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ABSTRACT

Agricultural wastes represent huge quantity of renewable sources of energy for domestic and industrial
utilization. This study focused on optimization of mixing ratio of admixture of pyrolyzed Jatropha
curcas seed shell and Eucalyptus camaldulensis wood shavings with exudates from Acacia senegal as
the binder. Response Surface Method was applied in the optimization of the mixing proportions. Bio-
char of Jatropha curcas seed shell-cam-Eucalyptus camaldulensis wood shavings and Acacia senegal
exudates were considered as the independent factors while the response variable were calorific value
and hardness of the briquette. The experimental design was 5 by 5 factorial experimental design. This
consists five mixing ratio with mass of 1200g of pyrolyzed Jatropha curcas shell to Eucalyptus
camaldulensis wood shaving proportions of. 0/100, 25/75, 50/50, 75/25 and 100/0 % with 50, 60, 70,
80 and 90 g of Acacia senegal exudates as the binder respectively. The calorific value and hardness of
the briquette produced from the mixing proportions were determined using a bomb calorimeter and
Universal Testing Machine. The optimum mixing ratio and mass of binder were found to be 25/75%
and 64.02g which are the recommended mixing ratio and binder quantity. The corresponding response
for calorific value and hardness were 19.37 MJ/kg and 3.83 kN respectively. The study further showed
that the hardness of the briquette followed an increasing trend with the binder while it decreased with
increase in proportion of Jatropha curcas seed shell in the mixture. However, the calorific value was
found to increase with proportion of Jatropha curcas shell in the mixture while it decreased with the
binder. The briquette was found to have good handling qualities and also suitable as solid bio-fuel both
for domestic and industrial uses.
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Introduction people worldwide, who cannot afford modern

Briquettes represent a viable and sustainable fuels depends on biomass for domestic use

. . (UNDP/WHO 2009, Grimsby and Borgenvik,
source of renewable energy for industrial and
family level use. It is a compressed form of solid 2013).
fuel produced from biomass (Zheng et al., Dependency on biomass has resulted to depletion
2010).In Nigeria biomass accounts for 51% of  of trees in some of the forest reserves when trees
total energy consumption while other sources are being felled for fire wood. The demand for
such as natural gas, hydroelectricity and biomass fuel is projected to increase to213.4
petroleum products constitute 5.2%, 3.1%,  x10° metric tonnes, with decrease in supply to
41.3% of energy consumption (Akinbami, 2001, about 28.4 x10° metric tonnes by the year 2030
Olorunnisola, 2007). It is obvious from the (Adegbulugbe, 1994).Green house gas emission
foregoing that biomass remains an indispensable as of one the adverse impact of indiscriminate
source of renewable energy in this part of the felling of trees is here with us today. Studies on
world. It is estimated that about 2.7 billion the use of rejected or undesirable forest and
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agricultural wastes such as straws, leaves, wood
shavings, pods, shells and so on inbriquette
production has been conducted and found to be a
veritable means in reducing emission of
greenhouse gases (Shiferaw et al, 2017,
Rajaseenivasan et al, 2016, Olorunnisola,
2007). Forest and agricultural waste could be
pyrolyzed andconverted into briquettes. This
area of research has been carried out in the past
with  positive outcome (Prasityousil and
Muenjina, 2013).

In production of briquette, parameters such as
compression pressure, pyrolysis
temperature,moisture content, particles sizes of
feedstock, mixing ratio and the type of binder
determines the effectiveness and suitability of
the briquette for fuel (Maschio et al.,
1992).Gonzalez et al. (2004) studied the
optimization of mixing ratio for four different
categories of pellets. The optimum mixing ratio
was established to be 75:25 using tomato and
forest residues,with thermal efficiency of 92.4%
when applied in a boiler.Previous studies have
shown that optimisation of the mixing ratio of
the feed stocks in briquette production is
important for quality and efficient solid fuel. In
this study, the optimization of the mixing ratio
ofconstituting components (binder, Jatropha
curcas seed shell and Eucalyptus camaldulensis)
of a briquette was carried in a bid to improve
their qualities using lesser quantity of binder.

Materials and Methods

Sample preparation

In the production of the briquettes some
undesirable forest and agricultural waste such as
Eucalyptus camaldulensis wood shavings and
Jatropha curcas seed shell recovered from its
shelling process were collected from Federal
College of Forestry Mechanization and Trial
Afforestation  Research  Station  Kaduna,
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Nigeria.The Eucalyptus camaldulensis wood
shavings and Jatropha curcas seed shell were
pyrolyzed separately in an improvised kiln. The
bio-chars recovered from the kiln were screened
using a sieve to obtain finer bio-char particles.
The bio-chars recovered were cooled and kept in
polythene sacks at room temperature (28+2
°C).Exudates from Acacia senegal was milled
and applied as an organic binder for the
production of the briquette. This type of binder is
more preferable because it is environment
friendly.

Optimization of mixing proportion

The optimization of the mixing ratio was carried
out using experimental design in Table 1.The
experimental design comprises of five factors,
five levels i.e., 5X5 Central Composite Rotatable
Design (CCRD) having two independent factors
such as Jatropha curcas shell-cum-Eucalyptus
camaldulensis wood shavings proportions of
0/100, 25/75, 50/50, 75/25 and 100/0 % with the
binder being 50, 60, 70, 80 and 90g.The plan of
experimental design comprises of 4 factorial
points, 4 axial points and 5 replications at the
centre point. In the optimization process, 13 runs
were generated in all as shown in Table 2.
Response Surface Method (RSM) was adopted
for the optimization process. The plan of
experiment shown in Table 2 was generated
using a statistical package such as Design-Expert
10 by applying Central Composite Rotatable
Design of Response Surface Method. The
response variables were hardness (a measure of
force of resistance to rupture in kN) and calorific
value (depicts useful energy in a material per
unit mass in kJ/kg) of the briquettes produced
while the independent variables were Jatropha
curcas  shell-cum-Eucalyptus  camaldulensis
wood shavings proportions and mass of binder.
The mixing proportions in Table 2 were applied
in briquette production while the response in
terms of hardness and caloric were measured in
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triplicate after each production. The data
obtained during the experiment were analyzed
using two factor interaction and quadratic
models. The analysis of variance was also
carried out for Jatropha curcas shell-cum-
Eucalyptus  camaldulensis  wood  shavings
proportions and mass of binder. The CCRD
adopted comprises of three major design points
which include axial, central and factorial points.
Full CCRD was adopted for the experimental
design (Montgomery and Runger, 2002; Fadele
and Aremu, 2018). The most suitable model was
selected on the basis of the significance of
additional terms where the model is not aliased;
as well as the coefficient of determination. The
generalized model relating the dependent
variable to the independent variable could be
obtained from Equation 1.

k k
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Where: Y is the individual dependent parameter
(hardness and calorific value), [, is the model

intercept, X¥_, 5.X; characterises the main linear

effects of individual independent parameters
(jatropha-cum-Eucalyptus mixing ratio and mass

k
of binder), X.. B;;X%.X; determines the
i=z

between variables,

relationship
k

2z §;; %X, shows the main quadratic
=1

effects of the variables, € is random error of

experimentation, Xjx shows the matrix of the

uncoded process variables. The total number of

experimental runs was evaluated in Equation 2 as

follow:

N=(2+ 2k+c

Where

N is the number of runs

k is the number of independent parameters
c is the centre point.

Table 1. Experimental Levels for Jatropha-cum-Eucalyptus Camaldulensis and Binder Mixing

Factors Levels

1 2 3 4 5
Mass of Binder (g) 50 60 70 80 90
Jatropha: Eucalyptus 0:100  25:75 50:50 75:25 100:0

Table 2.Plans of Experimental Runs for the Mixing Ratio

S/No Jatropha  Shell-cum-Eucalyptus Mass

of Responses

camaldulenis Wood Shaving (%) Binder (g) Calorific Value (MJ/kg) Hardness (N)

1 50/50 70 18.95 4.2
2 50/50 70 19.56 3.8
3 75/25 60 15.37 53
4 75/25 80 17.23 4.6
5 50/50 70 15.66 3.6
6 50/50 90 16.75 7.5
7 25/75 60 14.05 3.5
8 50/50 70 27.33 3.1
9 50/50 70 21.49 4.7
10 0/100 70 14.64 7
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11 100/0 70
12 25/75 80
13 50/50 50

15.09 4.6
9.66 6
31.15 2.6

Determination of calorific value of the
briquette

The calorific value of the briquette was
determined using a bomb calorimeter (ZDHW-
2000) in Leather Research Institute Zaria,

N

Determination of hardness of the briquette

The hardness of the briquette was determined in
accordance with American Society for Testing
and Materials standards (ASTM, 2008) using a
Universal Testing Machine (Techquipment
SN1000) as shown in Figure 2.Thirteen samples

Kaduna Nigeria. Thirteen samples of briquettes
produced from mixing proportions in Table 1
were tested. Figure 1 shows the diagram of the
bomb calorimeter used for the test.

of the briquettes were tested and values for
hardness and deformation were logged and
plotted into a curve on the system as shown in
Figure 3. The hardness of the briquette was also
optimized.

Figure 2.Test for the compressive strength of the briquette using a Universal Testing Machine
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Figure 3. Force deformation curve of the briquette
Results and Discussion

Effect of mixing proportion on the calorific
value of Jatropha -curcas-cam-Eucalyptus
camaldulensis briquette

The calorific property of the briquette was found
to be insignificantly influenced by variation inthe
mixing proportion of the bio-char of Jatropha
curcas shell and Eucalyptus camaldulensis wood
shavings with the mass of binder as shown in
Table 3. This is an indication that variation in all
the mixing constituents of the briquette does not
have any effect on the calorific value of the
briquette which could be as a result of
application of constant compressing pressure for
all the briquettes. The maximum value obtained
was found to be 31.15MJ/kg which is agreement
with that of charcoal and biochar from Jatropha
curcas fruit pods (Openshaw, 2000; Mallikaet
al., 2015).

However, the minimum value was found to be
9.66 MJ/kg while the average value was 18.23
MJ/kg. The optimum calorific value was 19.37
MlJ/kg with desirability of 0.55. The calorific
value was found to increase and then decrease
with proportion of Jatropha curcas shell in the
mixture which could be due to the bulk density
of jatropha shell which contributed to the energy
density of briquette when its proportion increases
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as shown Figure 4. This is in support of findings
by Grimsby and Borgenvik (2013); while it
decreases and then increases with the proportion
of Eucalyptus camaldulensis wood shaving in
the mixture as shown in Figure 4. The calorific
value alsodecreased with increase in the mass of
the binder as shown in Figures 4.Equation 3
shows the mathematical relationship that exist
between calorific value and the mixing
proportion of Jatropha curcas shell-cum-

Eucalyptus curcas wood shavings with the mass
of binder.

€C=87.4— 01594 — 1.604B + 0.006254B8 — 0.0024547

(R* = 0.48) 3

Where C is the calorific value

A is the proportion of bio-char of jatropha shell
to eucalyptus wood shaving

B is the mass of binder

The Model F-value of 1.27 indicatesthat the
model is not significant relative to error. There is
a37.14 % chance that a F-value this large could
occur due to noise.The lack of fit F-value of 2.37
implies that the lack of fit is not significant
relative to the pure error. There is a 21.13%
chance that a lack of fit F-value this large could
occur due to noise. Significance of fit observed
data to the model is good since it shows that the
observed data follow the curve indicated by the
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model.The coefficient of determination (R?)
obtained was found to be 0.48. This shows the
variation in the constituting components of the
briquette to accounts for 48% of the total
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responses in the calorific value of the bio-char
jatropha shell-cum-Eucalyptus camaldulensis
wood shaving briquette.

Table 3. Analysis of Variance for Relationship between Calorific and Briquette Constituents

SV SS Df MS F-Value p-value
Model 187.79 5 37.56 1.27 0.3714™
A 7.99 1 7.99 0.27 0.6189™
B 81.80 1 81.80 2.77 0.1398"™
AB 9.77 1 9.77 0.33 0.5831™
A’ 54.02 1 54.02 1.83 0.2181"™
B’ 12.41 1 12.41 0.42 0.5373™
Residual 206.50 7 29.50

Lack of Fit 132.21 3 44.07 2.37 0.2113™
Pure Error 74.29 4 18.57

Cor Total 394.29 12

SV-Source of Variable; SS-Sum of Squares; Df- Degree of freedom; MS-Mean Square; ns-not significant; A-Jatropha curcas-cum-Eucalyptus

camaldulensis; B-Binder

Calorific Value (MJ/kg)

Binder (g) 65

35 Jatropha-cum-Eucalyptus (%)

Figure 4. Calorific value against binder and Jatropha curcas-cum-Eucalyptus camaldulensis bio-char

Effects of mixing proportion on the hardness
of the briquette

The hardness of the briquette was found to be
significantly affected by the mixing ratio as
shown in Table 4. This shows that variation in
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one or more of the mixing constituents of the
briquette have an effect on the hardness of the
briquette. The maximum value obtained was
found to be 7.5 kN which is acceptable for
stability of briquette during handling, transit or
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utilization. However, the minimum value was
found to be 2.6 kN while the average value was
4.65 kN. The optimum value obtained for the
hardness was 3.83kN.All these values are within
standard values recommended for briquettes
production (ASTM, 2008). The hardness was
found to decrease with Jatrophacurcas-cum-
Eucalyptus camaldulensiswood shaving
proportion while it increases with the binder as
shown in Figure5.Similarly, Olugbadeer al.
(2019) reported the improvement of strength
through increase in binder proportion. The
hardness value was found to decrease with the
proportion of bio-char of Jatrophacuras shell in
the mixture while it increases with that of
Eucalyptus  camaldulensis  wood  shavings.
However, thehardness of the briquetteincreased
with increase in the mass of the binder as shown
in Figures 5. Equation 3 shows the mathematical
relationship that exists between the hardness and
jatropha-cum-Eucalyptus wood shavings
proportion with the mass of binder.

Hardness (N)

Binder (g) 65

35 Jatropha-cum-Eucalyptus (%)
60 25
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H=3.134+0.1324 — 0.1588 — 0.003248 + 0.00077A47

(R*=0.83) 3

Where H is the calorific value

A is the proportion of bio-char of jatropha shell
to eucalyptus wood shaving

B is the mass of binder

The Model F-value of 6.67 shows the model is
significant as shown in Table 4. There is only a
1.36% chance that an F-value this large could
occur due to noise. The lack of fit F-value of
2.74 implies that the lack of fit is not significant
relative to the pure error. There is a 17.75%
chance that a lack of fit F-value this large could
occur due to noise. Non-significant lack of fit is
good since it shows that the observed data fit to
the model. The coefficient of determination (R?)
obtained was found to be 0.83. This shows that
the variation in the constituting components of
the briquette to accounts for 83% of the total
responses in the hardness of the bio-char jatropha
shell-cum-Eucalyptus ~ camaldulensis ~ wood
shaving briquette.

Figure 5. Hardness against binder and jatropha-cum-eulayptus bio-char
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Table 4. Analysis of Variance for Relationship between Hardness and Briquette Constituents

Sv SS df MS F-value p-value
Model 21.37 5 4.27 6.67 0.0136
A-Jatropha 1.61 1 1.61 2.52 0.1565
B-Binder 11.21 1 11.21 17.51 0.0041
AB 2.56 1 2.56 4.00 0.0857
A’ 5.35 1 5.35 8.36 0.0233
B’ 2.01 1 2.01 3.13 0.1201
Residual 4.48 7 0.64

Lack of Fit 3.02 3 1.01 2.74 0.1775
Pure Error 1.47 4 0.37

Cor Total 25.85 12

SV-Source of Variable; SS-Sum of Squares; Df- Degree of freedom; MS-Mean Square; ns-not significant; A-Jatropha curcas-cum-Eucalyptus

camaldulensis; B-Binder

Conclusion

The effects of mixing ratios on some engineering
properties of pyrolyzed Jatropha curcas shell-
cum-Eucalyptus camadulensis shaving briquette
was established. The optimum mixing ratio of
the pyrolyzed  Jatropha curcas shell-cum-
Eucalyptus camadulensis wood shaving briquette
with the binder was found in this study. The
optimum value for response variables such as
calorific value and hardness were discovered to
be similar to existing briquette from other
materials. The hardness of the briquette followed
an increasing trend with the binder while it
decreased with increase in mixing proportion.
However, the calorific value was found to
increase  with  jatropha-cum-wood shaving
mixing ratio while it decreased with the binder.
The briquette was found to be stable and suitable
as solid bio-fuel both for both domestic and
industrial uses.
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