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Abstract: This study has revealed that groundnut shell can be compacted to a stabled state with binding
material. The densification of the groundnut shells aid in transporting and storing, making it more economically
than is possible at unprocessed state. The effects of binder (cassava starch gel) show that the highest lateral
and axial expansion was 1.91 and 6% respectively. Maximum density, relax density, relaxation ratio ranges
between 411 to 441 kg/m3, 201 to 202 kg/m3, 2.03 to 2.19, respectively. Other results are durability in the
range of 69.89 to 93.52%, while the calorific value ranges between 19.82 to 21.97 MJ/kg. The overall,
briquettes performances showed that 20% binder have the most outstanding resultin terms of durability. It was
found that the amount of binder used have significant influence on the properties of the briquettes.
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INTRODUCTION
Biomass is defined as the biological degradable
fraction of products, waste and residues from agriculture
(including animal and vegetable materials), forestry and
the biological degradable fraction of industrial and
household waste [1]. The usage of biomass for the
production of energy is one of the various means of
reacting to the problems associated to energy crisis.
The use of biomass as a source of energy is a matter of
growing importance and discuss as agreed by Ana [2],
Fernando [3] and Kaygusuz [4].
Several kinds of promising fuel-biomass such as
swine manure[5], coconut oil [6], cashew shell waste
[7], soft wood waste [8], algae [9], maize cob [10],
coconut shell and waste paper admixture [11] were
investigated. Tonnes of groundnut shellare produced
annually in developing countries. The disposal of
these shellsin the fields hasbeen by burning,
sometimes disposed indiscriminately most especially in
the rural areas of developing countries, thereby causing
health hazard. Because of the highheating value of
groundnut shell demonstrated when compressed to
arelatively high density with binder. Experiments have
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shown that groundnut shell can becompressed and
stabilized to a high density.
Biomass briquetting is the process of increasing
the density of biomass into higher density,
energy concentrated, storable and transportable solid
fuel called briquette. Process of translating biomass
into solid fuel involves drying, cutting, grinding and
pressing with or without the aid of a binder.
Therefore, attemptshave been made towards improved,
efficient and sustainable utilization of biomass.
Densification of agricultural residues in the form of
briquettes is therefore a promising technique for this
purpose. Densification improves heating value,
handling and transportation
characteristics
of
agricultural residues by increasingits density. The aim
of this workis to study the effects of binding ratios on
some densification characteristics of groundnut shell
briquettes.
MATERIALS AND METHODS
Groundnut shells were collected from the
processing sites at Dawanu, Kano, Nigeria. The shells
were hammer milled and sieved. Particles that passed
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through the 850µm sieves and were retained on the
600µm sieves were used. The groundnut shell was
sundried for three days before stocking. Cassava starch
was used as the binder in this study. The reason for
choosingcassava starch in this research is because of
relative availability, ease of preparation and cost of
binder.
The groundnut shell and binder were thoroughly
mixed in order to obtain a uniformly blended mixture.
Mixtures were prepared with four different percentages
(5, 10, 15 and 20) of binder with fixed weight of groundnut
shell. In each case, fixed quantities of the samples were
hand-fed into the design and produced press and
compacted. The dwell time of 5 minutes as in Olorunnisola
[11] was used. The machine is a motorized briquetting
machine, According to the design of the moulds,
twelve (12) briquettes were produced per batch.
Briquette stability was measured in terms of its
dimensional changes when exposed to the atmosphere
[12]. The stability of briquettes produced from the
groundnut shell with varying binding ratio examined in
this study was determined in terms of dimensional
expansion in the axial and lateral directions. Immediately
after extrusion from the mould, the briquette length,
breath and height were measured using vernier caliper.
Briquette mass was also determined with a digital scale.
Therefore, the (initial) density of each and every newly
formed briquette was evaluated for the defined
combination of material. Additionally, the dimensions of
each briquette formed were measured after 5, 10, 30, 60,
1440 minutes, 7[12] and 19 day period to determine the
diametral and longitudinal expansion, along with the
relaxed density of briquette.
The compressed density also called maximum density
(density immediately after compression) of the briquette
was determined immediately after ejection from the
moulds as the ratio of measured weight to the calculated
volume. The relaxed density (density determined when
dried) and relaxation ratio (ratio of compressed density to
relaxed density) of the briquette were determined in dry
condition of the briquette after about 19 days of sun
drying to a constant weight. The relaxed density was
calculated as the ratio of the briquette weight (g) to the
new volume (cm3). This gave an indication of the relative
stability of the briquette after compression.
Durability signifies the measure of shear and impact
forces a briquette could withstand during handling,
storage and transportation processes [13]. The durability
test was carried out according to Al-Widyan et al.[14]
method, where the briquettes were drop from a height

of 1.85 m on a flat steel plate four times. The durability
(%) was calculated as the ratio of the final weight of the
briquette retained after four drops to the initial weight of
the briquette. The fraction of the briquette that remained
unshattered was used as an index of briquette durability.
The durability rating of the briquette was expressed as a
percentage of the initial mass of the material remaining on
the metal plate and this gave an indication of the ability of
the briquette to withstand mechanical handling [15].
Leco AC-350 Oxygen Bomb Calorimeter interfaced
with a microcomputer was used to assess the heat values
of the produced briquettes. Two grams of the briquettes
was measured and the screw mould bracket was used to
re-mould the briquette to the appropriate calorimeter
bucket size. Ten (10) ml distilled water was poured into the
bomb and the industrial oxygen cylinder was connected
to the bomb and the valves were opened and bomb was
filled slowly at pressure range of 2.5-3.0 Mpa for a minute.
The bomb was placed inside a canister bracket containing
distilled water and the bomb lid was covered. The switch
was turned on and the microcomputer was set for the
determinations which automatically calibrate and measure
the energy values and display the values on the screen
for recording after feeding the necessary data on the
briquettes. The data and result of the experiment are
displayed on computer screen [16]. The result of the test
is shown on Table 3.
RESULTS AND DISCUSSION
Figure 1 shows dimensional change of briquettes in
the axial and lateral directions. The results of the stability
test reflect the trend observed in compressed and
relaxed density of the briquettes. The observed linear
expansions were relativelysmaller compared to the axial
expansion. When the stability tendency was viewed along
the blending ratios, briquettes sample A produced
with 5% binder in both axial and lateral directions
were observed to mexhibit the best stability. Thus,
sample 5% blend produced the most stabilising
effect, followed by briquettes with 10% binder blend.
This validates that stability of the briquette is a function
of the binder levels and compressed density [17].
The stability of the briquettes, which is expressed
in terms of percentage axial and lateral expansions,
is presented in Figure 1. From the figure, it was
observed that briquettes expanded largely in the axial
direction than in the lateral direction. The change in
briquette dimensions in the axial direction was up to 6%
compared to maximum of 1.91 % in the lateral direction.
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Fig. 1: Comparative result of dimensional stability of briquettes

Fig. 2: Comparative result of densities of briquettes
Table 1: Result of compaction ratios of briquetteswith binder
Sample

3

Initial density (kg/m3)

Maximum density (kg/m )

Compaction Ratio

A

441.08

142

3.11

B

430.75

147

2.93

C

414.56

149

2.78

D

411.01

151

2.72

Table 2: Result of durability testof briquettes
Sample

Weight before test (kg) mb

Weight after test (kg) ma

Durability (%)

A

0.146

0.102

69.89

B

0.142

0.126

88.90

C

0.141

0.129

91.55

D

0.144

0.135

93.52

A similar expansion
result was also reported
byresearcher [14] during briquetting of olive cake. Oladeji
[18] in his work investigationed the effects of different
binding ratios on some densification characteristics of
corncob briquettes reported a similar trend change in
briquette dimensions in the axial direction of up to 4.15%

Table 3: Result of bomb calorimeter test result of fuel samplesof briquettes
Samples

Calorific Value (kJ/kg)

A

19,820.43

B

20,545.35

C

21,456.13

D

21,968.32
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compared to maximum of 1.76 % in the lateral direction.
The axial expansion of briquettes increased as the
percentage binder ratio increased. The lowest percentage
binder ratio by weight A (5%) has the least axial and
lateral expansions of 3.11 and 0.42, respectively. The
implication of this is that, the lower the percentage
binder ratio, the more stable are the briquettes produced.

residues. For example, compaction ratio of between
3.20 and 9.70 was obtained by Boluwafi [22] during
briquetting of guinea corn residue. In the similar
manner, compaction ratios of 4.2 and 3.5 were
obtained during briquetting of groundnut and melon
shells, respectively [23]. While Oladeji, [24] obtained a
compaction ratio of 3.80 during briquetting of rice husk.
The mean values of density ratio with percentage
binder ratio by weight A, B, C and D are 0.46, 0.47,
0.48 and 0.49, respectively. The higher the value of the
density ratio for a given mass, the less relaxed the
briquettes are. There is practically little differences in the
value of density ratio obtained for the four percentage
binder ratios examined in this study.
The mean relaxation ratios of briquettes produced
were found to be 2.19, 2.15, 2.10 and 2.03, for percentage
binder ratio by weight A, B, C and D respectively
(Table 1). Lower value of percentage binder ratio indicates
a more stable briquette, while higher value indicates high
tendency towards relaxation i.e. less stable briquette. The
values of relaxation ratio obtained in this study indicate
that briquettes produced with binder ratio are more stable
than briquettes produced with the three other percentages
binder ratios. A reciprocal relationship was observed
between density ratio and relaxation ratio of the briquettes

Densities of Briquettes: Figure 2 shows the initial,
maximum and relaxed densities of briquettes produced
from groundnut shell under four different percentage
binder ratios. The mean initial densities of the briquette
with the percentage binder ratio A, B, C and D were
142, 147, 149 and 151 kg/m3 respectively. The maximum
densities for percentage binder ratio by weight A, B,
C and Dwere 441.08, 430.75, 414.56 and 411.01 kg/m3
respectively (see Figure 2). The values of the maximum
densities are higher than the initial density of the
uncompressed briquettes. It was observed that the higher
the percentage of binder ratio by weight, the lower the
maximum density i.e. that the maximum density decreased
with increasing percentage binder ratio by weight.
The same thing could be true for relaxed density for A, B,
C and D were 201.41, 200.35, 197.41 and 202.45 kg/m3
respectively. The values of maximum densities obtained
with percentages of binders were less than the minimum
value of 600 kg/m3 recommended by Mani et al. [19] and
Gilbert et al. [20] for efficient transportation and safe
storage. The implication of this is that using percentage
binder ratio up to 20 % may result in briquettes of good
quality in term of density.
Table 1 shows the compaction, density and relaxation
ratios obtained from the groundnut shell briquettes
under four different percentage binder ratios. The values
for compaction ratios of A, B, C and Dare 3.11, 2.93,
2.78 and 2.72, respectively. For the four weight
percentages of binder examined in this study with
percentage binder ratio A (5%) having the highestvalue.
Higher compaction ratio implied more void in the
compressed materials. Higher figure indicates more
volume displacement, which is good for packaging,
storage and transportation and above all, it is an
indication of good quality briquettes [21]. From Table 1,
it was observed that the compaction ratio decreased
with increasing percentage binder ratio by weight and in
this regards, the lowest percentage binder ratio exhibited
the best result of 4.03. Furthermore, the values of
compaction ratio obtained in this study compare and
compete favourably well with notable biomass

Durability Resistance of Briquettes: The decisive factor
regarding durability of briquettes reflect on the
severity of handling, transportation and storage and
weather conditions of the locations where the
products are transportedor exported [25]. Therefore,
the measurement of durability is critical indescribing
briquette quality, in view of the fact that it predicts
briquette performance in transportation, storage and
handling. However, Karunanithy et al. [26] and Dobie
[27] suggested that fines up to 5% (by weight) would be
an acceptable level and greater than 5% would reduce
storage capacity and create problems in flow
characteristics. It has been reported thatAdapa et al, [28];
Tabil and Sokhansanj, [29] classified the durability into
high (> 0.8), medium (0.7-0.8) and low (< 0.7) depending
upon the values. Table 2 shows that durability of the
briquettes varied between 69.89 and 93.52 % while the
losses vary between 6.48 and 30.11%. From the
obtainedvalue it can be concluded that an addition of
10 to 20% of binder will give a good briquette in terms
of durability.
The shattering resistance depends upon amount
of concentration of binders. It increased with
170
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ﭼﻜﻴﺪه
 ﻓﺸﺮده ﺳﺎزي ﭘﻮﺳﺖ ﻫﺎي ﺑﺎدام زﻣﻴﻨﻲ ﺑﻪ. ﺑﻪ ﺣﺎﻟﺖ ﭘﺎﻳﺪار و ﺛﺎﺑﺘﻲ ﻓﺸﺮده ﺷﻮد،ﻣﻄﺎﻟﻌﺎت ﻧﺸﺎن داده اﺳﺖ ﭘﻮﺳﺖ ﺑﺎدام زﻣﻴﻨﻲ ﻣﻲ ﺗﻮاﻧﺪ ﺑﺎ اﺳﺘﻔﺎده از ﻣﻮاد ﭼﺴﺒﻨﺪه
 ﺑﺮرﺳﻲ اﺛﺮ ﭼﺴﺐ ﻧﺸﺎﺳﺘﻪ. ﻣﻘﺮون ﺑﻪ ﺻﺮﻓﻪ ﺗﺮ اﺳﺖ،ﺣﻤﻞ و ﻧﻘﻞ و ذﺧﻴﺮه ﺳﺎزي ﻛﻤﻚ ﻣﻲ ﻛﻨﺪ ﻛﻪ ﺗﻮﻟﻴﺪ آن از ﻟﺤﺎظ اﻗﺘﺼﺎدي ﻧﺴﺒﺖ ﺑﻪ ﺣﺎﻟﺖ ﻓﺸﺮده ﻧﺸﺪه
 ﭼﮕﺎﻟﻲ آزاد و ﻧﺴﺒﺖ اﻧﻌﻄﺎف ﭘﺬﻳﺮي، ﻣﺤﺪوده ﺣﺪاﻛﺜﺮ داﻧﺴﻴﺘﻪ. درﺻﺪ ﻣﻲﺑﺎﺷﺪ6  و1/91 ﻛﺎﺳﺎوا ﻧﺸﺎن داده اﺳﺖ ﻛﻪ ﺑﻴﺸﺘﺮﻳﻦ اﻧﺒﺴﺎط ﻋﺮﺿﻲ و ﻣﺤﻮري ﺑﻪ ﺗﺮﺗﻴﺐ
93/52  ﺗﺎ69/89  ﻣﺤﺪوده ﭘﺎﻳﺪاري آن. ﻣﻲﺑﺎﺷﺪ2/19  ﺗﺎ2/03  ﻛﻴﻠﻮ ﮔﺮم ﺑﺮ ﻣﺘﺮ ﻣﻜﻌﺐ و202  ﺗﺎ201 ، ﻛﻴﻠﻮ ﮔﺮم ﺑﺮ ﻣﺘﺮ ﻣﻜﻌﺐ441  ﺗﺎ411 ﺑﻪ ﺗﺮﺗﻴﺐ ﺑﻴﻦ
 در ﺣﺎﻟﺖ ﻛﻠﻲ راﻧﺪﻣﺎن ﺑﺮﻳﻜﺖ )ﻗﺎﻟﺐ ﻓﺸﺮده( ﻧﺸﺎن داده اﺳﺖ ﻛﻪ. ﻣﮕﺎژول ﺑﺮ ﻛﻴﻠﻮﮔﺮم ﺑﻮده اﺳﺖ21/97  ﺗﺎ19/82  در ﺣﺎﻟﻲ ﻛﻪ ارزش ﮔﺮﻣﺎﻳﻲ آن ﺑﻴﻦ،درﺻﺪ
. در ﻧﻬﺎﻳﺖ ﻣﻘﺪار ﭼﺴﺐ اﺳﺘﻔﺎده ﺷﺪه اﺛﺮ ﻗﺎﺑﻞ ﺗﻮﺟﻬﻲ ﺑﺮ روي ﺧﻮاص ﺑﺮﻳﻜﺖ دارد. ﻧﺘﺎﻳﺞ ﻣﻄﻠﻮﺑﻲ در دوام و ﭘﺎﻳﺪاري ﻣﺤﺼﻮل دارد، درﺻﺪ ﭼﺴﺐ20 اﺳﺘﻔﺎده از
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