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ABSTRACT 
 
 
The purpose of this study was to utilize waste potato skins (PS) and yam skins (YS) in the 

production of briquettes with rice waste as a binder. The basic materials used to utilize waste, 

especially potato skins (PS), yam skins (YS), and rice waste. Experiments were carried out by 

mixing and molding carbon particles made from an equal mass ratio of PS and YS with rice as 

binders (i.e., 10, 20, 30, 40, and 50%). PS and YS were dried, carbonized at 250°C for 3 

hours, and sieved to get sizes of 250 µm. To make compact briquettes, the molded materials 

were pressed with 5.66 Pa. Several characterizations were analyzed, including compressed 

density, relaxed density, relaxation ratio, percentage of moisture content, burning rate, 

percentage of water resistance index, percentage of durability index, specific fuel 

consumption, the puncture test, and the hardness test. The characterization results showed that 

the prepared briquettes have good quality, and the best was for 10% of adhesive. The best 

durability index was for briquettes with 30% of adhesive. The compressed density and water 

resistance index were optimum when  
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using 40% of adhesive. In general, briquettes with a low amount of adhesive have a high-

density value, low moisture content, and a long flammability. This research is expected to 

convey information regarding how to reuse rice waste as an adhesive for briquettes. 

 
Keywords: rice adhesive; briquettes; potato skins; yam skins 

. 

 

INTRODUCTION 

 

Briquettes are a solid material that can be burned and used as fuel to maintain a flame (C. A. 

Raju, et al., 2014). Many factors affect the quality of briquettes, for example the type of raw 

material and the amount of adhesive (A. D. Moelyaningrum, et al., 2019). Various studies on 

the production of briquettes with biomass-based materials have been conducted such as cotton 

stalks (Y. A. Abakr, et al., 2006), coconut shells (M. Yerizam, et al., 2013), water hyacinth (S. 

Rezania, et al., 2016), cocoa shells (H. Saptoadi, et al., 2007), as well as a mixture of teak 

leaves, coconut shells and rice husks briquettes (S. Syafrudin, et al., 2015). In general, 

briquettes are made using tapioca starch and sago adhesive. 

One of the main ingredients for making briquettes is biomass (A. Amaya, et al., 2007), such 

as potato skins (PS) (R. F. Magnago, et al., 2020) and yam skins (YS) (P. Fajfrlíková, et al., 

2020). PS is environmentally friendly carbon (G. Z. Kyzas, et al., 2015). Briquettes made 

from PS have a high density and resistance to compression (R. F. Magnago, et al., 2020), 

while yam peels are an example of biomass with possible further use (P. Fajfrlíková, et al., 

2020). Thus, YS can be used as the main ingredient in briquettes. Therefore, based on these 

facts (A. Amaya, et al., 2007, R. F. Magnago, et al., 2020, P. Fajfrlíková, et al., 2020 & G. Z. 

Kyzas, et al., 2015) potato skin (PS) and yam skins (YS) carbon can be used as briquettes and 

produce good quality briquettes.  

Rice is one of the main foods in Indonesia (A. Widyanti, et al.,  2014). According to the Food  

and Agriculture Organization (FAO), rice waste is recorded as having a large amount of 
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methane gas as a cause of environmental pollution (R. Guan, et al., 2018). One of the 

management of rice waste is as an adhesive for briquettes. Therefore, in this study, rice was 

used as the adhesive.  

The briquettes are made with a mixture of PS and YS with rice waste as an adhesive is still 

rare. Therefore, this study is to utilize waste potato skins (PS) and yam skins (YS) in the 

production of briquettes with rice waste as a binder.  Furthermore, the characteristics of 

briquettes were tested based on compressed density, relaxed density, relaxation ratio, 

percentage of moisture content, burning rate, percentage of water resistance index, percentage 

of durability index, and specific fuel consumption tests. Research on the comparison of rice 

waste adhesive on briquettes of potato skins and yam skins showed a significant effect. This 

research is expected to convey information regarding how to use carbon waste from potato 

skins (PS), yam skins (YS), and rice as briquettes and convey the effect of rice adhesive ratio 

on briquettes. 

 

MATERIALS AND METHODS 
 

1. Briquettes samples preparation 

The research method used is experimental. The main ingredients used in this study were PS 

and YS with a ratio of 1:1. PS and YS were obtained from leftovers from sellers of processed 

potato and yam, and rice waste obtained from leftovers in homes and restaurants. The 

apparatus used in this research were oven, digital scale, oven thermometer, and 3×2 cm 

briquette mold. 

 
Figure 1 presents the steps for making briquettes. The briquettes were made by drying PS and 

YS. After that, the material was carbonized at 250°C for 3 hours. The carbonized material 

was saw-milled and separated by particles size of 250 µm. Then, the process of mixing the 

raw material used PS and YS (with a ratio of 1:1) and adhesive (composition ratios of 10, 20, 

30, 40, and 50%) under a pressure of 5.66 Pa. After that, the prepared mold was dried under 
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the sunlight and put in an oven with a temperature of 303 - 333 K. 

 
 

Figure 1 Briquettes making mechanism 

 

2. Briquettes Characteristics Test 

Several tests were done:  

(1) Compressed density (CD) is the density value immediately after the briquette is removed 

from the mold (E. Aransiola, et al., 2019) 

(2) Relaxed density (RD) can be interpreted as the density of briquettes in a stable mass and 

volume state. 

(3) Relaxation Ratio (RR) is the ratio compressed density and relaxed density. 

(4) Percentage of moisture content. The moisture content of briquettes is calculated after the 

briquettes are removed from the mold until they reach a constant mass after dry, according to 

European Standard EN 13183-1 (2002)  

(5) Percentage of durability index. Durability tests are carried out by dropping briquettes 

which have been placed in an airtight plastic above a height of 2 meters onto a solid, hard 

surface (K. Abdullah, et al., 2016) 

(6) Percentage of water-resistant index (PWRI) analysis was carried out by immersing the 

briquettes in water with a temperature of 27C for 30 s (R. M. Davies, et al., 2013) 
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(7) Burning rate (BR) is performed to measure the burning rate of briquettes 

(8) Specific fuel consumption (SFC) shows the comparison mass of burning briquette with the 

amount of water that is boiled. 

(9) The puncture test is a mechanical test to measure the strength of the briquette. In this 

study, the puncute test was carried out by testing five variations of briquettes using the Shore 

Durometer instrument (Shore A Hardness, In size, China). 

(10) The hardness test is a mechanical test for material properties used in structural analysis 

and material development. In this study, hardness testing was carried out by testing five 

variations of sagon crackers using a Screw Stand Test Instrument (Mode I ALX-J, China) 

equipped with a measuring instrument (Digital Force Meter (Model HP500, Serial). No. 

H5001909262)). 

 

RESULTS AND DISCUSSION 
 

1. Density 

Figure 2 presents the effect of variations in the ratio of rice adhesive on briquettes from PS 

and YS on the compressed density (CD) value. The highest CD value was obtained at an 

adhesive ratio of 40%, namely 0.69, and the lowest CD value was obtained at an adhesive 

ratio of 10%, namely 0.63. The value increases with the increase in the amount of adhesive 

from 10 to 40% (E. Aransiola, et al., (2019) because of the variation in the amount of 

adhesive used affects the density of the compressed briquette (K. Abdullah, et al., 2016). But 

when the ratio of 50% CD value decreases, this is due to the increase in briquette volume due 

to expansion that occurs after it is removed from the mold (E. Aransiola, et al., 2019). This is 

in line with previous research (R. M. Davies, et al., 2013 & R. M. Davies, et al., 2013) that the 

adhesive mixing ratio has a significant effect on the compressed density of briquettes. 

Figure 2 presents the effect of variation in the ratio of rice adhesive on briquettes from PS and 

YS on relaxed density (RD) value. The results showed that the highest RD value was found in 



Journal of Engg. Research Online First Article 

 

6 
 

10% of adhesive with a result of 0.475 while the lowest value was obtained from 50% of 

adhesive with a result of 0.418. The addition of adhesive to the briquettes causes the water 

content in the briquettes to increase which results in decreasing the value RD. This is due to 

the consolidation of the briquette adhesive mixture and a decrease in elastic recovery during 

the relaxation of the formed briquettes. The higher the value of the relax density, the higher 

the stability of the briquettes (E. Aransiola, et al., (2019). This is in line with the results of 

other studies, that the density of briquettes depends on the type and amount of binder (M. E. 

Arewa, et al., 2016). 

Figure 2 shows the Relaxation Ratio (RR) or the ratio between the briquette density 

immediately after being removed from the mold with the briquette density after reaching a 

constant weight. This study showed that PS and YS briquettes with adhesive content of 50% 

had the highest relaxation ratio levels and briquettes with 10% of adhesive content had the 

lowest levels of relaxation ratio. This happens because the addition of adhesive to the 

briquettes increases the water content in the briquettes which results in a decrease in the value 

of relaxed density and an increase in the value of the relaxation ratio comparable to previous 

studies. The results of this study are in line that the lower the relaxation ratio value, the higher 

the stability of the briquettes (E. Aransiola, et al., (2019). 

2. Percentage of moisture content 

Figure 2 presents the effect of variations in the ratio of rice adhesive on briquettes from PS 

and YS on the value of Percentage of Moisture Content (PMC). PMC in this study showed a 

value between 25-38%. PS and YS briquettes with 50% of adhesive had high yields while the 

lowest values were found in briquettes with 10% of adhesive. Figure 2 shows that the higher 

the adhesive composition the higher the PMC value. This is because the adhesive containing 

starch will affect the water binding. Adhesives with water solvents will also increase the 

moisture content of the briquettes (K. Abdullah, et al., 2016). The addition of adhesive causes 

PMC levels to be higher in line with research (Elfiano, et al. 2014).  The resulting PMC value 
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is not good, because previous research states (E. Elfiano, et al., 2014) that the moisture 

content optimal for a briquette is 12-20%. 

3. Percentage of water resistance index 

Figure 2 presents the percentage of water resistance index absorbed by briquettes from PS and 

YS. Of the five variations in the composition of rice adhesive on the briquettes from PS and 

YS. The average moisture content of the 30% composition and the 50% moisture content has 

a PWRI below 100%, namely 76 and 95%, respectively. While the highest water content is 

owned by briquettes at 40% of adhesive composition with a value of 132%. The starch 

content in rice can bind water content, but the starch content when the rice dries due to 

heating reduces the absorption of water (Han, et al., 2001). The increased PWRI value is the 

result of improved bonding between particles due to better flow or the binding properties 

component at higher temperatures (J. Orisaleye, et al., 2019). While the PWRI value 

decreases due to the wider cavity between particles that limit the bonds between particles, this 

ultimately reduces the PWRI of the briquettes (J. Orisaleye, et al., 2019). These results are 

consistent with previous research,that the use of binders affects the water-resistance of 

briquettes (A. Özyuğuran, et al., 2017). 

4. Percentage of durability index 

Figure 2 presents the resistance value of briquettes from PS and YS. This durability test is 

used to determine the strength or resistance of the briquette to impact. The results showed that 

the highest PDI value was obtained from briquettes with 20% of adhesive, namely 98.66%, 

while the smallest PDI value was obtained from briquettes with 50% of adhesive namely 

65%. Increasing the amount of adhesive rice can reduce the resistance of the briquettes. This 

is because the low amylose content gives the rice maximum stickiness (F. P. Pangerang, et al., 

2018). The higher the amylose content in rice adhesive, the less sticky properties of the rice 

will be, so that the resulting resistance is not optimal as shown using 30%-50% of adhesive in 

this study. This is in line with research (S. Suryaningsih, 2020) which explains that the PDI 
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value in rice adhesive will decrease along with the increase in the amount of rice adhesive. 

 

 
Figure 2 Graph of CD, RD, RR, PMC, PWRI, and PDI test results with variations in the 

composition of rice adhesives 10, 20, 30, 40, and 50%.  Example of figure 

 

 

5. Burning rate 

Figure 3 presents the burning rate test result with variations in the ratio of rice adhesive to 

briquettes from PS and YS. At 40 and 50% of adhesive compositions, the average burning 

rate was low, and the two compositions were close at 0.3947 g/min for 40% of adhesive 

composition and 0.3992 g/min for 50% of adhesive composition. The highest average burning 

rate value is found in the adhesive composition of 10%, which is 0.5654 g/min. In literature, it 

is said that briquette ash comes from clay, sand, and various other mineral substances. 

Increasing the composition of the adhesive causes the briquettes to become denser and 
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reduces the air cavity in the briquettes, thus limiting mass and heat transfer during combustion 

(M. Thabuot, et al., 2015). Besides, the higher the ash in a briquette, the lower the quality of 

the briquette because it can reduce the calorific value of the briquettes (I. Zakari, et al., 2013). 

The binding of the main ingredients of the briquettes with adhesive inhibits the burning of the 

briquettes so that mass decreases when the adhesive composition increases (R. M. Davies, et 

al., 2013 & R. M. Davies, et al., 2013). Therefore, the value of the briquette combustion rate 

decreases with the increasing adhesive composition (R. M. Davies, et al., 2013). 

6. Specific Fuel Consumption 

Figure 3 presents the variation in the ratio of rice adhesive on briquettes from PS and YS to 

the value of Specific Fuel Consumption (SFC). SFC is the relationship between the mass of 

the briquette burned with the mass of boiled water. The test results show that the graph 

decreases with the increasing percentage of adhesive. SFC The highest value is found in the 

adhesive with a percentage of 10%, while the lowest value is found in the adhesive 

composition of 50%.  The greater the heating value, the slower the combustion rate and the 

lower the SFC value, this is because more mass of fuel is needed to boil water (O. A. Kuti, 

2009). The more briquettes with the adhesive mixture, the faster the burning rate will be 

because when the briquette heat burns, heat is used to use up the water in the briquettes (T. 

Olugbade, et al., 2019). The low adhesive mixture also results in the high content of biomass 

used as the main ingredient for combustion which results in high SFC values. This is in line 

with research (O. A. Kuti, 2009). 
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Figure 3 Graph of BR, and SFC with variations in the composition of rice adhesives 10, 20, 

30, 40, and 50%. 

 

7. The puncture test 

Table 1 shows the results of puncture observations on the characteristics of briquettes (PS) 

and (YS). Briquettes (PS) and (YS) in the 10% adhesive variation have an average value of 

50.60, 20% adhesive variation has an average value of 73.40, 30% adhesive variation has an 

average value of 17.20, 40% adhesive variation has an average value of 42.50 an average of 

24.50 and a 50% adhesive variation has an average value of 22.70. The results showed that 

the highest puncture test value was owned by briquettes with a variation of 20%, while the 

lowest value was owned by briquettes with a variation of 30% adhesive. This is because the 

low amylose content gives the rice maximum stickiness (F. P. Pangerang, 2018), as shown in 

the use of 30-50% adhesive. The possibility of the emergence of fluctuating data can be 

triggered by the breakdown of the briquette due to the lack of density on the briquette, or the 

formation of an ash layer on its surface (J. M. Tabarés, 2006).  

 

Table 1 Puncture test results with variations of rice adhesives 

Ratio 10% 20% 30% 40% 50% 

Average puncture test 50.60 73.40 17.20 42.50 22.70 
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8. The hardness test 

Figure 4 shows the mechanical test results of all variations of briquettes (PS) and (YS). The 

highest value is indicated by the adhesive ratio of 10%, while the lowest value is obtained by 

the adhesive of 30%. The higher the density value of a product, the higher the value of the 

resulting mechanical strength. However, the results obtained from this study do not agree with 

this statement. High density values are obtained for  40% adhesive. The possibility of the 

emergence of fluctuating data can be triggered by the breakdown of the briquette due to the 

lack of density on the briquette, or the formation of an ash layer on its surface (Tabarés, et al., 

2006).  In addition, the value of mechanical strength is strongly influenced by the type of 

material, particle size, type of adhesive, pressure, and briquette density. 

 
Figure 4 The hardness test results with variations in the composition of rice adhesives. 
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CONCLUSION 

 

In this study, the use of rice waste as a briquette adhesive and the effect of the ratio of rice 

adhesive to briquettes from PS and YS were analysed. The characteristic briquettes were 

analysed using several parameters. The results of the relaxed density, relaxation ratio, 

moisture content, burning rate, specific fuel consumption, and the hardness test showed that 

good quality briquettes were obtained from briquettes with 10% of adhesive. The percentage 

test for the durability index, briquettes with 30% adhesive have good resistance. Experiments 

of compressed density and percentage of water resistance index showed that good briquettes 

are found in briquettes with a concentration of 40%. The results of the puncture test and 

hardness test, briquettes with 10% adhesive have good value too. The results of this study 

indicate that the best briquettes from PS and YS are obtained from briquettes with adhesive by 

10%. Based on the current results obtained, the waste carbon of potato skins (PS) and sweet 

potato skins (YS) with rice adhesive can be used as briquettes with good characteristics. The 

use of rice adhesive can produce briquettes with good characteristics, if the correct amount is 

carefully selected. 
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