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Introduction 

Background of the Study  

he availability of petroleum products (fuel) 

such as diesel, kerosene and liquefied 

natural gas are sometime scarce and costly 

in Nigeria. Consequently, charcoal mostly gotten 

from wood is sometimes the available alternative. 

However, the production of charcoal is not 

environmentally friendly and cutting of trees lead 

to deforestation that often results to soil erosion, 

flood and global warming. Biomass(agricultural 

wastes) are found abundantly in many parts of 

Nigeria which can serve as an alternative source of 

energy for domestic cooking and small scale 

industries both in rural and urban areas in Nigeria 

when properly and adequately prepared and 

characterised. 

Biomass has been used as a source of energy all 

over the world, which produced by green plants 

converting sunlight into plant material through 

photosynthesis. It provides basic energy 
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requirement for cooking a 

nd heating for rural 

households and in a variety 

of traditional industries in 

developing countries. In 

general, the energy used in 

such cases is characterized 

by low efficiency. 

Agricultural residue could 

potentially provide a much 

more extensive energy 

service than at present if 

they are used efficiently 

(Bhattacharya and Abdul- 

Salam, 2002). 

Biomass is as a sustainable 

energy source with carbon 

(iv)oxide (CO2) 

neutralization potential, 

and only organic petroleum 

substitute, which is 

renewable. It also helps the 

atmospheric (CO2) recycling 

and does not contribute to 

the greenhouse effect 

(Demirbas, 2010). Rice is the 

second most consuming 

food item worldwide, with 

annual global demand of 

approximately 471 million 

and means per capital 

consumption around 57kg 

per year(FAO, 2012). 

Accounting for roughly 20% 

of the bulk grain, rice husk 

a sieve mesh. Thereafter the samples 

were properly mixed with a binder made 

from gum Arabic and obtained seven 

different ratios of rice and wheat husks 

RH:WH ( 100:0, 90:10, 80:20, 70:30, 

60:40, 50:50, 0:100). The ash content, 

moisture content, bulk density, volatile 

matter, fixed carbon and calorific values 

were determined. The experimental 

results show that the ash content ranged 

from 8.60 % to 12.01 %, moisture content 

ranged from 28.01 % to 42.97 %, bulk 

density ranged from 0.30 g/cm3 to 0.33 

g/cm3, respectively after briquetting, 

FTIR spectra of the composite briquettes 

revealed the participation and presence 

of –NH2, -NH, -CO, -COO, -OH, -CH3, SO2. 

The results obtained for the calculated 

calorific values of the composite 

briquette revealed that the calculated 

values compared well with those of the 

American Standard of Testing Materials 

(ASTM) and is also in accordance with 

the reported values in the acceptable 

range of 17 MJ/kg to 21 MJ/kg. It was 

discovered that the briquette at 60:40 

and 90:10 of rice and wheat husks have 

the highest calorific values and implies 

that they have more heating advantage 

and are therefore recommended as an 

alternative fuel to contend with the 

conventional fuel (charcoal and 

firewood). 
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(RH) is the most representative by-product of industrial processing of 

rice. Formed during grain growth, this protecting coat presents low-

density and large volume. Rice husk (RH) layers are of four types: 

structural, fibrous, sponge-like, and cellule. Main constituents of RH 

include cellulose (50%), lignin (30%), and organic compounds (20%). The 

organic fraction contains between 95 % and 98 % on average of 

amorphous hydrated silica by weight the rice husk has very poor 

nutritional value and high silica content, which discourages its reuse in 

the rice production sector (Lim et al., 2012). Fig 1.1 shows the image of 

rice husk. 

 

 
Fig 1.1 Rice Husk (source: www.indiamart.com) 

 

The wheat husk contains mainly carbon, oxygen, and small amount of 

silicon, potassium, sulphur, phosphorous, magnesium and chlorine. 

Wheat husk and rice husk show a higher proportion of carbon atom as 

compared to soft wood fibre. On the other hand wheat husk has higher 

proportion of carbon compared to coconut shell (Andrzej et al., 2010). 

The higher proportion of carbon in fibre can be attributed to the 

presence of hydrocarbon rich waxy coating on the cuticle of fibre and 
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lignin present on the surface. Wheat husk contain a little proportion of 

silicon with compared to soft wood. 

 

 
Fig 1.2 Wheat Husk (source: www.indiamart.com) 

 

Rice husk and wheat husk are low cost attractive to current cooking 

methods, which substitute convectional cooking fuel. By utilizing our 

abundant agricultural residues, families can reduce the amount of 

firewood, charcoal and liquefied natural gas burn, which subsequently 

increases household income and improves household air quality. Rice 

husk and wheat husk are most low cost and low density materials 

available in large quantities as solid bye product. Both rice husk and 

wheat husk exhibit superior physical and mechanical properties that can 

be utilized more effectively in the development of composite materials 

for various applications.  

 

MATERIALS AND METHODS 

Collection of rice and wheat husks 

Two selected samples from agricultural waste (rice husk and wheat 

husk) that locally produced in Nigeria were obtained. Rice husk was 

obtained from rice processing mill industry at arugungu area in 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
55 

BUILT ENVIRONMENT & EARTH SCIENCE VOL.6 

ISSN: 1881-2167 

kontagora Niger state and wheat husk was obtained from wheat depot 

at new market in kontagora.  

 
Fig. 2.1  Flow chart for the preparation and characterisation of composite 

briquette. 

 

Determination of Composite of fuel briquette 

The homogenous and composite of the fuel briquette can be achieved 

through grinding of the samples into powder. The sample was sieved 

under the same condition because calorific value of a biomass depends 

on the particle size (710µm). The smaller the particles size of the 

briquette higher the calorific value. The samples were properly mixed 

together with the mass ratio of the sample (100:0, 90:10, 80:20, 70:30, 

60:40, 50:50 and 0:100) Rice Husk(RH) to Wheat Husk(WH) respectively 

for the characterization in order to determine which ratio has the heating 

value (calorific value). The binder was made from Arabic gum to be used 

as binding agent of the mixture. 

 

The specific measure for characterizing composite briquette 

Determination of Moisture Content  

The moisture content analysis was done in the Centre for Genetic 

Engineering and Biotechnology at Federal University of Technology 

Minna, Niger state. The sample was determined the water content of the 
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material by drying the sample to a constant mass at a specific 

temperature. However, a balance or scale sensitive to 0.1% of the mass 

of the sample having a capacity equal to, greater than, the wet mass of 

the sample was tested. The specific quantity of the moist sample based 

on the maximum particle size was weighed and recorded immediately as 

wet weight of the sample, the quantity of sample was then placed in a 

crucible of know mass. The sample in a crucible was transferred to 

thermgravimetric analyzer (TGA) for drying. The drying process of the 

wet sample to a constant weight was maintained at temperature of 

115±5°C, then after some time, the sample was brought out and allowed 

to cool, and thereafter the weight of the cooled sample was measured 

and recorded immediately as dry weight sample. The moisture content 

will then calculated as follows (Rbeck, 1999). 

% 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =  
𝑊𝑚−𝐷𝑚

𝐷𝑚
× 100                                                      (2.1) 

Where Wm is mass of water in the sample 

Dm is dry mass of the sample 

 

Determination of Ash Content 

This process was carried out in the Centre for Genetic Engineering and 
Biotechnology at Federal University of Technology Minna, Niger state. 
0.5g of sample was weighed in a ceramic crucible and then placed on an 
electric muffle furnace at the constant temperature (105°C). This process 
was allowed to take place for three hours. After three hours, the furnace 
was off and the ceramic crucible containing the ash was also allowed to 
cool down. The crucible containing the ash was weighed and then, ash 
content of each of the samples was determined by the difference 
between the crucible before and after heating. The percentage of Ash 
content (%AC) was calculated as: weight of ash before heating (W1)/ 
weight of ash after heating (W2)×100 
 

%Ash Content = 
𝑊1

𝑊2
×100                                                                                                     (2.2) 

 

Determination of calorific value  

The bomb measurement was based on the oxygen depletion calorimetry 

which relies on the 1108 oxygen through the system. In the process the 

mass loss rate is converted into energy. The direct determination of 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
57 

BUILT ENVIRONMENT & EARTH SCIENCE VOL.6 

ISSN: 1881-2167 

calorific values was made by using bomb calorimeter. The experiment 

was carried out at centre research institute, university of Ilorin, kwara 

state, Nigeria. 

The determination of calorific value was arranged and selected in the 

display unit of the bomb calorimeter,0.5g of the sample was weighed 

using digital balance, the sample must not more than 1g for the correct 

value otherwise the value of the sample might not be accurate during 

the process. The sample was charged into oxygen bomb vessel in which 

the combustible charges can be burnt, and the oxygen bomb vessel was 

filled up with oxygen for the combustible to take place. The connecting 

tube that supplies the oxygen was then removed and bomb containing 

the oxygen with the sample was connected with an electrode to provide 

ignition current to a fuse wire which was then submerged into the bucket 

containing water for about 2 litres in the calorimeter. The electrode was 

then connected directly onto the vessel while the bomb and the bucket 

were held into the calorimeter jacket to serve as a thermal shield. The 

sample holder with the sample weigh was inputted inside the machine, 

and then the machine was on for the process to take place. The machine 

was allowed for a time period of 6 to 7 minutes for the combustion to 

take place, and then the result was displayed in the display unit in cal/g 

which later converted to MJ/kg by method applied. The procedure was 

repeated for the whole samples. 

Conversion method from cal/g to MJ/kg: 1cal/g =0.0041868MJ/kg  

 

Density Measurement:   

The density test was done in the laboratory Centre for Genetic 

Engineering and Biotechnology at Federal University of Technology 

Minna Niger state. The actual mass of the sample was measured and 

recorded with the balancing scale (digital balance). To obtain the actual 

density (ρ) of the sample, the measured mass of the sample was divided 

by the volume difference. 

The actual mass of the sample was measured and recorded with digital 

balance. 6cm3 water was added into a calibrated cylinder with a volume 

marking recorded as V1 (initial volume). The fine powder of the sample 

was then submerged into the water in the cylinder and the new volume 
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was also recorded as V2 (final volume). The difference between the initial 

volume (V1) and final volume (V2) was given the actual density (ρ) of the 

sample. Density value was estimated using equation (Imeh, et al., 2017). 

 

Fixed carbon: 

Fixed carbon is the solid combustible residue that remains after a coal 

particle is heated and the volatile matter is expelled. The fixed carbon 

content of the sample was determined by subtracting the percentages 

of moisture content, ash content and volatile matter. The percentage of 

fixed carbon (FC) was calculated as (Ogwu, et al., 2014): 

%FC = 100% - (%AC + %MC + %VM)                                                                          (3.3) 

 

Volatile matter: 

Volatile matter was the amount of heat released when the sample of 7.5 

g was heated up to 550°C in crucible with oven dry weight in the furnace 

for 10mins. Volatile matter depend on the loss of weight in relation with 

the moisture content, it composed of hydrocarbons and gases. The 

percentage of volatile matter was calculated as (Ogwu, et al., 2014): 

 

%VM = 
𝑊1−𝑊2

𝑊1
× 100                                                                                                             (3.4) 

 

Where w1 is weight of the sample before heating 

          w2 is weight of the sample after heating 

 

Fourier-Transform Infrared Spectroscopy (FTIR) 

The Fourier Transform Infrared spectroscopy (FTIR) analysis was carried 

out at Agilent technology, 288B corporation driver, Dolphin Estate, Ikoyi. 

Lagos, Nigeria.  Fourier Transform Infrared (FTIR) spectroscopy is base 

on the idea of the interference of radiation between two beams to yield 

an interferogram. The latter is a signal produced as a function of the 

change of path length between the two beams. The two domains of 

distance and frequency are inter-convertible by the mathematical 

method of Fourier- transformation. The radiation emerging from the 

source passed through interferometer and the sample before reaching 

the detector. The output signal is amplified in which high-frequency 
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contributions are eliminated by filter; the data are converted to digital 

form by an analog-to-digital converter and transferred to the computer 

for Fourier transformation (Barbara, 2004). FTIR spectra were measured 

using Happ-Genzel and samples were obtained in the range of 4000 cm-1 

to 600 cm-1 as shown in fig 4.1 and 4.2. The sample holder was cleaned 

with acetone thoroughly in order to avoid sample contamination and 

then quantity of the sample was placed on the measurement cell of the 

spectrometer. The sample device called an interferometer was used to 

identify samples by producing an optical signal with all the IR frequencies 

encoded into it. Each spike (absorption band) in the Infrared radiation 

spectrum represents absorption of energy (Javed, et al., 2011). 

 

RESULTS AND DISCUSSION 

The FTIR spectrometer engages the use of an interferometer, 

interference of radiation between two beams to yield an interferogram, 

produced as a function of the change in path-length between the two 

beams. The output signal is amplified in which high-frequency 

contributions are eliminated by filter; the data are converted to digital 

form by an analogue-to-digital converter and transferred to the 

computer for Fourier-transformation. 

The main composition of wheat husk consists of Alcohols, Amides, 

Carboxylic acid, Alkenes, Alkyl halides, silicon and Ethers. These organic 

materials consisted functional group of O-H, N-H, C=O. C-F, C-O,=C-O-C 

and C-I. The classes of compounds contained in rice husk are Alcohols, 

Alkyl halides, Amides, Alkyls, Alkenes, Alkynes and Alkanes. The main 

functional groups present are O-H, C-H, C-C, C-O, ≡C-H and C-I (Jamilu et 

al, 2020, Kumar et al, 2014). The relationship between transmittance and 

wave number of the transmitted radiation for the composite samples 

was shown in Fig4.1 and Figure 4.2. It was observed that the bands 685.8 

cm-1 to 861.0 cm-1 belong to Si- H stretching vibration ( Javed et al, 2011). 

Bands between 1013.8 cm-1 and 1017.6 cm-1 indicated the present of Si- O- 

Si bending vibration. Bands at 1371.7 cm-1 to 1375.4 cm-1 indicated the 

presence of CH3/COO shifting vibration (Ji Zang et al, 2019). Band 1237 cm-

1, 1319.5 cm-1and 1632.6 cm-1belongs to CO and OH group stretching 

vibration and also indicated the presence of Alcohols and Carboxylic acid 
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respectively (Ji Zang et al, 2019). Band at1539.4 cm-1 belongs to amino 

group (presence of amides) (Huihui song, et al, 2019). Band 2922.2 cm-1 

indicated the presence C-H group bending vibration (Sarma et al, 2020). 

Bands from 3253.9 cm-1to 3257.7 cm-1 belong to O-H shifting vibration 

(Jamilu et al, 2020) as indicated in table 4.3. In respect to this explanation 

it shown that the values gotten from FTIR were correct. 

 

 
Figure 3.1 Relationship between transmittance and wave number of the 

transmitted radiation for the composite briquette 

 
Figure 3.2 Relationship between transmittance and wave number of the 

transmitted radiation for the composite briquette 
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Table 3.1 Wave number (cm-1) with respect to presence of functional 

group from FTIR spectra for composite briquette 

Wave number (cm-1) Functional group Mode of vibration 

3253.96593 Free and 

intermolecular –OH, 

Alcohols 

OH stretch 

2925.96020 CH2And CH3In Aliphatic 

Compound, Alkens, 

Alkynes 

CH antisym and asym 

stretch 

1632.57397 CO and NH2 in primary 

amides 

CO stretch 

1375.38766 COO-group in 

carboxylic acid 

Antisym stretch 

1237.47616 Hydrated sulphonic 

acid 

SO3 stretch 

1013.83589 Si-O-Si Si stretch 

861. 01504 Si-H in vinyl 

compounds 

CH2 bending 

 

DENSITY MEASUREMENTS 

The actual and measured densities of the sample are presented in 4.4. 

The measured density for the briquettes ranged between 0.26 g/cm3 to 

0.33 g/cm3.  Briquette at 60:40 and 90:10 has the density of 0.30 g/cm3 

and 0.32 g/cm3 respectively. The density of 60:40 has the highest fixed 

carbon, followed by 90:10 with higher in moisture and ash contents. It 

appears from the result that composite briquette at density of 60:40 and 

90:10 has high mass per unit volume and also has high energy content or 

heating value (calorific value) (Imeh, et al., 2017). 

 

Table 3.2:  Calculated density for the sample composites  

S/NO Sample ID Sample 

weight (g) 

Sample 

volume 

(cm3) 

Density 

(g/cm3) 

1 

2 

Wheat husk 

Rice husk 

3.00 

3.00 

9.77 

11.72 

0.30 

0.26 
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3 

4 

5 

6 

7 

50:50 

60:40 

70:30 

80:20 

90:10 

3.00 

3.00 

3.00 

3.00 

3.00 

10.79 

10.68 

9.46 

8.96 

9.29 

0.28 

0.30 

0.30 

0.33 

0.32 

 

Relationship between calorific value, moisture content and ash content 

of the samples 

The effect of particles size on the measured heating values of biomasses 

was investigated by Ismail (2012) using different mesh size. The 

investigation shows that the smaller the size of the particles the stronger 

the density and the higher the calorific values of the samples. 

The results obtained for the calorific value, moisture and ash contents of 

the samples are presented in Tables 4.4 to 4.6. The high heating value 

(calorific value) is measured directly with bomb calorimeter. It was found 

that rice and wheat husks have calorific value of 16.51 MJ/kg to 18.24 

MJ/kg, moisture content of 28.01% to 38.11% and ash content of 12.01% to 

11.63% respectively before briquetting. The analysis results show that the 

calorific value ranges from 14.53 MJ/kg to 17.54 MJ/kg, moisture content 

ranges from 39.10% to 42.85% and ash content ranges from 8.60% to 

12.04% respectively after briquetting. The result obtained from this 

analysis and calculated calorific value before and after briquetting of the 

samples show good agreement with that of the American Standard of 

Testing Materials (ASTM) of the calorific value range from 17 to 21 MJ/kg 

(Imeh, et al.,2017). It was observed that the composite briquette at 60:40 

and 90:10 of rice and wheat husks has the better calorific values when 

compared with the American Standard of Testing Materials range 17-21 

MJ/kg for biomass. This shows that 60:40 and 90:10 composite 

briquettes have high heating advantage and is therefore recommended 

as an alternative fuel for domestic use to compete with the conventional 

fuel. Comparison between the calorific value, moisture and ash contents 

of the rice and wheat husks samples were made as presented in Table 

4.7. From the table, the calorific value of the composite briquette formed 

at 60:40 is greater than the composite briquette formed at 90:10, while 

moisture content and ash content at 60:40 is greater than that at 90:10. 
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In the way the calorific value obtained from composite briquette at 50:50 

is less than that obtained at 90:10 but their moisture and ash contents 

differs, also the calorific value obtained from composite briquette at 

70:30 is less than that at 50:50 while the moisture content and the ash 

content differs too. This is an evidence that the calorific value of the 

sample do not dependent on their moisture and ash contents but directly 

related to their total fixed carbon content, which means the higher the 

fixed carbon content of plant biomass the higher the energy (Imeh., et 

al, 2017). 

 

Table 3.3: Comparison between the calorific value, moisture and ash 

contents of the samples  

S/NO Sample 

ID 

Sample 

weight 

(g) 

Moisture 

content 

(%) 

Ash 

content 

(%) 

Calorific 

value 

(MJ/kg) 

1 Rice husk 0.5 28.01 12.01 16.51 

2 Wheat 

husk 

0.5 28.11 11.63 18.24 

3 R/W 

(50:50) 

0.5 41.81 8.60 16.93 

4 R/W 

(60:40) 

0.5 42.15 12.04 17.54 

5 R/W 

(70:30) 

0.5 41.40 10.00 15.93 

6 R/W 

(80:20) 

0.5 42.85 8.66 14.53 

7 R/W 

(90:10) 

0.5 39.10 11.83 17.05 

  

CONCLUSION  

The suggested methodology to analysis the composite briquette (rice 

husk with wheat husk) was the effort to provide an affordable 

alternative fuel for domestic use to rural and urban household in Nigeria. 

It was discovered that rice husk and wheat husk have calorific value of 

16.51 MJ/kg and 18.24 MJ/kg respectively, density of 0.26 g/cm3and 0.31 
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g/cm3, moisture content of 28.01 % and 38.11 % and ash content of 12.01 % 

and 11.63 % respectively before briquetting. The experimental results 

prove that the calorific values ranged from 17MJ/kg to 21MJ/kg are widely 

acceptable (Imeh, et al., 2017). The results obtained from analysis done 

shows that the composite briquette (R:W) of 60:40 and 90:10 calorific 

values falls within the acceptable value 17.54 MJ/kg and 17.05 MJ/kg 

respectively (Jamilu, et al., 2020) FTIR spectra of the composite 

briquettes revealed the participation and presence of –NH2, -NH, -CO, -

COO, -OH, -CH3, SO2 (Sarma, et al., 2014). The biomass sample of rice and 

wheat husks can be use as alternative fuel for domestic cooking in both 

rural and urban household in Nigeria.  
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