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Abstract. This paper presents the mechanical and thermal characteristics evaluation 

of maize husk briquette as an alternative energy source to enhance sustainability and 

efficiency. The experimental test conducted for a 0.6kg weight of briquette showed the 

volatility and moisture content to have a mean value of 62.52 and 0.27%; while the 

compressive strength was revealed to be 3.06k N/m2. The thermal evaluation showed that 

the mean burn temperature of the maize husk briquette rose from 70.70oC to 83.34oC in 8 

minutes, 98.72oC in 10 minutes and finally 100oC in 12 minutes; when compared to fire 

wood which burns slowly from 46oC in 5 minutes, to 53oC in 9 minutes, 68oC in 10 

minutes, 82oC in 12 minutes, 94oC in 18 minutes and finally to 100oC in 21 minutes. 

Further, the comparative analysis result revealed that the maize husk briquette has more 

oxygen and nitrogen at 44.64 and 4.22%, compared to charcoal. It also has more ash 

content of 11.47% due to its volatility to burn effectively. On the other hand, the maize 

husk briquette has a low carbon and sulfur contents after burning at 43.55 and 0.051%. 

These findings will help address the disposal challenges of accumulated maize husk at and 

crop residues as an alternative sustainable source to meet green environmental and 

technological demands. 
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INTRODUCTION 

 

The use of wood is on the increase, and on a daily basis especially in the less 

technologically developed countries of the world.  
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With deforestation becoming a major problem in many parts of the developing world, the 

increased scarcity of fuelwood for household cooking, leaving kerosene and gas as the 

major cooking fuels. An estimated 3 billion people in our current estimated 7.63 billion 

people in the world rely on wood, kerosene, biomass, and coal for cooking in general, 

which has led to rapid deforestation and loss of more than 3% of the world’s forests on a 

yearly basis, [24]. The use of fuel wood in the large scale by especially the rural 

communities without same force of replenishing the depletion, poses serious 

environmental consequences in many countries and the world in general. Biomass fuels 

are long term potential sources of renewable energy, because of its abundant availability 

and CO2 neutral. Depending on the technology selection, biomass can be used as fuel in 

various forms; liquid, gas and solid. Also, biomass is an indispensable renewable resource, 

and having it in the form of wood and agricultural wastes constitute one of the third largest 

alternative source of primary energy in the world aside from coal and oil [3]. The common 

practice is to burn these residues as waste by recycling to ameliorate the accumulation of 

greenhouse gases. 

Consequently, there is an increasing need to source for alternative as it pertains to 

fuels, especially as it concerns cooking so as to reduce deforestation leading to the cutting 

of trees for the purpose of fuel wood. One of such energy sources is the use of biomass for 

briquette production through carbonized or un-carbonized densification and manufacture 

processes. The process of compressing this waste into a product of higher density than the 

original raw material state is known as densification, [17] Using agricultural residues as 

energy is an attractive option. Briquetting is a compacting or densification process to 

increase the low bulk density of biomass to high density, from 150–200 kg/m3 to 900–

1300 kg/m3 [2]. Biomasses, especially from wood and energy crops, are important energy 

carriers that contribute to the energy demand.   

For these waste residues to become a more attractive alternative fuel, they have to be 

upgraded to improve their burning performance. However, there is need to subject them 

to conversion processes in order to mitigate these problems. One of the promising 

solutions to these problems was the application of briquetting technology.  

It is a kind of technology to obtain clean energy from the use of bio-waste to create 

usable and effective briquettes to replace traditional firewood and charcoal in various 

domestic activities.   

These products with uniform shape and sizes can be more easily handled using 

existing handling and storage equipment and thereby reduce cost associated with 

transportation, handling, and storage [8]. 

Burning briquettes as a fuel completes a natural cycle; on combustion they only 

release as much carbon dioxide back in the atmosphere as was originally absorbed by the 

growing tree during photosynthesis. Briquettes can be used for power generation or for 

thermal application but mostly they are used for thermal application in industries replacing 

conventional fuel. [1] investigated the impact of particles on mechanical durability of 

wheat straw briquettes, and observed that the increase of the rotational speed of the 

working chamber caused a slight decrease in the value of the mechanical durability of 

briquettes for all investigated fractions. [21] focused on briquettes produced from wheat, 

oat, canola, as well barley straw, and proved best particle size between 25–32 mm. [15] 

investigated the optimal feedstock particle size and its influence on final briquette quality, 

and conclusion, results values did not support prevailing opinion that smaller particle sizes 

are more suitable for briquette production.  
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Subsequently, [27] investigated The Effects of Some Processing Parameters on 

Physical and Densification Characteristics of Corncob Briquettes, and concluded that the 

processing parameters such as particle size, % binder ratio and compaction pressure 

significantly affected the physical and densification characteristics of briquettes produced 

from corn-cob. Good quality and highly storable briquettes can be produced from the 

blend of corncob and cassava starch gel [12]. This was because the briquettes produced 

have sufficient density and relaxed density. Furthermore, the shelf-life of the stored 

briquettes showed reasonable stability even after six months of storage. Also, the bulk 

density of the relaxed briquettes, which is 315 kg /m3, was higher than the residue 

materials was 50.32 kg/m3. This translated into 626% volume reduction. It also provides 

technological benefits and a desirable situation for material storage, packaging and 

transportation, and lastly; hence, the finer the particle size, the more positive attributes of 

good quality briquette such particle has. In the similar manner, the lower the binder ratio, 

the better the briquettes, while higher compaction pressure will result in more quality 

briquettes [26]. 

Further, [19] investigated the production of charcoal briquettes from biomass for 

community use, stating that the three biomass types were tested for their suitability for 

making charcoal briquettes, sugarcane bagasse (SB), cassava rhizomes (CR), and water 

hyacinth (WH). As fresh biomass samples were sun dried and then burnt in a 200 liter 

incinerator with a controlled amount of air. The resulting char particles were mechanically 

pressed into a hollow-cylindrical shape. It was found that the CR charcoal briquettes had 

the best properties in terms of heating value, compressive strength, and extinguishing time. 

Additionally, [29] looked into the various production methods, procedures and processes 

that are deployed to process loose biomass into biomass briquettes, they established the 

cactus binders is insensitive to working pressure on compaction due to binder's 

composition, concluded that the optimum briquetting parameters are pressure of 19MPa 

and loose biomass to binder ratio of 35:36.  

Other studies such as [25] explored and compared the effects of three different 

binders, including starch, enhanced treated bio-solids and microalgae, on density, 

durability, energy content and combustion characteristics of fuel briquettes produced from 

blends of maize husks, corn cobs and bagasse, in a multilevel factorial design experiment. 

[10] Investigated Characterization of Briquettes from Maize Bran and Palm Kernel Shell, 

concluding that Fuel characterization of briquette produced from maize bran and palm 

kernel shell was done and the ultimate analysis for the briquette resulted  into 45.67%, 

5.80%, 0.05%, 1.78% and 46.70% for Carbon, Hydrogen, Sulphur, Nitrogen and  Oxygen 

respectively. Proximate analysis gave 18.97%, 64.54%, 14.16%, and 21.30% for moisture 

content, volatile matter, ash content and fixed carbon respectively. The values of volatile 

matter and ash content are good and acceptable compared to the results from the previous 

work. The briquette performance was evaluated compared to firewood through water 

boiling test which showed that 1 kg of the briquette took 15 minutes to boil 2litres of water  

where  as  it  took  1.2  kg  of  firewood  21 minutes to boil the same quantity of water.  

Maize Factories could be done on the cottage, small, medium and large-scale, 

depending on availability of capital and the raw materials [26]. The husks are used for the 

production of potassium Hydroxide solution or as fuel for milling plants. It can be seen 

that virtually all parts of maize are useful. The disposal challenges of accumulated maize 

mills and crop residues on the field will be resolved through briquetting and its attendant 

energy utilization.  
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Hence, harnessing maize bran for energy will promote maize cultivation and guarantee 

national food security and heat will be  generated for domestic an  industrial  cottage  

applications, since lots  of potential energy abounds in these residues, therefore reducing 

the current pressure on forest products for rural energy supply. However, there is the need 

to subject the strength and durability of this biomass product to tests; hence, this paper 

presents the mechanical and thermal evaluation of maize husk briquettes to perform a 

comparative analysis, as an alternative energy source to wood charcoal. 

 

 

MATERIALS AND METHODS 

 

The material used for the experimental analysis was Maize husk, with the unwanted 

materials were removed and sorted to ensure a fine pure particles of the husks.  

Afterwards the husks were molded into briquettes using a molder and extruder that 

transform it into a briquette without the use of any binder. The briquettes were further 

developed by using a compressing machine operating with an efficiency of 94% to 

produce two variable samples A and B. 

The physical properties of the developed briquette samples were determined by 

conducting some experimental tests.  

First, the size and weight were measured for each sample then the density was 

determined afterwards using the ratio of the mass to the volume. The mass was obtained 

by using a digital weighing scale, while the volume was calculated by taking the linear 

dimensions (length, breadth and thickness) of the briquette by means of a vernier caliper.  

Subsequently, the percentage volatile of the briquette was established when a 2g of 

pulverized sample in a crucible was placed in the oven that was set to burn at a temperature 

of 550oC for 12mins until a constant weight was obtained. Then, the briquette was 

removed and weighed after cooling; where the values of these parameters were used to 

determine the percentage volatile matter using eq. (1); where PVM, RhBb and RhBa are the 

Percentage of Volatile Matter of the Maize husk briquette, Weight of oven dried sample 

of maize husk briquette; and  Weight of sample of maize husk briquette after burning for 

12mins in the furnace at 550oC. 

 

 

𝑃𝑉𝑀 =   
𝑅ℎ𝐵𝑏−  𝑅ℎ𝐵𝑎

𝑅ℎ𝐵𝑏
 ×   100                      …………………………….  (1) 

 

The moisture content of the maize husk material before and after briquetting was 

determined using experiment standard for Moisture Content [30], where the initial 

weight (W1) of the sample was first recorded before being placed in an oven set at 103ºC 

for 24 hours. The samples were then removed and cooled in a desiccator, and reweighed 

for the final weight (W2); where; MC, W1, and W2 are the Moisture Content, the weight 

of briquette before going into Oven, and the weight of briquette after oven experiment as 

expressed in eq. (2),   
 

 

𝑀𝐶 =  
𝑊1− 𝑊2

𝑊2
 ×   100      ……………...……………………... (2) 
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Further, the compressive strength was determined by using a universal strength-

testing machine of 100 kN capacity with standard method [30]. The test was carried out 

21 days after briquetting when the briquettes had attained their maximum strength. The 

peak stress displayed at the end of each test was recorded.  

The percentage ash content and percentage fixed carbon were determined using eq. 

(3) and (4) respectively, according to [31] by placing it in a crucible; where the weight of 

the crucible plus specimen was determined. This content was then burnt in a furnace at 

550oC until all the carbon was eliminated. It was heated slowly at the start to avoid flaming 

and the crucible was protected from strong drafts at all times to avoid mechanical loss of 

test specimen. The weight of the samples after burning were recorded as the weight of the 

oven-dry test specimen given in eq. (3); where PA, WA and RhBb are the ash Percentage, 

weight of ash and weight of oven dried sample of maize husk briquette. 

 

𝑃𝐴  =  
𝑊𝐴

𝑅ℎ𝐵𝑏
 ×   100         ..…………………………   (3) 

 

Further, the fixed carbon percentage (PFC) was calculated by subtracting the sum of 

percentage volatile matter (PVM) and percentage ash content (PA) from 100 in eq. (4); 

while, the Gallen Kamp Ballistic Bomb Calorimeter apparatus was used, to determine the 

heating value of the biomass briquettes. 
 

𝑃𝐹𝐶 =   100 −  (𝑃𝑉𝑀  +  𝑃𝐴)                             ………………………... (4) 

 

Additionally, a comparative analysis of the physical and thermal characteristics for 

the maize husk briquette and charcoal were done to determine the material that emits the 

least greenhouse gases to produce the required heat as source energy to the society. 

 

 

RESULTS AND DISCUSSION 

 

The results of the experimental test conducted for the physical Characteristics of the 

developed maize husk briquette showed the size, weight, and compressive strength of the 

material. The value for the mean density and volatility for the variable briquette samples 

A and B were 524kg/m3 and 62.52%, for an average weight measured of 0.6kg.  

Subsequently, the compressive strength and moisture content were evaluated at 3.06 

kN/m2 and 0.27%. 

 
Table 1. Physical and Fuel Characteristics of Briquette from Maize 

Parameters Unit Maize Husk Briquette 

Samples 

Mean 

Value 

A B 

Length of the Briquette mm 60 62 61 

External diameter of the Briquette mm 39 39 39 

Weight of the Briquette kg 0.06 0.06 0.06 

Volatility % 62.51 62.53 62.52 

Moisture Content, MC % 0.27 0.27 0.27 

Compressive Strength kN/m2 3.05 3.07 3.06 
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The proximate analysis gave the percentage volatile matter, percentage ash and 

percentage fixed carbon of the briquette; while the ultimate analysis was performed on 

finely ground and oven dried samples to find the amount of Carbon, Hydrogen, Nitrogen 

and Sulphur (C, H, N, and S) by using the CHNS Elemental Analyzer. The experiments 

were performed two times and the mean readings were taken for all the characterization. 

The briquette from the mixture has an ash content and fixed carbon of 11.47%, and 

21.00%. Further, results of the heating value of the briquette was 24.21 for all samples, 

with a composition values of 43.55%, 4.20%, 0.05 %, 1.35% and 44.64%  for carbon, 

hydrogen, sulfur, nitrogen and oxygen respectively. Consequently, the mean value for the 

chemical composition of the briquette in Fig.1., showed that the maize briquette contains 

carbon and oxygen at 43 and 44%; and sulfur and hydrogen as the lowest values a t 0.5 

and 4.2% were the highest and lowest elements respectively.  

Table 2. Thermal Characteristics of Briquette from Maize 

  

 
Fig. 1. Percentage composition of Maize Husk Briquette 

 

 

The results of the physical and thermal characteristics of Maize husk briquette and 

two sources of charcoal according to [31] were presented in Table 3.  

The comparative analysis results revealed that the carbon and sulfur contents of 43.55% 

and 0.051% for the maize husk is less than that of the charcoal from oak and pine at 

87.01% and 0.150% and 86.10% 0.250% respectively.  
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Parameters  Unit Maize Husk Briquette Samples Mean  

Value  A B 

Heating Value MJ/kg 24.21 24.21 24.21 

Carbon Content  % 43.57 43.54 43.55 

Hydrogen Content  % 4.20 4.21 4.20 

Sulfur Content % 0.05 0.06 0.05 

Nitrogen Content  % 1.36 1.34 1.35 

Oxygen Content  % 44.65 44.63 44.64 

Ash Content  % 11.48 11.46 11.47 

Fixed Car Moisture  % 21.00 21.01 21.00 
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However, the needed hydrogen and oxygen content for the maize husk at 4.220 and 

44.64% are higher than the charcoal. Also, the ash content after burning was evaluated to 

be 11.47, with a high nitrogen content value of 1.350 as compared to charcoal at 0.5% and 

0.2%. 
Table 3. Combustion Characteristics of Maize Husk Briquette and Charcoal 

Parameters  Unit Maize Husk 

Briquette 

550oC 

Charcoal 

(Made from oak) 

550oC 

Charcoal 

(Made frompine) 

550oC 

Length of the sample  mm 61.01 58.71 59.05 

External diameter of 

the sample 

mm 39.10 42.32 38.26 

Weight of the sample  kg 0.06 0.08 0.08 

Carbon Content  % 43.55 87.01 86.10 

Hydrogen Content  % 4.20 2.40 2.50 

Sulphur Content % 0.051 0.150 0.250 

Nitrogen Content  % 1.350 0.50 0.20 

Oxygen Content  % 44.64 6.90 9.60 

Volatile Matter  % 62.52 14.70 18.10 

Ash Content  % 11.47 3.10 1.70 

Fixed Carbon  % 21.10 82.20 80.20 

 

 

CONCLUSION 

 

The mean burn temperature of the maize husk briquette rose from 70.70 oC to 83.34 
oC in 8 minutes, 98.72 oC in 10minutes and finally 100 oC in 12minutes. Compared to fire 

wood which burns slowly from 46oC in 5mins, to 53oC in 9minutes, 68oC in 10minutes, 

82oC in 12minutes, 94oC in 18minutes and finally to 100oC in 21minutes. The rapid 

combustion observed could be due to porous nature of the maize bran briquettes compared 

to the relatively dense firewood. The porosity in the maize husk briquettes to leave more 

readily and be consumed rapidly in the flame. The comparative analysis result revealed 

that the maize husk briquette has more oxygen and nitrogen compared to charcoal. It also 

has more ash content and volatility to burn effectively. On the other hand, the carbon, 

nitrogen and sulfur contents of the maize husk briquette after burning was low when 

compared to charcoal. These findings will help address the disposal challenges of 

accumulated maize husk at mills and crop residues on the field will be resolved through 

briquette making and its attendant energy utilization as an alternative sustainable source. 
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Michael Okpara University of Agriculture Umudike, Nigeria 
 

Sadržaj. Ovaj rad predstavlja procenu mehaničkih i termičkih karakteristika briketa 

od kukuruzne ljuske kao alternativnog izvora energije za poboljšanje održivosti i 

efikasnosti.  

Eksperimentalni test sproveden za briket težine 0,6 kg pokazao je da isparljivost i sadržaj 

vlage imaju srednju vrednost od 62,52 i 0,27%; dok je utvrđena čvrstoća na pritisak 

3,06kN/m2. Termička procena je pokazala da je srednja temperatura sagorevanja briketa 

od kukuruzne ljuske porasla sa 70,70oC na 83,34oC za 8 minuta, 98,72oC za 10 minuta i 

konačno 100oC za 12 minuta; u poređenju sa ogrevnim drvetom koje gori sporo od 46oC 

za 5 minuta, do 53oC za 9 minuta, 68oC za 10 minuta, 82oC za 12 minuta, 94oC za 18 

minuta i konačno do 100oC za 21 minut.  

Rezultati uporedne analize pokazuju da briket od kukuruzne ljuske ima više kiseonika za 

44,64 i azota za 4,22% u poređenju sa drvenim ugljem.  

Takođe ima više pepela za 11,47%, zbog svoje isparljivosti, zbog osobine da efikasno 

sagoreva. 
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 Istovremeno, briket od kukuruzne ljuske, ima nizak sadržaj ugljenika i sumpora nakon 

sagorevanja od 43,55 i 0,051%.  

Ovi rezultati će pomoći u rešavanju izazova odlaganja i sačuvane kukuruzne ljuske i 

ostataka useva kao alternativnog održivog izvora  energije, zbog ispunjavanja ekoloških i 

tehnoloških zahteva i normi.  
 

 

Ključne reči: Briket, izvor energije, ljuska, toplotna provodljivost. 
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