
Turkish Journal of Computer and Mathematics Education  Vol.12 No.8(2021), 2340-2344 

2340 

Research Article 

The Chemical Properties and the Combustion Duration of Fuel Briquettes from Corn 
Kernel Residues, Thailand 

  

Arunpak Pitakpong  

a 

  
a School of Public Health, University of Phayao  

Email:aaompitakpong@gmail.com 

  

Article History: Received: 10 January 2021; Revised: 12 February 2021; Accepted: 27 March 2021; Published 

online: 20 April 2021  

  

Abstract: This research was studied the feasibility of using corn kernel residues from the plants to manufacture the frozen sweet 
corn to make the fuel briquettes. The initial stage of the research was the analysis of the chemical properties of corn kernel 
residues. It found that had the moisture content of 0.00%, volatile matter content of 79.03%, ash content of 2.30%, fixed carbon 
content of 54.28%, and heating value of 4217.1 calories per gram, had properties that could be used to make the fuel. Then, 
mixed the corn kernel residues with emulsifiers such as cassava starch at the ratio of 10:0:1, 10:1:1, and 12:1:1 and then 

compressed the briquettes. The compressed briquettes were obtained to test the chemical properties and the combustion such as 
heating value, moisture content, volatile matter content, fixed carbon content, ash content, and the combustion duration. The 
results of this research found that the compression of the corn kernel residues at the ratio of 10:1:1 is the most suitable proportion 
due to easy compression, high strength, and low ignition time. It had the moisture content of 0.00%, volatile matter content of 
75.05%, ash content of 1.41%, fixed carbon content of 54.77% heating value of 3923.2 calories per gram, and the combustion 
duration of 111.67 minutes. 
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___________________________________________________________________________ 
  
1. Introduction  

Nowadays, the research finding on alternative energy is currently an interesting issue [1, 6]. Important factors 

are the cheap, sufficient, sustainable energy and easily procured fuel in the locality, including the method without 

complications to apply it [2, 5]. One source of the better alternative energy is renewable energy from bio-briquettes 

[3, 4, 5]. It is saving and slowing down to use fossil fuels, reducing the climate change by a result of the increase of 

carbon dioxide in the atmosphere [2, 3, 5, 8, 11], reducing the impact of increasingly biomass dumping that affecting 

the economic, social and environmental balance [2, 5, 12, 13]. The benefits of reusing biomass are beneficial to 

rural and industrial sectors, either directly and indirectly [3, 5, 12]. All results are useful in the national and global 

levels [2, 8, 12].  

Thailand has currently to be popular to use biomass as renewable energy widely. Since, Thailand is an 

agricultural country which has the abundant variety of the agricultural productivity that can be used in the form of 

the biomass energy (8, 9) such as firewood, rice hulls, bagasse, manure, straw, agricultural residues, wastes from 

agrarian processing plants, others [3, 6, 7, 12]. These raw materials will be used as the fuel in the direct combustion 

process and then utilized heat for electricity production or biogas production by biochemical reaction process using 

microbial activity [9, 11]. In the past, most of the biomasses were left to organic fertilizer within the cultivation 

area. The farmers sometimes eliminated them by incineration, which results in pollution to the environment [10]. In 

fact, all biomasses are quality fuel and provide heating energy levels that can be utilized [11, 12]. Due to the 

recession of energy sources, therefore, searching for alternative energy sources with potential and sufficient quantity 

is as important [14, 15]. 

Chiangrai Frozen Foods Company Limited is the industrial factory (about frozen sweet corn) in Thailand. This 

factory has a problem with some of the corn kernels. They were trapped by a sieve and a machine to separate the 

kernels from the water; nevertheless, the poor quality of corn kernels mixed with wastewater through downstream 

of the production line. Many corn kernels have been separated. Some corn kernels were sold to farmers for animal 

feed, and some parts were left and unused, resulting in spoilage and bad smell. Therefore, if there is management 

of agricultural residues from corn, that will also reduce the problem. Thus, the management of agricultural residues 

from the processing found that it can be extruded to fuel rods, which reduce the number of useless corn residues as 

waste. From the mentioned importance and problems, therefore, the author conducted to study the residue of corn 

kernels as fuel briquettes with the case study in Chiangrai Frozen Foods Company Limited, to apply knowledge and 

results of research to solve problems in the management of corn kernels for the factory. 

2. Research Objectives 

 The objectives of this research was the feasibility of using corn kernel residues from the plants to manufacture 

the frozen sweet corn to make the fuel briquettes. 
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3.  Research Methods 

 This research was the experimental research that experimented with making the fuel briquettes (16) with the 

residue of corn kernels from Chiangrai Frozen Foods Company Limited's processing. The analysis was to study the 

properties of fuel briquettes on both parts (chemical [17] and combustion properties [17, 18], and to study the most 

suitable emulsifier proportion (cassava starch) of fuel briquettes [19] from the corn kernels. 

3.1 Sampling Method 

 A sampling of sample group was used to make fuel briquettes that were sweet corn kernels by purposive 

sampling [20], to select the poor quality of corn kernels remaining from the processing. 

3.2 Fuel Briquettes 

 Mixed 10 kilograms of the corn kernels residues from the processing with the emulsifier (water of cassava starch 

by preparing starch and water at the ratio of 1 kilogram of starch per 1 liter of water) [5, 21, 22, 24], then compressed 

the briquettes as fuel rods using steel pipes (diameter of approximately 5 centimeters), and then compressed the rod 

fuel briquettes to a length of approximately 20 centimeters as a cylindrical fuel. Finally, the fuel briquettes were 

dried in the sun to reduce humidity and the fuel to be hard and combinable for 5-10 days [23, 26]. 

3.3 Analysis of the Chemical Properties of Corn Kernels 

Laboratory analyses of chemical properties by the Environmental Center, Suan Dusit University were as follows: 

moisture content, ash content, volatile matter content, fixed carbon content, and calorific or heating value of corn 

kernels [27].  

3.4 Analysis of the Chemical Properties of Fuel Briquettes from the Corn Kernels. 

Laboratory analyses of Thai Industrial standard Institute (TISI) by the Environmental Center, Suan Dusit 

University were as follows: moisture content, ash content, volatile matter content, fixed carbon content, and heating 

value according to the American Society for Testing and Materials (ASTM) method [5, 18, 25, 26]. 

3.5 Analysis of Combustion Properties of Fuel Briquettes from the Corn Kernels (Determination of the 

Combustion Duration). 

 The fuel briquettes were ignited in a brazier using approximately 20 milliliters of 95% ethyl alcohol per ignitable 

time. Then, turned on the fan to blow into the ventilator of the brazier as the actual combustion state, and counted 

with the timer when the fuel briquettes began to burn until the fuel briquettes burned up completely [26, 28]. 

3.6 Processing 

To compare the chemical properties of the fuel briquettes from the corn kernel with the TISI [24, 29, 31], and 

compare the emulsifier proportion of fuel briquettes from the corn kernels [29]. 

4. Results 

 Results of the Analysis of the Chemical Properties from the Corn Kernel  

 The chemical properties of the corn kernels were analyzed, found that the moisture content had 0.00%, the ash 

content had 2.30%, the volatile matter content had 79.03%, and the fixed carbon content had 54.28%. Moreover, 

the analysis of corn kernel had the heating value of 4217.1 calories per gram (Table 1). 

4.1 Results of the Analysis of the Chemical Properties of Fuel Briquettes from the Corn Kernels. 

 The chemical properties and the combustion duration of fuel briquettes with the residue of corn kernels from 

Chiangrai Frozen Foods Company Limited's processing which the laboratory experiments (Table 2) were as follows:  

4.2  Moisture Content 

 The analysis of the chemical properties of fuel briquettes from the corn kernels found that the fuel briquettes 

from the corn kernels had the moisture content of 0.00%. The TISI had given the moisture content standard no more 

than 8%. This moisture content was within the mentioned standard. 

4.3  Ash Content 

 The analysis of the chemical properties of fuel briquettes from the corn kernels found that the fuel briquettes 

from the corn kernels had the ash content of 1.41%. The TISI had given the ash content standard no more than 8%. 

This ash content was within the mentioned standard. 
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4.4 Volatile Matter Content 

 The analysis of the chemical properties of fuel briquettes from the corn kernels found that the fuel briquettes 

from the corn kernels had the volatile matter content of 75.05% which the TISI had given the volatile matter content 

standard no more than 25%. The volatile matter content was higher than the TISI standard because the fuel bio-

briquettes from the corn kernels in this research were the green fuel that had not been through the carbonization 

process. 

4.5 Fixed Carbon Content 

 The analysis of the chemical properties of fuel briquettes from the corn kernels found that the fuel briquettes 

from the corn kernels had a fixed carbon content of 54.77%. The TISI had given the fixed carbon content standard 

no less than 75%. This fixed carbon content was below the TISI standard. 

4.6 Heating value 

 The analysis of the chemical properties of fuel briquettes from the corn kernels found that the fuel briquettes 

from the corn kernels had a heating value of 3923.2 cal/g which the TISI had given the heating value standard no 

less than 5,000 cal/g. This heating value was below the TISI standard. 

4.7 Combustion Duration 

 The analysis of emulsifier proportion (cassava starch) at the ratio of 10: 1: 1 had the combustion duration of 

111.67 minutes. 

Table 1. Results of the analysis of the chemical properties from the corn kernels. 

The chemical properties of the corn kernels 

Moisture 

content 

Ash content Volatile matter 

content 

Fixed carbon 

content 

Heating 

value 

0.00% 2.30% 79.03% 54.28% 4217.1 cal/g 

 

Table 2. Results of the analysis of the chemical properties of fuel briquettes from the corn kernels. 

The chemical properties of fuel briquettes from the corn kernels 

Moisture 

content 

Ash content Volatile matter 

content 

Fixed carbon 

content 

Heating 

value 

0.00% 1.41% 75.05% 54.77% 3923.2 cal/g 

 

5. Discussions 

The author had experimented with producing the fuel briquettes from the corn kernels using cassava starch as 

an emulsifier with three different ratios. The proportion of fuel briquettes from the corn kernels was the ratio of 10 

kg of corn kernels: 1 kg of cassava starch: 1 liter of water. It was the most suitable proportion for the production of 

the fuel briquettes from the corn kernels due to it was an easy compression, high strength, and time use of low 

ignition, same as the research of Sriket et al., 2019. They had studied improving fuel potential of para rubber wood 

bottom ash as charcoal briquette with co-extruded materials using the mixture of 10 kg of extruded materials: 1 kg 

of tapioca starch: 1 L of water. The use of tapioca starch as a binder provided the best quality [24]. However, this 

research had also experimented with two different proportions of the fuel briquettes; nevertheless, they failed. That 

was the fuel briquette experiment with 10 kg of corn kernels: 0 kg of cassava starch: 1 liter of water found that it 

could not be molded as a fuel rod. Another experiment was the fuel briquette with 12 kg of corn kernels: 1 kg of 

cassava starch: 1 liter of water found that it could be molded as a fuel rod, but it is not stable and fragile briquettes 

same as the research of Tuates et al., 2016. They had designed the charcoal rice hulls and corn cobs as raw materials 

in the production of fuel briquettes with a lower and higher amount of starch differently, but the produced briquettes 

were weak and erratic [21]. 

In this research, the author used the cassava or tapioca starch as the binder corresponding with many types of 

research [5, 17, 18, 21, 22, 24, 27, 30, 31]. The cassava starch was commercially available as a binder. This material 

was cheaper than the other adhesives, and could be easily found in the local markets. Another advantage of cassava 

starch was its great thickening properties [21].  Zubairu and Gana (2014) said that charcoal from biomass sources 
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(corncobs) as charcoal briquettes was an effective way to manage solid waste and possible methods of alternative 

energy sources [30].  

Moreover, the fuel briquettes of this research used the corn kernel residues that it has not yet been appeared in 

any study. So, the result of the survey of the fuel briquette properties was not enough. We should be continued the 

research to improve and develop the fuel briquette processing for reducing agricultural residues. 

6. Conclusion 

The analysis of the chemical properties and the combustion duration of fuel briquettes from corn kernels found 

that the most suitable proportion for the production was 10 kg of corn kernels: 1 kg of cassava starch: 1 liter of 

water. Because it was an easy compression, high strength, and combustion duration of 111.67 minutes, it had the 

moisture content within the standard that the TISI had given the moisture content standard no more than 8%. It had 

the ash content within the standard that the TISI had provided the ash content standard no more than 8%. However, 

the volatile matter content had not passed the standard in which the TISI had also given the volatile matter content 

standard no more than 25%. Due to the fuel bio-briquettes from the corn kernels in this research were the green fuel 

which had not been through the carbonization process. Moreover, the fixed carbon content had not passed the 

standard, which the TISI had given the fixed carbon content standard no less than 75%. Including the heating value 

had not also passed the standard, which the TISI had given the heating value standard no less than 5,000 cal/g. 
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