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Abstract: The physical properties of briquettes made from rice husk and coconut shell in different ratios were
evaluated based on their thermo-physical properties. The calculated calorific values of the rice husk and coconut
shell are 16.51 MJ/kg and 18.60 MJ/kg, with densities of 1.50 g/cm’ and 3.00 g/cm’, respectively. Coconut shell has
lower moisture and ash content of 10% and 26%, respectively, before briquetting. Comparisons of the experimental
and calculated calorific values of the briquettes (17 to 21 MJ/kg) showed that they are in agreement with those of the
American Standard of Testing Materials (ASTM) and those reported in the literature. The results further showed that
the calorific values of the five briquette ratios were not a function of their moisture and ash contents, rather their total
carbon contents. The briquette at the ratio 90:10 of rice husk to coconut shell has the highest calorific value and implies
that it has more heating advantages and will therefore be suitable as an alternative solid fuel.
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1. Introduction

Agricultural wastes are the residues from the growing and processing of raw agricultural products [1]. These wastes
will constitute a nuisance to the environment if not properly managed. The agricultural concern here is the crop wastes
(corn stalks, sugarcane bagasse, drops, and culls from fruits and vegetables, prunings). These agro-residues have been
mostly used for heating applications in many homes for decades. But their high moisture contents and low densities
make them unsuitable for direct use as fuel due to combustion and handling problems. The potential agro-residues
which do not pose collection and drying problems related to biomass are rice husk, groundnut shell, coffee husk, and
coconut shell.

The outer coverings of rice and coconut are known as rice husk (RH) and coconut shell (CS), respectively. RH and
CS are the foremost low cost and low-density materials obtainable in large quantities as solid waste bye-products. They
are also low cost and attractive to current cooking methods which substitute conventional cooking fuel. By utilizing our
abundant agricultural residues, households can scale back the quantity of firewood, charcoal, and fossil fuel burned with
a resultant increase in household income, air quality, reduction of firewood collection burden on women, and greenhouse
gas emissions. These agricultural waste products can be properly recycled into useful products, thereby increasing the
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energy resource mix and reducing the environmental pollution. The decreasing availability of fuel wood, as well as
the ever-rising cost of hydrocarbon oil and cooking gas in Nigeria, has drawn attention to the necessity to contemplate
different sources of energy for domestic and industrial use within the country. The decision of the Nigerian government
to close the country’s land borders has resulted in increased local rice production. The volume of rice produced locally
has soared to eight million metric tons with the aim of attaining 18 million tons by 2023 [2]. Rice husk accounts for 20-
30% of the total weight of rice produced [3]. Another potential of waste that can be utilized as additional raw material
in briquette production is CS. CS biomass was initially considered as waste from its fruit production but nowadays has
been wielded as a raw material in the process of activated charcoal-making. As to 2016, Nigeria produced 283,774 Mt
of coconut which increased to 288,615 Mt in 2018 [4]. The calorific value of the coconut shell is 20890 kJ/kg, which
still revolves around the low biomass calorific value range [5].

Biomass is one promising renewable energy resource that can be used directly or indirectly [6]. The incomplete
combustion of biomass can produce CO, SO,, NO,, fluorine, suspended particulate matter, and other harmful products
within the home. These compounds are often many times more concentrated than recommended health standards
and may exceed pollution levels of the most polluted industrial cities. Additionally, intensive fuel wood and charcoal
production contribute to ecological deterioration once unsustainably harvested. Biomass briquette developed from
agricultural waste alleviate the troubles and could be a potential supply of renewable energy due to the sustainability
of the resource, positive impact on the surroundings, reduced transportation, collection, and storage costs. There have
been reports on briquetting of non-pretreated agricultural wastes through an extrusion and carbonized biomass which is
generally converted to a briquette form. Also, sawdust, rice husk, cotton stalk, and hazelnut shell charcoal [7] have been
experimentally studied. Some reports [8] indicate that mechanical and physical properties of the charcoal briquette are
influenced by many parameters, such as die pressure, dwell time, charcoal particle size, and binder type.

Both RH and CS exhibit superior physical and mechanical properties that can be utilized more effectively in the
development of composite materials for various applications. The calorific value of RH is 13,807.2 kJ/kg [9] while that
of CS is still low, thereby engendering the need for a method to increase the calorific value of both RH and CS. Their
calorific values could be created by making briquettes from the mix of the two as the main ingredients. The process
of fabricating the briquettes is by pyrolysis of rice husk and coconut shell at temperatures of 400 to 450 °C. Thus the
pyrolysis can create top-notch charcoal so that the briquettes can have high calorific values.

In the current work, a briquette has been developed from RH and CS. The physical, proximate, and ultimate
analysis of the briquettes were carried out. This is expected to be alternative energy that will replace costly fossil fuel
and result in good biomass fuels that can meet the standard criteria of briquettes formation for efficient burning to
release sufficient heat energy as fuel for domestic and industrial purposes.

2. Experimental procedure

The materials used in this work were RH, CS, and binder (cormart starch). The RH and CS were obtained locally
from Dariya Rice processing mill Kakuri and Railway Station Market, Kaduna State, Nigeria. An investigation carried
out revealed that approximately 11.5 tons of rice were ground every day in the Kakuri market, which gave the insight
that abundant rice husks are in the area. The sampled RH and CS were cleaned and dried under the sun for about 3 to
4 days in order to reduce the moisture content as well as physical contaminants such as dirt, dust, and mud. A Cormart
renewal starch was used with ordinary water. It is a starch that is commonly used in most Nigerian households. It is
modified starch with fragrance produced by CORMART (NIGERIA) Limited, Lagos, Nigeria.

The experimental steps involved in the briquette fabrication have been described in the sections described below.
These include carbonization, briquettes fabrication and characterization. RH and CS were fed to a retort with 5 kg
capacity. The RH and CS were carbonized at temperature 450 °C for 4 h in a furnace in order to produce charcoal. The
fully carbonized material was collected for further processing. The carbonized RH and CS charcoals were crushed with
a blender to smaller particles and sieved using ASTM Standard with a 710-micrometre mesh to obtain uniformity in the
particle sizes. Thereafter, the samples were properly mixed at the nominal mass mixing ratios of rice husk-coconut shell:
50 : 50, 60 : 40, 70 : 30, 80 : 20, and 90 : 10. Thereafter, the Cormart starch was used as a binder and added to each
component of the mixture. The final mixture was poured into the dough and stirred until fully blended. Table 1 shows a
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summary of the mass ratios (%) used for the experiment.

Table 1. Rice husk and coconut shell charcoal briquettes nominal compositions

SIN 1 2 3 4 5 6 7
Rice Husk (RH) (%) 100 0 50 60 70 80 90
Coconut Shell (CS) (%) 0 100 50 40 30 20 10

The briquettes were fabricated by setting up the dough into a cylindrical mould with a dimension of 2 cm by 2 cm.
They were subsequently briquetted at room temperature in a hydraulic-powered printing machine. The briquettes were
placed in a tray and sun-dried for 4 days. The dried briquettes were packed in a tightly closed plastic bag to keep them
dry. The flow chart of the sample preparation process is shown in Figure 1.

Raw
materials
preparation

Carbonization Drying
Briquetting

process

Characterization

Figure 1. Flow chart for the sample preparation

Crushing
and sieving

2.1 Characterization

Characterization of briquettes was conducted using physical, proximate, and calorific value test, Fourier Transform
Infrared (FTIR) spectrometry. The instrumentation used include Bomb calorimeter (6100 Compensate Calorimeter,
U.S.A)), graduated cylinder, hydraulic compression, hot plate, thermometer, Shimadzu-8400s FTIR Spectrophotometer
(Japan), oven with the crucible, digital balance, 710-micrometre mesh sieve, retort and blender.

2.1.1 Moisture content determination

The process involved the determination of the water content of the material by drying the sample to a constant
mass at a specified temperature. A Qlink oven model QOT, no. LB049A02-01, rated voltage 230 V with a power of 1,200
W at frequency 50 Hz was used to maintain the temperature of 110 + 5 °C. A balance with a sensitivity of up to 0.1%
of the mass of the test sample, and with a capacity equal to, or greater than the wet mass of the sample to be tested was
used for the measurements. A specific quantity of the moist sample based on the maximum particle size was weighed
and recorded as “wet weight of sample”, and then placed in a crucible of known mass and then transferred to an oven
for drying. The drying process was maintained until a constant mass was attained at a temperature of 110 £ 5 °C after
which the sample was brought out and allowed to cool. The weight of the cooled sample was subsequently recorded
immediately as “dry weight of sample”. The moisture content was calculated using Eqn. (1) [10]:

initial weight of the sample — oven-dried weight of the sample

Moisture content = x100% (1

oven-dried weight of the sample
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2.1.2 Ash content

The samples were weighed in a ceramic crucible and placed in an electric muffle furnace. As alkali oxides are
volatile at high temperatures, the temperature was kept at 550 °C for all the samples for 3 h. The sample was removed
from the furnace and the ceramic crucible was allowed to cool. The crucible containing the ash was weighed and the ash
content of each sample was determined by the difference between the crucible before and after heating. The percentage
quantity of ash was determined by the formula given in Eqn. (2) [11]:

Ash content = 2" 5 100% )
W,

where w, = initial weight of the empty crucible;
w, = sample weight;
w; = final weight of the sample and crucible.

2.1.3 Calorific value

The total heat released by the briquette when complete combustion occurred is called the calorific value. The direct
determination of calorific values was determined using a Parr Oxygen bomb calorimeter (Parr instrument company,
6100 Calorimeter, U.S.A.) as shown in Figure 2. 1 g of the sample was weighed using a digital balance. The sample was
charged into an oxygen bomb vessel in which the combustible charges can be burnt. The connecting tube that supplied
the oxygen was removed and the bomb calorimeter containing the oxygen with the sample was connected with an
electrode to provide ignition current to a fuse wire which was submerged into a bucket containing water of about 2 litres
in the calorimeter. An electrode was connected directly onto the vessel while the bomb and the bucket were held into
the calorimeter jacket to serve as a thermal shield as shown in Figure 2. The setup was allowed to warm for a period of
about 6 to 7 min for the combustion to take place. The calorific values of the samples were calculated by using Eqn. (3):

C
HCV = (MM )X (T, +T,-T,)X %@ +2.6 )

where M, and M, are mass of water in the copper calorimeter and water equivalent of a bomb calorimeter, respectively.
M, is the mass of the fuel sample whose calorific value is to be determined. 7, and T, are the final and initial
temperatures of the water sample. 7, is temperature correction for radiation losses, C,, is the specific heat capacity of
water. The result can be displayed in either unit of MJ/kg or Cal/g. This procedure was repeated for all the samples.

(a) (b) (©)
Figure 2. (a) Crucible with electrodes connected to fuse where combustion takes place in the bomb; (b) the bomb where the crucible and electrodes

which are in contact with the fuse are situated; (c) the bomb calorimeter contains a thick-walled cylindrical vessel and consists of the lid which
support two electrodes that are in contact with the fuse and fuel samples of known weight
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2.1.4 Density measurement

The density was measured using Archimede’s principle. The mass of the sample was measured and recorded with
a mass balance. Water was added into a graduated cylinder with the volume marking recorded as V. The fine powder of
the sample was added to the water in the cylinder and the new volume was recorded as V,. The difference between the
initial (V,) and final volumes (V,) is the volume of the sample. To get the density p of the sample, the measured mass of
the sample was divided by this volume difference. This is represented by Eqn. (4):

mass of the sample m
: == o

actual volume %

2.1.5 Fourier Transform Infrared (FTIR) spectrometry

Infra-red spectral analysis of the samples was performed using FTIR-8400S Fourier transform infra-red
spectrophotometer (Shimadzu, Japan) to identify the surface functional groups and fingerprints of the components of the
sample from the obtained spectrum. The sample was scanned with infrared radiation in the wavenumber range 4,000 cm’'
to 400 cm™' to obtain the spectrum.

3. Results and discussion
3.1 Briquettes properties

The RH, CS, and five different ratios of briquettes with compositions (RH: CS) of 50 : 50, 60 : 40, 70 : 30, 80 : 20,
and 90 : 10 were produced. The samples were analyzed for ash content with reference to ASTM D-3174, moisture

content with reference to ASTM D-3174 and calorific value with reference to ASTM D-2015, and density. Table 2
shows the results of the physical properties of the briquettes produced.

Table 2. Physical properties of briquettes

S/No Sample ID Sampl(c::g ;)Veight CalEJI{/iIfJi/ck\gf)alue Moistu(roz ;:ontent Ash(i;:;ltent l()gc;l;rsrllg})/
1 RH 0.5 16.5101 16 38 1.50
2 CS 0.5 18.6011 10 26 3.00
3 50:50 0.5 14.7715 12 31 1.50
4 60 : 40 0.5 17.3248 10 27 2.00
5 70 : 30 0.5 16.0148 10 36 2.00
6 80:20 0.5 15.4181 10 33 3.00
7 90:10 0.5 17.8543 14 32 3.00

3.2 Moisture content

The moisture content of each briquette is shown in Figure 2. It shows that the moisture content of RH is
16%, which is higher than the value of 12.6% reported by other researchers [12], and in excess of the limit of 15%
recommended for briquetting of agro-residues [13], while the CS briquette has 10%. The moisture contents of 50 : 50,
60 : 40, 70 : 30, 80 : 20, and 90 : 10, RH and CS are in the range of 10 to 14%. The difference in moisture contents in
50 : 50, 60 : 40, 70 : 30, 80 : 20, and 90 : 10 briquettes can be attributed to the unequal composition of the RH and CS
charcoal mixture. The results show that the moisture contents of CS and 60 : 40, 70 : 30, 80 : 20 have the same value
of 10%, which is 1% higher than that reported [14]. The lower moisture content of 10% is attributed to increased RH
content in the mixture. These results are in agreement with recommendations of 5-10% moisture content for good
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quality briquettes [15] and indicate that the briquettes are appropriate for utilization as an alternative energy source.
Figure 3 is a summary of the comparison of the briquettes in terms of their moisture contents using a bar chart.

I Mositure content

Moisture content (%)
=

RH CS 50:50 60:40 70:30  80:20 90:10
Briquette

Figure 3. Bar chart of moisture content of mixed charcoal briquettes

3.3 Ash content

Figure 4 shows the ash contents of different mixed charcoal briquettes with their various mixing ratios. The values
of the ash contents ranged from 26-38%, with RH and CS briquettes having the highest and lowest ash contents of 38
and 26%, respectively. In another study, the highest ash content was reported in a composite briquette of 100% rice husk
[16]. The 60 : 40 sample exhibited the highest ash content of 36% while the 70 : 30 had the lowest ash content of 27%,
amongst the compositions of RH and CS briquettes. The unequal composition of RH and CS contents resulted in the
variation of the ash contents in the briquettes. It can be observed from Figure 4 that the higher the ash contents the lower
the calorific values of the briquettes. CS with ash content of 26% has a higher calorific value of 18.6 MJ/kg. Ash content

is inversely proportional to calorific value [17]. Ash is an incombustible material that will partake in the chemical
reaction in the combustion process.

I Ash content

40
g |
2 30
Q
= i
3
= 20
< |

10

0

RH Cs 50:50 60:40 70:30 80:20 90:10
Briquette

Figure 4. Bar chart of Ash content of different mixed charcoal briquettes

3.4 Calorific value

The calorific values of RH, CS, and different mixed charcoal briquettes with various mixing ratios are shown in
Figure 5. The calorific values are in the range 14 to 7 MJ/kg with CS and 90 : 10 briquettes having the highest and
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lowest calorific values of 18.6 011 MJ/kg and 14.7715 MJ/kg, respectively. CS’s calorific value is higher than
13.0 MJ/kg reported by some workers [18]. The calculated calorific values compared well with those of the American
Standard of Testing Materials (ASTM) and those that have been widely reported in the literature which is in the range
17 to 21 MJ/kg [19]. The results also compare well with the data reported [19] using elephant grass and spear grass
samples. However, the result obtained for 50 : 50 and 80 : 20 are lower than those of 20.7 MJ/kg and 17.3 MJ/kg for
the same composition reported in the literature [20]. It was also observed that the briquettes at 60 : 40 and 90 : 10 have
higher calorific values when compared with those that have been widely reported which are in the range 17 to 21 MJ/kg for
biomass materials. These imply that they have more heating advantages and will be suitable for alternative solid fuel.

20 ] I Calorific value

Calorific value (MJ/kg)
)
l

RH CS 50:50 60:40 70:30  80:20 90:10
Briquette

Figure 5. Bar chart of calorific value of different mixed charcoal briquettes

3.5 Density measurements

The physical properties of the RH, CS, and mixed charcoal briquettes were measured using the density. The actual
and measured densities of the samples are presented in Table 3 while the bar chart is depicted in Figure 6. The measured
density ranged from 1.5 g/cm’ to 3.0 g/cm’ and shows that CS is the densest, and in theory, ought to have the highest
energy content. The RH density of 1.5 g/cm’ is greater than that of 0.678 g/cm’ reported in the literature [20]. On the
other hand, RH and the briquettes prepared at 50 : 50 are the lowest and hence have low energy contents. The density
of a material varies with temperature and pressure, which is typically small for solids and liquids but larger for gases.
Increasing the pressure on an object decreases the volume of the object and increases its density. But increasing the
temperature of a substance (generally) decreases its density by increasing its volume. These account for the reason why
low-density biomass briquettes usually have low energy densities. However, the low energy density of an RH briquette
is equally enhanced by mixing it with CS which has a higher density than the RH. Some workers [21] reported an
average density of CS : RH briquettes mixture ratio of 50 : 50 and 80 : 20 as 0.81 and 0.77 g/cm’, respectively, which
are comparatively lower than the values obtained in the present work. It is observed that the density at the ratio 90 : 10
is the same as the pristine CS value; this is partly due to the high density of CS, comparatively.
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Table 3. Density of the briquette of different mass ratios

S/No Sample ID Sample weight (g) Sample volume (cm?) Density (g/cm?)
1 Rice husk 3.00 2.00 1.50
2 Coconut shell 3.00 1.00 3.00
3 50:50 3.00 2.00 1.50
4 60:40 3.00 1.50 2.00
5 70:30 3.00 1.50 2.00
6 80:20 3.00 1.00 3.00
7 90:10 3.00 1.00 3.00

3.0 1 [ Density
2.5
~ 2.0+
= ]
2
g 1.5 A
2
2 1.0 5
Q
[a) 4
0.5 5
0.0
RH CS 50:50 60:40 70:30  80:20 90:10
Briquette

Figure 6. Bar chart of density profile of different mixed charcoal briquettes

3.6 Fourier transform infrared spectroscopy

The FTIR spectra of CS and RH are shown in Figures 7 and 8, respectively. The main composition of CS consists
of alcohol, amides, carboxylic acid, alkenes, alkyl halides, and ethers. These organic materials contain functional groups
such as O-H, N-H, C, C O, C-F, C-0O, C-O-C, and C-I (Table 4 and 5). According to Figure 7, the band at 3,399.65 cm™
indicates the presence of stretching and symmetric stretching vibration of O-H and N-H for alcohols, carboxylic acid,
and amides, respectively [22] and points to dehydration of cellulose and lignin components. The bands at 2,932.86 cm’'
belong to stretching of C-H bonds [23], 1,649.19-1,650.16 cm™ (C = C stretching), [24], and 1,037.74-1,130.32 cm
(C-O-C asymmetry stretching). The peak at 678.00 cm™ is assigned to the bending vibration of the C-H bond [25], while
the further drop in the band to 406.03-417.60 cm™ (C-I stretching) indicated the involvement of alkyl halides with C"
stretching vibration as observed by other workers [26]. The shift in absorption bands of the functional groups in the RH
and CS samples showed that the chemical activation of the charcoal occurred.

Advanced Energy Conversion Materials 8 | Umaru Ahmadu, et al.



30

%T |
i e
25 = S i
N [sa)
) S ~ =
4 & 2 3] | a S N
4 wa =~ oo v ° =
— o o
- ¥ >
o
o

4500 4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
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Figure 8. FTIR spectra of RH showing the different bands of transmission

Table 4. FTIR spectra assignment on stretching and bending of the functional groups for CS

Functional groups Waviﬁ}nber Assignment and mode of vibration Intensity
Alcohols 3,399.65 O-H stretching s, broad
Amides asymmatic srtching wem
O-H stretching
Carboxylic acid s, broad
Alkenes 1,650.16 C = C stretching vw-m
Amides C = O stretching m-s, s, broad
N-H bending m-s
Alkyl halides 1,037.74 C-F stretching Vs
Alcohols C-O stretching m-s
Ethers “asymmetde setohing. ms
Alkyl halides 406.03 C-I stretching S
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Table 5. FTIR spectra assignment on stretching and bending of the functional groups for RH

Functional groups Wavz;q]mber Assignment and mode of vibration Intensity
Alcohols 3,396.76 O-H stretching s, broad
Amides N-H symmetric stretching w-m

Alkanes and alkyls 2,932.86 C-H stretching S
Alkenes 1,649.19 C-C stretching vw-m, S
Amides C-O stretching broad, m-s
Alcohols 1,130.32 C-O stretching m-s
Alkynes 678.00 = C-H bending s, broad

Alkyl halides 417.60 C-I stretching S

3.7 Relationship between calorific value, moisture and ash contents of the samples

The results obtained for the calorific value, moisture, and ash contents of the samples are shown in Figure 9. It
was found that RH and CS have calorific values of 16.51 MJ/kg, and 18.6011 MJ/kg, moisture contents of 16%, and
10% ash contents of 38% and 26%, respectively, before briquetting. The experimental results show that the calorific
values ranged from 14.77 MJ/kg to 17.85 MJ/kg, moisture contents ranged from 10% to 14% and the ash contents from
27% to 36%, respectively, after briquetting. The results obtained for the experimental and calculated calorific values
before and after briquetting of the samples are in good agreement. The experiments were performed using five different
briquette ratios at a constant mesh size of 710 pm. Comparison between the calorific value, moisture and ash contents
of the RH and CS are presented in Figure 9. It is evident that the calorific value of the sample is not linearly dependent
on the moisture and ash contents, rather, it is directly related to their total carbon contents, i.c., the higher the carbon
content of plant biomass the higher the heat energy to do useful work [19]. Some workers [23] reported a calorific value of
19.951 kJ/kg for a combination of 50% coconut shell (25%) corn cob (25%) sugarcane bagasse, compared to coconut
shell charcoal’s 21.693 kJ/kg. Other workers [24] reported ash and coconut moisture contents of 10.37% and 1.56%,
respectively; while rice husks show ash and moisture contents of 15.63% and 7.38%, respectively. The fixed carbon
content represents the combustible material present in the charcoal residue after the loss of moisture and volatile matter.
Carbon and Oxygen contents are important in biomass energy analysis. High oxygen content tends to lower calorific
value while high carbon content tends to form high-grade biomass fuel [19].

= ] I Calorific value (MJ/kg)
40 I Moisture content (%)
g I Ash content (%)

35 4 [ Density

30 4

25 4

20 4

15 4

10 4

5 4

0

RH CS 50:50 60:40 70:30 80:20 90:10

Briquette

Figure 9. A chart of calorific value, moisture and ash contents of the samples with different mixtures of rice husk and coconut shell
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4. Conclusion

In this work, the briquettes of RH, CS and their respective mixture ratios were fabricated and proximate tests,
calorific energy values, density measurements, and Fourier Transform Infrared Spectroscopy (FTIR) analyses were
investigated. It was found that the CS has the highest calorific value, low moisture and ash contents. Similarly, it was
observed that RH and CS mixtures and the briquettes at 60 : 40 and 90 : 10 of RH to CS ratios had enhanced calorific
values. These results compare well with those of the American Standard of Testing Materials (ASTM) and those
reported in the literature in the acceptable range of 17 to 21 MJ/kg and imply that they have more heating advantages
and more competitive compared to conventional solid fuels. Further, the results showed that the calorific values of
the five briquette ratios were not a function of their moisture and ash contents, rather their total carbon contents. The
chemical compositions of the briquette samples via various peak frequencies of functional groups were confirmed by
the FTIR analysis.
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