8
2 13.0 6 8 2 12.0 7 6
3 10.5 6 9 3 10.5 6 7
4 8.5 6 9 4 12.0 5 6
5 11.5 6 7 5 9.0 6 8
6 12.0 5 8 6 12.5 7 8
7 9.0 6 9 7 9.5 7 8
8 12.5 5 9 8 9.0 6 7
9 8.5 6 9 9 12.5 5 6
10 13.0 5 8 10 8.5 7 8
11 12.5 6 7 11 13.0 5 8
12 13.0 6 7 12 11.5 6 6
13 13.5 5 9 13 12.0 6 7
14 9.5 6 8 14 12.5 5 6
15 12.5 4 9 15 12.5 7 8
16 13.0 4 7 16 13.0 5 8
17 11.0 6 8 17 12.5 5 6

Factor Coding: Actual
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calorific value (Mj/kg)
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Figure 3: The 3D surface diagram showing the interaction between amount of coal, amount of sawdust and calorific
value for corn starch binder briquettes.
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Figure 4: The 3D Surface Diagram showing the interaction between amount of coal, amount of sawdust and fixed
carbon for briquettes produced using corn starch binder.
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Figure 5: The 3D surface diagram showing the interaction between amount of coal, amount of sawdust and calorific
value for briquettes produced using molasses binder.
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Figure 6: The 3D Surface Diagram showing the interaction between amount of coal, amount of sawdust and fixed
carbon for briquettes produced using molasses binder.

The higher the fixed carbon content, the higher the quality of
the briquette [12]. At optimum level the briquettes produced using
cornstarch as binder has higher fixed carbon ranging from 72-
78% and the briquettes produced using molasses as binder has a
comparable fixed carbon ranging from 72-77%. The increase in the
fixed carbon content can be attributed to the increased interlock
of the coal-sawdust cornstarch particles as the briquetting process
occurred [13].

Physical characterization of briquettes

The ignition time of briquettes produced using cornstarch

binder as shown in Table 4 was estimated at an average of 40s and
that using molasses as binder was estimated at an average of 26s,
this indicate that molasses binder briquettes ignites faster because
its particles are not tightly held together due to weak interlocking
of the concentration of the binder (molasses) to the coal-sawdust
concentration and as a result of this factor the briquette burns fast,
the burning time was estimated at an average of 8min compared
with the cornstarch binder briquettes which its burning time was
estimated at an average of 18min.

Table 4: Ignition and burning time values from briquettes produced using molasses binder.

Molasses Binder Briquettes Corn Starch Binder Briquettes
S/N Ignition time (s) Burning time (min) Ignition time (s) Burning time (min)
1 25 9 36 15
2 24 5 36 15
3 23 7 22 5
4 24 6 36 15
5 26 8 30 13
6 25 5 22 5
7 22 4 34 14
8 25 9 37 15
9 20 6 40 18
10 24 9 26 7
11 25 9 39 18
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12 23 9 30 13

13 24 9 30 13

14 22 7 40 18

15 22 7 42 19

16 26 8 40 18

17 25 8 39 17
Conclusion 4. Singh RM (2013) Biobriquetting in Nepal-Scope and potentials: A review.
Kathmandu University Journal of Science, Engineering and Technology
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