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ABSTRACT
The study evaluated the combustion properties of briquettes made from sawdust of different binder ratios of
phytoplankton scum as binder at different compression pressure and particle sizes. The saw dust samples
were collected, cleaned, sun-dried, milled and sieved into three particle sizes 0.5 mm (D1), 1.0 mm (D2) and
2.0 mm (D3). Phytoplankton scum was collected from stagnant fish ponds using scoop net. Water was
drained out prior drying using oven until the weight was constant. It was ground to fine particle size using
plate mill and later sieved to particle size 0.075 mm with Tyler sieve. The briquettes were produced at 3
particle sizes of 0.5 mm (S1), 1.0 mm (S2) and 2.0 mm (S3), four pressure levels of 2 MPa (P1), 4 MPa (P2),
6 MPa (P3) and 8 MPa (P4) and using 10, 20, 30, 40, and 50% phytoplankton scum by weight of each
feedstock. Die dimension was 14.3 mm height and 4.7 mm diameter and compression was conducted by
hydraulic press to form fuel briquettes with dwell time of 60 seconds. The obtained data was statistically
analysed using Pearson Correlation Coefficient. There was significant negative relationship between
relaxed density, specific fuel consumption and burning rate of the briquettes at different levels of
compaction pressure and particle sizes. There was positive correlation between thermal fuel efficiency,
ignition time, calorific values, water boiling time and relaxed density at the different binder ratio,
compaction pressure and particle sizes (P<0.001).
Keywords: Densification, particle size distribution, combustion, durability index, mechanical handling

INTRODUCTION
The densification of biological material
enhanced the density of briquettes. This is
imperative because is one of the major
determinants in both the saving in transportation
and handling cost and also better the thermal
characteristics of the original material. The
physical and chemical properties of the original
materials, the equipment used and its operating
conditions are major factors that determined the
density of briquettes [1]. Briquette and pellet
densities of biomass for high pressure process
ranged from 1,200 to 1400 kg/m3 and 1,450 –
1500 kg/m3was reported by Kaliyan and Morey
[2]. Packing density of briquettes is lesser than
the density of briquettes itself due to the fact
that briquettes cannot be packed perfectly. Many
scientists have conducted work on densification

of biomass. According to Kaliyan and Morey
[2] reported the gains in bulk densities in the
range of 10-20 times from densification process.
Particle sizes of biomass play a significant role
in determining the durability, moisture content
and density of any briquette [3]. It was reported
that biomass of fine particles generally accepts
more moisture than large particles. According to
Olorunnisola [4] briquettes manufactured from
larger particle size experienced more fissure
points which leads to cracks and fracture in
briquettes. The particles size ranged between 0.6
and 0.8 when used to produce briquettes will
produced fuel briquettes of better good
mechanical handling characteristics [2].
Biomass of fine particles will produce more
durable and stable briquettes. Despite better
briquettes is manufacture from fine particle
sizes but the cost of production is quite
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enormous and expensive. Thus, mixture of
various particle sizes of biomass to produce
briquette with optimum quality is recommended
[5]).
Fuel briquettes of higher density and strength
are recommended. Briquettes density should be
less than1.91 kg/m2 [6]. Density is an important
parameter for storage and transportation
purposes. Briquettes with higher density are
preferred as fuel because of their high calorific
values and good combustion characteristics [7,
8]. Huge volume of agricultural and industrial
waste that initial constitute nuisance are now
turned into useful purposes such as fuel
briquettes. Combustion characteristics of fuel
briquettes depends on pre-treatment processes
and material conditions such as temperature,
particle size, binder types and compaction
pressure [9, 10]. Some Scientists have worked
on different range of compaction pressure (315MPa) and falls within the range of manually
produced briquettes using hand press for the
production briquettes [4, 5, 11]. Particle size
varied between 0.6 and 4.7 mm were
recommended for the production of briquettes
[5, 12].
The production of briquette is described as an
advanced fuel due to its clean burning nature
and it can be preserved for long periods of time
without deterioration and degradation. Micro
enterprise can be established for the production
of fuel briquettes from industrial and
agricultural wastes to generate income.
Utilization of sawdust and other agricultural
waste can be viewed as important way of
managing the wastes problem and contributing
to environmental management as well as
creating employment and generating income for
those who are worst affected by it [13, 14, 15,
16, 17]. The upsurge in the demand for wood
fuel consumption is considered as a major
contributing factor to the fuel wood, global
warming and deforestation crisis in Nigeria.
Transition to a sustainable energy system is
imperative to avert its current shortfall in the
developing countries such as Nigeria [12].

MATERIALS AND METHODS
Experimental Procedure
Sawdust of white afara softwood (Terminalia
superba) was collected from a sawmill industry.
A total of 300 kg of white afara softwood
collected from saw mill and packed in bags on
15th of June, 2015. Phytoplankton scum an
aquatic plant was used as binder. Preliminary
2

studies were conducted prior this main
experimental work in order to investigate the
possibility of using white afara sawdust and
phytoplankton scum as binders for production of
briquettes at different binder ratio (10, 20, 30,
40 and 50% by residue weight), particle sizes of
0.5 mm, 1.0 mm and 2.0 mm and compaction
pressure, 2, 4,6 and 8 MPa.
Sawdust was cleaned and later pre-treated with
hot water of temperature not less than 80oC to
remove extraneous matters. Filtrate was
removed and later rinse well with warm water
prior drying using oven until the weight was
constant. Phytoplankton scum was collected
from stagnant fish ponds using scoop net. Water
was drained out prior drying using oven until
the weight was constant. It was ground to fine
particle size using plate mill and later sieved to
particle size 0.075 mm with Tyler sieve.
Sawdust was ground to particle size distribution
0.50 – 3.0 mm, achieved by using Particle Size
Analysis Equipment consisting of sieve shaker
and Tyler sieves of various diameter or particles
size openings. Tyler sieve was further used to
obtain three particle sizes namely 0.5 mm, 1.0
mm 2.0 mm.
The ratio of sawdust to phytoplankton scum
content in the mixture were 90:10, 80:20, 70:30,
60:40 and 50:50. The agitating process was
carried out using mechanical mixer to enhance
proper blending and homogenous mixture prior
compaction. A steel cylindrical die of dimension
14.3 cm height and 4.7 cm in diameter was used
for the purpose of this study. A known charge of
sample was freely filled into the die. and placed
under the hydraulic press machine for
compaction into briquette. A known pressure
was applied at a time to the charge material in
the die and dwell period of 60 seconds before
released using stop watch. Briquette formed was
extruded and labelled for identification.
Extruded briquettes were further dried in the
over at 60oC for 24 hours. Dried briquettes were
later packed inside high density cellophane bag
for one week before the experiment. The
combustion properties of briquettes which
included the density, calorific values, specific
fuel consumption, ignition time, burning rate,
water boiling time and thermal fuel efficiency
Determination of relaxed density of briquette
The relaxed density of briquettes was
determined after sun-dried for 14 days
according to Olorunnisola [4].
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Combustion characteristics of the briquettes
The calorific value of the sample was
determined using Bomb Calorimeter according
to (ASTM. E711-87) [18].
Water boiling time
Water boiling test was conducted according to
Onuegbu et al.[19].
Burning rate
This determines the rate at which a certain mass
of fuel is combusted in air. Fuel burning rate
was determined according to Ndirika [20].
Ignition time
The ignition time was determined according to
Davies and Abolude [1]
Evaluation of thermal fuel efficiency of
briquettes sample
The thermal fuel efficiency of the briquette was
calculated from equation [21].
Statistical analyses of data
The obtained data was statistically analysed
using Statistical Analysis System (SAS) (2007)
and Pearson Correlation coefficient.

RESULTS AND DISCUSSION
Positive correlation was observed between
thermal fuel efficiency and relaxed density at
the four binder levels (Table 1). The minimum
and maximum values were 0.55 and 0.83
(P<0.001). The result revealed that density of
briquettes had a significant influenced on the
thermal fuel efficiency of the briquettes. The
correlation between ignition time and density
exhibited positive, strong and significant
(P<0.001). The lowest values of r was (0.75) B1
and highest value (0.89) B4. It was observed
that at a higher level of binder the relationship
between density and ignition time became
significant. This showed that briquettes of
higher density might observed delayed ignition
time [1]. The correlation between calorific value
and density of briquettes revealed significant
positive interaction (P<0.001). The r values
ranged between 0.71 (B1) and 0.84 (B4).
The relationship between density and specific
fuel consumption indicated negative and
significant (P<0.001). The values ranged from 0.63 (B2) to -0.87 (B3). The optimum binder
corresponded to B3. It was observed that the
higher the density, the lower the specific fuel
consumption of briquettes. The relationship
established between burning rate and density of
the briquettes strong, negative and significant
interaction (P<0.001). The values varied

between -0.80 (B1) and -0.91 (B4). That is the
higher the density, the lower the burning rate of
briquettes. It was reported that the higher the
density the lower the burning rate of the
briquettes [11]. One of the major factors used to
determine the quality of fuel briquettes is
density and burning rate. The relationship
between density and water boiling time showed
strong, positive and significant relationship
(P<0.01). The r- ranged from 0.68 (B1) to 0.93
(B4).
The density of fuel briquettes has
significant effect on water boiling time.
The observed relationship between fuel
efficiency and relaxed density was positive and
significant for all the pressure levels (P<0.001).
The values varied from 0.81 (P1) to 0.84 (P2
and P4). This showed that relaxed density had
strong influence on the thermal fuel efficiency
of the briquettes. The relationship between
ignition time and relaxed density was positive
and significant (P<0.001). The lowest and the
highest correlation coefficient corresponded to
0.69 for P3 and 0.86 for P2 respectively. The
higher the relaxed density of the briquette, the
longer is the ignition time. This is a positive
development in densification process. Since heat
energy is released gradually and steadily than
low density briquette that burns easily. The
present observation agrees with the findings of
Demirbas and Sahin [22] and Davies and Davies
[23] that as densities of the briquettes increased
their ignitabilities decreased.
The calorific value and relaxed density of
briquettes demonstrated positive and significant
correlation at all compaction pressure levels
(P<0.001). The variation ranged from 0.66 for
P3 to 0.77 for P2. The relaxed density exhibited
negative and significant correlation with specific
fuel consumption (P<0.001). The values ranged
between 0.75 (P3) and 0.89 (P4). The two
parameters were negatively correlated and it
was significant at P<0.001. The values varied
from -0.81 (P3) to 0.91 (P4). It could be inferred
that high density briquettes might have low
burning rate. The burning rate of any fuel is a
major factor that determined the quality of fuel
either for domestic or commercial use.
Therefore, lower density briquettes have a faster
normalised burning rate compared to higher
density briquettes. In this vein, the density of the
fuel is increased, handling characteristics are
improved, transportation cheaper and burning
rate can be easily controlled [11]. Relaxed
density correlated positively and significantly
with the observed water boiling time for all the
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pressure levels (P<0.001). The mean correlation
coefficient varied from 0.61 (P2) to 0.85 (P1).
A positive and significant relationship existed
between thermal fuel efficiency and relaxed
density (P<0.001). The r values ranged between
0.57 (D3) and 0.79 (D2). This indicated that the
higher the relaxed density of any briquette, the
higher is its fuel efficiency. The heat content of
briquette of particle size 0.5mm might be
released gradually than that of 4mm particle
size. The interaction between the two
parameters was positive and significant
(P<0.001). The r values varied from 0.69 (D2
and D3) to 0.75 (D1). These values depicted a
strong relationship. The highly density
briquettes could take a longer time for it to burn
and thereafter, the heat content is released
gradually. The investigations revealed that
particle sizes determine briquette porosities. The
smaller the particle size, the higher will be the
density, and on the contrary, the longer will be
the ignition time [6]. The calorific value and

relaxed density of briquettes demonstrated
positive and significant correlation (P<0.005).
The r values ranged between 0.56 for particle
size 4mm and 0.91 for size 0.5mm.
The specific fuel consumption had negative and
significant correlation with relaxed density. The
r values varied from -0.58 for particle size 4mm
to -0.87 for size 0.5mm. The two parameters
were negatively and significantly correlated at
P<0.001. The r values ranged between -0.65
(D2) and -0.88 (D1). It could be inferred that the
higher the relaxed density of briquettes the
lower the burning rate. The burning rate of any
fuel is a major factor that determined the quality
of fuel either for domestic or commercial use.
Relaxed density demonstrated positive and
significant correlation with the observed water
boiling time (P<0.001). The r values varied from
0.49 (D3) to 0.80 (D1 and D2). It implied that
briquettes of higher relaxed density might have
higher water boiling time.

Table1. Relationships among combustion characteristics of water hyacinth briquettes at different binder level
Binder level

B1

B2

B3

B4

RD
TFE
IT
CV
SFC
BR
WBT
D
TFE
IT
CV
SFC
BR
WBT
D
TFE
IT
CV
SFC
BR
WBT
D
TFE
IT
CV
SFC
BR
WBT

RD
1.00
0.83**
0.80***
0.76***
-0.67***
-0.83***
0.68***
1.00
0.68***
0.64***
0.71***
-0.63***
-0.80***
0.59***
1.00
0.74***
0.80***
0.63***
-0.87***
-0.91***
0.76**
1.00
0.55***
0.67***
0.74**
-0.79***
-0.89***
0.93**

TFE

Combustion characteristics
IT
CV

SFC

BR

WBT

1.00
0.75***
0.69***
-0.85***
-0.69***
0.63***

1.00
0.69***
-0.70***
-0.58***
0.85***

1.00
-0.59***
-0.86***
0.61***

1.00
0.72***
-0.97***

1.00
-0.78***

1.00

1.00
0.86***
0.59***
-0.66***
-0.79***
0.62***

1.00
0.82***
-0.78***
-0.90***
0.78***

1.00
-0.63***
-0.93***
0.81***

1.00
0.94***
-0.65***

1.00
-0.49***

1.00

1.00
0.78***
0.58***
-0.70***
-0.72***
0.39*

1.00
0.78***
-0.80***
-0.79***
0.32 ns

1.00
-0.62***
-0.59***
0.20ns

1.00
0.92***
-0.71***

1.00
-0.45**

1.00

1.00
0.85**
0.21ns
-0.76***
-0.70***
0.67***

1.00
0.09***
-0.86***
-0.64***
0.87***

1.00
-0.19ns
-0.47**
0.76*

1.00
0.89**
-0.76***

1.00
-0.78***

1.00

ns=not significant, *=significant at P<0.05, **=significant at P<0.01, ***=significant at P<0.001. D- density;
TFE-thermal fuel efficiency; IT-ignition time; CV-calorific value; SFC-specific fuel consumption; BR-burning
rate; WBR-water boiling time
4
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Table2. Relationship among variables at different pressure
Pressure

2 MPa

4 MPa

6 MPa

8 MPa

RD
FE
IT
CV
SFC
BR
BT
RD
FE
IT
CV
SFC
BR
BT
RD
FE
IT
CV
SFC
BR
BT
RD
FE
IT
CV
SFC
BR
BT

RD
1.00
0.81***
0.85***
0.74***
-0.79***
-.83***
0.85***
1.00
0.84***
0.86***
0.77***
-0.84***
-0.87***
0.61***
1.00
0.83***
0.69***
0.66***
-0.75***
-0.81***
0.71***
1.00
0.75***
0.79***
0.43**
-0.88***
-0.96***
0.90***

FE

Combustion Characteristic
IT
CV
SFC

BR

BT

1.00
0.93***
0.78***
-.86***
-.82***
0.88***

1.00
0.81***
-.88***
-.87***
0.90***

1.00
-0.68***
-0.69***
0.74ns

1.00
0.91***
-.86***

1.00
.90***

1.00

1.00
0.83***
0.78***
-.72***
-.71***
0.53***

1.00
0.80***
-.86***
-.83***
0.67***

1.00
-0.57***
-0.67***
0.56***

1.00
0.90***
-.74***

1.00
-57***

1.00

1.00
0.87***
0.77***
-.81***
-.79***
0.75***

1.00
0.79***
-.86***
-.81***
0.90***

1.00
-0.56***
-0.63***
0.76***

1.00
0.90***
-.84***

1.00
-.81***

1.00

1.00
0.89
0.21ns
-.76***
-.70***
0.67***

1.00
0.09***
-.81***
-.73***
0.69***

1.00
-0.19ns
-.47**
0.40*

1.00
0.87***
-.82***

1.00
.92***

1.00

ns=not significant, *=significant at P<0.05, **=significant at P<0.01, ***=significant at P<0.001. D- density;
TFE-thermal fuel efficiency; IT-ignition time; CV-calorific value; SFC-specific fuel consumption; BR-burning
rate; BR-water boiling time
Table3. Correlation matrix of variables at different particle sizes
Particle size

0.5 mm

1.0 mm

2.0 mm

RD
FE
IT
CV
SFC
BR
BT
RD
FE
IT
CV
SFC
BR
BT
RD

RD
1.00
0.73***
0.80***
0.91***
-0.87***
-0.88***
0.80***
1.00
0.70***
0.69***
0.65***
-0.61***
-0.65***
0.80***
1.00

FE

Combustion characteristic
IT
CV
SFC

BR

BT

1.00
0.77***
0.72***
-.83***
-0.86***
0.66***

1.00
0.90***
-0.90***
-0.87***
0.88***

1.00
-0.89***
-0.88***
0.89***

1.00
0.96***
-0.83***

1.00
-0.83***

1.00

1.00
0.83***
0.68***
-0.70***
-0.70***
0.66***

1.00
0.74***
-0.85***
-0.92***
0.88***

1.00
-0.42***
-0.69***
0.89***

1.00
0.79***
-0.83***

1.00
-0.83***

1.00
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FE
IT
CV
SFC
BR
BT

0.57***
0.69***
0.56***
-0.58***
-0.71***
0.49***

1.00
0.81***
0.59***
-0.69***
-0.75***
0.50***

1.00
0.77***
-0.73***
-0.83***
0.73***

1.00
-0.62***
-0.71***
0.64***

1.00
0.74***
-0.76***

1.00
-0.60***

1.00

ns=not significant, *=significant at P<0.05, **=significant at P<0.01, ***=significant at P<0.001. D- density;
TFE-thermal fuel efficiency; IT-ignition time; CV-calorific value; SFC-specific fuel consumption; BR-burning
rate; BR-water boiling time

CONCLUSIONS
The interaction between density and some
thermal characteristics such as thermal fuel
efficiency, ignition time and calorific value
investigated revealed positive and significant
relationship except specific fuel consumption,
burning rate that showed negative for all the
four binder levels. The observed relationship
between thermal fuel efficiency and relaxed
density was positive and significant for all the
compaction pressure and particles size levels
(P<0.001).
The relationship between ignition time and
relaxed density was positive and significant
(P<0.001). The calorific value and relaxed
density of briquettes demonstrated positive and
significant correlation at all compaction pressure
levels (P<0.001). The relaxed density of the
briquette showed negative and significant
correlation with specific fuel consumption
(P<0.001). Relaxed density correlated positively
and significantly with the observed water
boiling time for all the pressure levels
(P<0.001). A positive and significant
relationship existed between thermal fuel
efficiency and relaxed density (P<0.001). The
interaction between the two parameters was
positive and significant (P<0.001). The calorific
value and relaxed density of briquettes
demonstrated
positive
and
significant
correlation
(P<0.005).The
specific
fuel
consumption had negative and significant
correlation with relaxed density. Relaxed
density demonstrated positive and significant
correlation with the observed water boiling time
(P<0.001).
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