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Abstract. Effects of the particle size (i.e. 100, 150, and 500 µm) and composition of biomass 
on physicochemical and mechanical properties of briquettes were evaluated. This study used 
biomass from the mixture of tofu dreg (TD), areca nutshell (ANS), and citronella (CN). This 
study was also completed with a literature review. ANS was carbonized at 250°C for 2 hours. 
Then, all raw materials (i.e. TD, ANS, and CN) were dried, saw-milled, and mixed with 
tapioca starch as a binder to form a dough. The particle size and ANS composition gave an 
impact on the briquettes' performance, including burning rate, specific fuel consumption, and 
mechanical properties. Particle size influenced the compact component in the briquette. ANS 
affected carbon and moisture contents in the briquette, improving its compressive strength. 
This study demonstrates the alternative solution for reducing organic wastes by converting 
them into briquettes. 
Keywords: briquettes, biomass, energy, mechanical properties, tofu dreg, areca nutshell, 
citronella 
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1. Introduction  
Bio briquettes are solid fuels made from a mixture of biomass. Biomass is a term used to 
describe all types of organic materials that are the results of the photosynthesis process [1]. In 
Indonesia, biomass is largely abundant, while its usage is not optimal yet [2]. 

Reports on the use of biomass as alternative energy are well-documented. Many 
strategies have been reported, and the results were compared to the briquette standard [3]. 

Materials Physics and Mechanics. 2022;50(1): 20-36 
Research article 
http://dx.doi.org/10.18149/MPM.5012022_2

Submitted: January 23, 2021 
Approved: August 16, 2022 
Accepted: August 16, 2022

© A.B.D. Nandiyanto, S.N. Hofifah, S. Anggraeni, N.Z. Latifah, J.E. Sitanggang, O. Sopian, Z. Saputra, 2022.  
Publisher: Peter the Great St. Petersburg Polytechnic University 
This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.org/li-censes/by-nc/4.0/) 



Detailed current research for the use of briquette from biomass is presented in Table 1. 
However, studies on the effects of the particle size of raw materials on the briquettes' quality 
are typically unconcerned. 
 
Table 1. The previous research on the preparation of briquettes from biomass 
No Biomass Binder Results Ref. 
1 Water hyacinth 

(Eichhornia 
crassipes) 
charcoal  

Molasses The molasses to charcoal ratio had an impact 
on the briquettes' quality and characteristics. 
With increasing amounts of binder, ash content 
decreased while volatile combustible matter 
and fixed carbon increased. The highest 
calorific value (16.6 MJ/kg) and compressive 
strength (19.1 kg/cm2) were produced by the 
30:70 charcoal/molasses ratio. The potential for 
turning water hyacinth into an alternative fuel 
source has been demonstrated by the results. 

[4] 

2 Areca leaves Wheat flour According to IS1448-7 standards, the areca 
leaves' gross calorific value was determined. 
According to the analysis, compared to 
briquettes with particle sizes larger than 
1700 µm, 600 and 425 µm of areca leaves 
components are better. Further, briquettes with 
85-µm areca leaves have the highest calories at 
14.57 MJ/kg. The briquette's physicochemical 
properties showed low moisture content 
(8.08%) and low ash content (1.47%). Because 
they contain less nitrogen (0.61%) and sulfur 
(0.65%), the briquettes are environmentally 
friendly. As a result, producing briquettes from 
850-μm areca leaves with sawdust as an 
additive can result in high-quality biomass fuel 
for use in both homes and businesses. 

[5] 

3 Carbonized rice 
husk and 
jatropha seed 
waste 

Newspaper 
waste pulp 

The briquettes with the highest heat energy 
content (5,650 cal/g) are those with 8% of 
newspaper waste pulp adhesives. The best-
mixed charcoal briquettes are made from rice 
husk charcoal and jatropha seed at a 50:50 ratio 
with 8% newspaper waste pulp added as an 
adhesive agent. Adding more adhesive will 
reduce the calorific value. The best properties 
of mixed charcoal briquette (made from rice 
husk and jatropha seed waste) are moisture 
content of 3.85%, volatile matter of 43.87%, 
ash of 23.78%, fixed carbon of 28.50%, and 
calorific value of 5,650 cal/g. The calorific 
value of rice husk can be increased by the 
addition of jatropha seed charcoal from 3,350 
to 5,650 cal/g. 

[6] 

4 Orange peels and 
corn cobs 

Pasty starch According to the results, the sample can reach 
the highest calorific value per kilogram of 

[7] 
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31,886 kcal. The mixtures made up of 20% of 
orange peels and 80% of corn cobs have the 
highest calorific values and carbon contents, 
which are the most desirable qualities of good 
solid fuel. In the meantime, a briquette made of 
80% orange peels and 20% corn cobs has 
shown some promise. 

5 Cocoa Shells and 
Sea Mango 

Tapioca 
flour 

Small-particle briquettes have high values for 
relaxed density, relaxation ratio, and 
percentage of durability index. However, the 
high density of briquettes on smaller particles 
made the compressed density and the 
percentage of moisture content low. 

[8] 

6 Sugarcane 
bagasse 

- Analysis of the fuel's parameters revealed high-
quality levels of low ash content (0.97 percent) 
and high calorific values (18.35 MJ kg-1 for 
gross calorific value and 17.06 MJ kg-1 for net 
calorific value), which suggested the fuel was 
well suited for direct combustion processes. 
The following observations were supported by 
indicators of mechanical quality: bulk density 
of 1022 kg/m3, compressive strength of 
150 N/mm1, and mechanical durability of 
99.29%. 

[9] 

7 Coconut (Cocos 
Nucifera) Coir 
and Banana 
(Musa 
Paradisica) 
Peels 

Tapioca 
starch 

The best performance of briquettes is with 
310 µm of particles with a mixture content of 
banana peels as much as 20% of the total 
weight. It has good specific fuel consumption 
(5.42 g/mL) and a burning rate (5.10 g/min).  
The briquette has a compressed density of 
0.39 g/cm3, relaxation ratio of 1.70, a relaxed 
density of 0.23 g/cm3, a water resistance index 
of 80.14%, a moisture content of 58.55%, and a 
durability index of 98.92%. 

[10] 

8 Melinjo (Gnetum 
gnemon) Shell 

Tapioca Briquettes with 10% of tapioca (sizes of 465-
1000 µm) have the best relaxation ratio values, 
percentage moisture content, burning rates, and 
specific fuel consumption. Briquettes with 50% 
of tapioca (sizes of 74-105 µm) have the 
highest compressed density, relaxed density 
value, durability index percentage, and water 
resistance index percentage. 

[11] 

9 Banana peels, 
sugarcane 
bagasse, coconut 
shells, and rattan 
waste 

Cassava 
starch 

Banana peels (97.98%) and sugarcane bagasse 
(97.98%) losses are more significant in the 
mass reduction (96%). High calorific values of 
the briquettes produced are 16.98, 30.07, 32.16, 
and 25.93 MJ/kg for banana peels, rattan waste, 
coconut shells, and sugarcane bagasse, 
respectively. Volatile matters are gradually 
lower. Ash content was 7.44-11.95%, and 

[12] 
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moisture content is relatively low. 
10 Rice husk and 

red bean skin 
Tapioca 
starch 

Small particles (74-100 µm) with a binder 
concentration of 50% produce briquettes of 
good quality. Due to the small size and large 
surface area of the particles, as well as the high 
binding agent concentration, the bonds between 
the particles are very strong. A 20% binder 
concentration produced good quality briquettes 
for the briquettes with large particles (500-
2000 µm).  

[13] 

11 Durian eel 
(Durio kutejensis 
Becc) charcoal 

Starch The briquettes were made from durian peel 
charcoal by adding starch as a binder at 
different concentrations of 3, 4, 5, and 6% to 
obtain moisture content, volatile matter, ash 
content, and calorific value. The 3% of starch 
binder in the durian peel briquettes had the 
highest quality. 

[14] 

12 Cassava peels  
and rice husks  

Tapioca 
starch 

The small particle of biomass shows good 
performance in the compressed and relaxed 
density. The 90:10 briquette with small 
particles has an excellent calorific value, 
according to the water boiling test, burning 
rate, and specific fuel consumption. For 
briquettes with medium particles and a 50:50 
ratio, a good water-resistant index was 
obtained. For all briquettes, the average 
durability index values were 98%.  

[15] 

13 Sawdust, rice, 
and coconut 
husks 

Cassava 
starch 

The charred briquettes' calorific value was 
discovered to be 24.69 MJ/kg. The use of a 
multi-feed gasifier stove (MFGS) resulted in 
briquettes burning with the highest combustion 
efficiency (34.7%). When briquettes were used 
in the MFGS in place of charcoal, there were 
reductions in particulate matter and carbon 
monoxide emissions of 14 and 80%, 
respectively. 

[16] 

14 Carbon particles 
from potato and 
yam skins 

Rice waste The best quality of the prepared briquettes was 
for the sample with 10% adhesive. The 
briquettes with 30% adhesive had the highest 
durability index. When using 40% adhesive, 
excellent compressed density and water 
resistance index were obtained. Briquettes with 
less adhesive typically have a high density, 
little moisture content, and long flammability. 

[17] 

15 Onion peels and 
tamarind shells 

Cassava 
Starch 

Comparatively to pine, cotton stalk, wood 
sawdust, municipal solid waste (MSW), and 
cotton straw biomass briquettes, onion peels 
and tamarind shells (OP-TS) have better fuel 
properties. Onion peels and tamarind shells 
were used to create briquettes with a higher 

[18] 
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heating value. They, therefore, made a great 
choice for an energy source. The briquettes' 
carbon content has decreased while their 
oxygen and hydrogen contents have increased 
when using OP-TS. 

16 Sawdust and rice 
husk carbon 

Starch 
paste 

High density (bulk, compressed, and relaxed) 
was produced by the high concentration of 
carbon rice husks (CRH) in briquettes. The 
compaction ratio, water resistance, durability, 
and relative suitability decreased with a high 
CRH. Sawdust and CRH can be burned 
cooperatively inside the briquette.  

[19] 

17 Bamboo Fiber 
and Dried Clove 
Leaves 

Dextrin Briquettes made of dried clove leaves and 
bamboo fibers with 60% have good solidity, 
durability, fuel consumption, and moisture 
content, while those at 20% have good 
combustion performance. 

[20] 

18 Coffee grounds 
and soybean 
peels 

Tapioca 
flour 

Briquettes with a ratio of (60:40) and a particle 
size of 250 µm have good compressed density, 
burning rate, and specific fuel consumption 
characteristics. 

[21] 

19 Durian peels and 
banana midrib 

Tapioca 
flour 

The best briquette results were when using a 
70:30 ratio of durian peels and banana midrib 
with a carbon particle size of 250 µm, 
according to compressed density, relaxed 
density, relaxation ratio, percentage moisture 
content, percentage of water resistance index, 
water boiling test, burning rate, specific fuel 
consumption, and durability index. 

[22] 

20 Peanut shells Tapioca 
flour 

310-µm particles gave a good performance in 
the compressed density and relaxed ratio. The 
582-µm particle had less moisture content and 
high specific fuel consumption.  

[23] 

Our previous studies reported the mechanical properties of materials, such as iron oxide 
[24], tungsten trioxide [25,26], brake pad[27], bioplastic material [28-30], and food materials 
[31]. We also reported several characterizations and analyses for supporting the studies [32-
36]. Here, this study aims to determine the quality of the briquettes as a function of the 
particle size and composition of several raw materials. As models of raw materials, we used a 
combination of tofu dreg (TD), areca nutshell (ANS), and citronella (CN). The main reasons 
for the use of these raw materials are: 
(i) TD as the bioproduct of the tofu industry – one of the important agro-industry in 

Indonesia that brings great economic impacts – is not carefully handled and treated, 
creating problems in the environment. Direct disposing of TD causes a bad smell since 
TD contains high protein content (100 g of TD contains 27 g of protein) [37]. 

(ii) Areca nut (Areca catechu) is a type of palm plant that is widely cultivated in Indonesia. 
Areca nuts are scattered in all regions of Indonesia. Areca nut is found in various 
regions of Indonesia, especially in Sumatra, Kalimantan, and Sulawesi [38]. In general, 
areca farmers only use areca seeds. ANS is not used and becomes waste that can pollute 
the environment. Areca farmers usually burn ANS to reduce buildup. Combustion that 
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is carried out can cause air pollution. In fact, ANS and other biomass such as tofu dreg 
have considerable energy potential and can be used as bio briquettes. 

(iii) Citronella (Cymbopogon nardus L.) is one of the plants that produce essential oils. 
Citronella is widely cultivated in Indonesia, and Indonesian land has a climate suitable 
for its growth[39]. The essential oil from Citronella has a bitter taste, smells good, and 
evaporates at room temperature without decomposition [40]. The good smell of the 
essential oil in citronella can be added to bio briquettes, so the briquettes can emit a 
good smell when baked. 
In addition, ANS was used as the main carbon material, where this material was 

carbonized before use. The carbonization process can increase the carbon content and heating 
value of the prepared briquette [41,42]. Our research is important to demonstrate the 
alternative solution for reducing waste management since such TD, ANS, and CN were 
typically disposed of directly to the environment. 

 
2. Material and method 
Material preparation. Briquettes were made from a mixture of TD, ANS, and CN. All 
materials were obtained from Pangandaran Regency, Indonesia. The tapioca flour as the 
binder was obtained from Cimahi, Indonesia. The TD/ANS/CN compositions were varied in 
the ratio of 10/90/30, 40/60/30, 50/50/30, 60/40/30, and 90/10/30.   

Briquettes making process. Prior to use, all materials were cut into pieces and dried 
naturally for about 5 days to remove physical moisture content. The ANS was then 
carbonized using an electrical furnace at the temperature of 250°C for 1-2 hours. All materials 
were saw-milled and sieved to obtain the required sizes (i.e. 100, 150, and 500µm), using the 
similar procedure in our previous report[43]. The particle size was classified as small 
(100 µm), medium (150 µm), and large sizes (500 µm). All materials were then mixed 
according to the predetermined variations. The binder of tapioca starch was made by the ratio 
of tapioca/water of 2/25. The tapioca starch was then mixed with the mixed material and 
stirred to form a dough. The dough was molded (round shape, 3.80 cm in diameter, and 0.70 
cm in height) and pressed with a pressure of 8.74 N/cm2. The briquettes were dried naturally 
to remove outer moisture. Then, they were dried at 150ºC in the electrical furnace until their 
mass is constant.  

Briquette performance analysis. The prepared briquettes were tested by several 
characterizations: density, moisture content, water boiling test, burning rate, specific fuel 
consumption, water-resistance index, and durability index [44]. 

(1) Density includes compressed density (CD), relaxed density (RD), and relaxation 
ratio (RR). CD, RD, and RR were calculated using Eqs. (1), (2), and (3), respectively. 
CD = Wc/Vc, (1) 
RD =Wr/Vr, (2) 
RR = CD/RD, (3) 
where Wc is the weight of the briquette immediately after molding, and Vc is the volume of 
the briquette after molding. Wr is the weight of briquettes after drying, and Vr is the volume 
of briquettes. 

(2) Percentage moisture content (PMC) was determined by calculating the initial mass 
of briquettes immediately after molding (W1), and the mass of briquettes after complete 
drying (W2)[45]. PMC is calculated with Eq. (4). 
PMC = [(W1-W2)/W2]  X 100%. (4) 

(3) Water boiling test (WBT) is a test used to determine the efficiency of briquette 
combustion. It was carried out by burning the briquette sample, the heat from the combustion 
was used to boil 100 mL of water in a beaker. The increase in water temperature was recorded 
during the combustion process.  
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(4) Burning rate (BR) is the combustion rate which was calculated by the ratio of the 
mass lost when combustion with the total time used [46], calculated using Eq. (5). 
BR =Q/T, (5) 
where Q is the mass of briquette burnt out (g) and T is the total burning time (min). 

(5) Specific fuel consumption (SFC) shows the ratio of the mass of the briquettes 
burned to the amount of water to boil [46] and it is determined using Eq. (6). 
SFC =Q/V, (6) 
where Q is the mass of burning briquettes (g) and V is the volume of boiling water (mL). 

(6) Percentage of water resistance index (PWRI) test was conducted by immersing the 
briquettes in water with a temperature of 27ºC for 30 seconds[47]. PWRI is calculated using 
Eq. (7) and (8). 
PWA = [(Q2-Q1)/Q1] X 100, (7) 
PWRI = 100% - PWA, (8) 
where PWA is the percentage of water absorbed, Q1 is the initial mass of briquettes (g), and 
Q2 is the final mass of briquettes (g). 

(7) Percentage of durability index (DI). To analyze DI, the mass of the briquettes was 
measured. The briquettes were put into a plastic bag, while the air in the plastic was removed. 
The briquettes were dropped from a height of 2 m onto a solid surface. The mass of the 
briquettes that were not crushed was then measured again [47]. The DI is determined by Eq. 
(9). 
DI =  Q2/Q1X100, (9) 
where Q1 is the mass before being put together (g), and Q2 is the mass after being  
dropped (g). 

(8) Mechanical test. To analyze the mechanical characteristics of the briquettes, we 
carried out a compressive test and a puncture test [29,28]. The compressive test was 
performed using a screw stand test instrument (Mode I ALX-J, China) equipped with a 
measuring instrument (a Digital Force gauge (Model HP-500, Serial No. H5001909262). The 
puncture test was done using the Shore Durometer instrument (Shore A Hardness, In size, 
China). The compressive test was carried out by pressing the briquettes. The pressure given 
by the instrument to measure the hardness of the briquette, the measurement results are 
represented as a curve. The puncture test was done by inserting a needle into the surface of 
the briquette. The measured number was obtained from the depth of the needle puncture 
 
3. Results and discussion  
Effect of particle size 
Density. Figure 1(a) shows the density in terms of CD, RD, and RR of the briquettes under 
varying particle sizes. The CD value varied from 1.10 to 1.38 g/cm3. The highest CD value 
was obtained at the medium particle size of medium sizes. The lowest CD values were found 
in the large particles. The particle size affects the CD value, the larger particles resulted in a 
higher CD value [48]. However, anomalies were found in the sample with large particles. 
This can be due to the incomplete drying of the briquettes, the difference in the pressure 
exerted on the briquettes with large particles, or the effect of the binders used [41]. 

The RD value ranged from 0.60-0.90 g/cm3. Briquettes with small particles showed the 
highest RD value, while briquettes with large particles showed the lowest RD value.  
Based on Fig. 1, the smaller particles allowed the obtainment of higher RD. The smaller 
particles made the larger binding surface area among the particle; Thus, the density was 
getting higher [49]. 

The RR of samples ranged from 1.3 to 1.7. The density changed from wet to dry, but 
briquettes were relatively stable. Variations in particle size had a different effect on the RR. 
The highest RR was obtained from briquettes with medium and large particles, while the 
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lowest RR was obtained from small particles. This RR test showed that the most stable 
briquettes were the briquettes made with small particles. Small particles caused high 
briquette density [49]. 

Percentage moisture content (PMC). Figure 1(b) shows the results of PMC analysis on 
briquettes with different particle sizes. The PMC values ranged from 48 to 56%. Results 
showed that the relative moisture of the briquettes increased with the smaller particles. The 
highest PMC was obtained from briquettes with small particles, while the lowest PMC was 
obtained from large particles. Small particles allowed the briquette to have smaller pores. 
Small pores hold the transport of moisture and oxygen into the briquette [50]. 

Percentage of water resistance index (PWRI). PWRI is an analysis that shows the 
percentage of water content absorbed by the briquette with the effect of particle size 
(Fig. 1(b)). The highest PWRI was obtained for briquettes with large particles, while the 
lowest PWRI was obtained for the medium particles. The large particles make briquettes have 
many pores. The pores make the cavity on the briquettes and cause infiltration water to the 
briquette to become higher [51]. However, anomalies were found in samples with medium 
particle sizes which had a smaller PWRI value than small particles. It can be caused by 
differences in drying temperature and briquetting pressure when the medium particle size 
briquettes were made. 

Percentage of durability index (DI). The sample showed good DI values ranging 
between 96.5 and 97.9% (Fig. 1(b)). The highest DI was obtained when using briquettes from 
small particles, while the lowest DI was obtained from large particles. The smaller particles 
allowed the obtainment of high density, indeed causing the briquettes to get stronger [52].  

Burning rate (BR). Figure 1 (c) shows the effect of particle size on the BR of 
combustion. The BR value obtained ranged from 0.55 to 0.78 g/min. The largest BR was 
shown by the briquettes with large particles, and the smallest BR was indicated by the 
briquettes with medium particle size. The smaller particles caused lower porosity, so that 
mass transfer (i.e. water vapor, volatile matter, and oxygen infiltration) was inhibited. The 
inhibited mass transfer resulted in a higher BR [53]. Large particle shows that are not linear 
with the theory, this can occur due to the effect of differences in humidity, errors during 
briquette drying, or errors in the combustion treatment.  

Specific fuel consumption (SFC). The results of SFC were presented, ranging from 
0.066 to 0.1 g/mL (Fig. 1(c)). The lowest SFC value was obtained by the medium size, while 
the highest SFC was obtained in the sample with large particles. Briquettes made from large 
particles produced a large calorific value when they are burned. The high calorific value 
caused a high SFC value. The higher calorific value of the briquette combustion resulted in a 
better quality of briquettes [54].  

Water boiling test (WBT). The water boiling test evaluates the thermal efficiency of 
briquettes [55]. Table 2 shows the results of the water boiling test (WBT) on variations in 
particle size. The data explains that the smaller particles of TD, ANS, and CN caused the 
water temperature to increase quickly. The best briquettes from the WBT test results are 
briquettes with small particles. Small particles in the briquettes have a low cavity, even almost 
non-porous. The less porous causes a higher calorific value so that the burning of the 
briquettes can increase the water temperature quickly.  
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Fig. 1. Effect of particle size on briquettes' performance: (a) CD, RD, RR, (b) PMC, PWRI, 

DI (c) BR and SFC 
 
Table 2. Water boiling test (WBT) as a function of particle size of    
Particle size (µm) Burning time (min) Initial temperature (°C) Final temperature (°C) 

500 6.10 
27 

84 
150 6.01 88 
100 5.50 90 

 
Variations of composition 
Density. Figure 2 (a) shows the CD, RD, and RR of the briquettes with varying particle 

sizes. The density is an important parameter that can affect the quality of briquettes. In 
general, higher densities result in better briquette quality [56]. The highest CD was obtained 
at the raw material composition ratio of 50/50/30. The lowest CD was obtained at the ratio 
with the raw material composition of 90/10/30. The same ratio between TD and ANS resulted 
in high CD values. The more TD results in the smaller CD value. This can be caused by the 
characteristics of the TD material which cause many pores in the briquette, causing the 
briquette density to decrease. The density was affected by the size and homogeneity of the 
briquette constituents. 

The RD value of briquettes ranged from 0.7 to 0.8 g/cm3. The highest RD value was 
obtained in the material ratio of 40/60/30 and 50/50/30, while the lowest value was shown by 
briquettes with a ratio of 10/90/30, 60/40/30, and 90/10/30. From these results, it can be 
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analyzed that the high carbon content of ANS causes a high RD value. However, briquettes 
with a ratio of 10/90/30 show anomalies. This anomaly could be caused by various 
possibilities such as the error of the researcher in making measurements, the inaccuracy of 
measuring instruments, errors in drying briquettes, and so on. 

ANS carbon could create high RD values because of lower moisture content. The lower 
moisture content resulted in a greater RD value [48]. However, our results show an anomaly 
in the results of TD/ANS/CN were 10/90/30. This can be caused by errors in the production 
process (pressure, temperature, etc.) [57]. 

The RR value of samples with composition ratios of 10/90/30 and 60/40/30 was the 
highest. Meanwhile, briquettes with the ratios of 40/60/30, 50/50/30, and 90/10/30 show a 
low RR value. The results are almost inversely proportional to the RD value. The greater RD 
value resulted in the RR value. The anomaly was shown by briquettes with a ratio of 90/10/30, 
which still had a low RR value even though it had a low RD value. This anomaly might be 
caused by briquettes with a ratio of 90/10/30, which had not dried completely during the 
drying process. But in general, the RR value indicated that the change in briquette density 
from wet to dry, and is relatively stable. The mean RR values ranged from 1.7 to 1.8. The 
range of these values is quite good. Other reports showed the RR values ranging from 1.8 to 
2.25 using coconut coir, and the other is from 1.65 to 1.80 using rice straw [58]. 

Percentage moisture content (PMC). The PMC values ranging from 50 to 56% are 
shown in Figure 3 (b). The highest PMC value was obtained from briquettes with 
compositions of 50/50/30 and 60/40/30 and the lowest PMC values were obtained from 
briquettes with a composition of 10/90/30. A high PMC value indicates the high humidity of 
the briquette. High humidity will make the briquettes produce a lot of smoke when they are 
burned [59]. The higher content of ANS resulted in a lower PMC. The carbonization process 
on the ANS reduces the moisture of ANS [60]. 

Percentage of water resistance index (PWRI). The results of PWRI varied between 82 
and 91% are shown in Fig. 3(b). The PWRI indicates the resistance of the briquette to the 
water. The good have high PWRI. Thus, they are not easily destroyed when absorbing water 
[61]. The lowest PWRI value was obtained at the raw material composition ratio of 60/40/30. 
The highest PWRI value was obtained at the raw material composition ratio of 90/10/30. The 
TD material caused the briquettes to have a high PWRI. The briquettes from TD have a low 
moisture content [3]. Low moisture content increases the resistance of briquettes to water 
[62]; therefore, the briquettes with a high TD concentration are more resistant to water. 

Burning rate (BR). The results of BR shown in Fig. 3(c) ranged from 0.55 to 0.84 g/min. 
The highest value was indicated by the material ratio of 10/90/30 and the lowest value was 
indicated by the material ratio of 50/50/30. The BR value is affected by the density of the 
briquette. The denser briquette resulted in the longer briquettes running out when it is burned. 
This is due to the higher the briquette's compacting pressure and processing temperature 
caused to higher density and energy content per unit volume of briquettes [63]. 

Percentage of durability index (DI). Figure 3 (b) shows the DI value. The results of the 
study showed a good DI value, where the average was between 94.9 and 96.2%. The highest 
DI value was obtained from briquettes with TD/ANS/CN at the ratio of 40/60/30, while the 
lowest DI value was obtained at a ratio of 60/40/30. The briquettes with a higher ANS ratio 
showed a higher DI value than other briquettes because the ANS particle had a smaller 
surface area. This can be seen from the smaller ANS particles that make the higher density. 
The high density makes the briquettes not easily crushed. The high density of briquettes 
improves the handling properties and compressive strength of the briquettes [64]. 

Specific fuel consumption (SFC). Based on Figure 2 (d), the SFC value varied between 
0.066 and 0.097 g/mL. Briquettes with a larger ANS composition showed a higher SFC. The 
lowest SFC value was obtained at the variation of the raw material composition ratio of 
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50/50/30. The best briquettes were found at a TD/ANS/CN ratio of 40/60/30. The SFC value 
shows the quantity of fuel needed to boil water. Therefore, the greater the SFC value resulted 
in the better quality of the briquettes. 

 

 
Fig. 2. Analysis composition variations on several parameters: (a) CD, RD, RR, (b) PMC, 

PWRI, DI (c) BR, and (d) SFC 
 

Water boiling test (WBT). Table 3 shows the results of the water boiling test (WBT) on 
variations in the raw material composition of TD/ANS/CN. The water boiling test evaluates 
the efficiency of briquettes to increase the temperature [55]. The data obtained explains that 
the mix of TD/ANS/CN ingredients with a ratio of 50/50/30 maximizes the quality of the 
briquettes. The high ANS carbon content reduces the humidity of the briquettes so that 
moisture does not hinder the combustion process. 
 
Table 3. Water boiling test (WBT) as a function of TD/ANS/CN ratio 
TD/ANS/CN ratio Burning time (min) Initial temperature (°C) Final temperature (°C) 

10/90/30 5.57 

27 

86 
40/60/30 6.29 85 
50/50/30 6.01 88 
60/40/30 5.52 84 
90/10/30 6.15 85 
 
Mechanical test. Figure 3 shows the results of the compressive test. The level of 

briquette hardness was expressed by the height of the curve peak (maximum force). The 
briquettes with varying particle sizes show the peak from low to high respectively indicated 
by the large, medium, and small size particles. The smaller the particle size made the 
briquettes harder. Briquettes with a small particle size have a high density because the bonds 
between the particles are tighter [65]. The addition of a tapioca starch binder also makes each 
particle of the material bind more strongly [66]. 
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The curve peaks of the briquettes with variations in material composition (medium 
particle size) were scattered between the peaks of the large and small particles. However, the 
peak of the briquette curve with a composition of 10/90/30 looks higher than the peak of the 
briquette curve with medium size. This result is due to the effect of the high ANS content. 
ANS carbon could increase the hardness of the briquettes, making the briquettes stronger 
from collisions.  

 

 
Fig. 3. Compressive test of all sample's briquettes 

 
Table 4. Puncture test analysis results as a function of particle size and TD/ANS/CN ratio 

No Particle size (µm) TD/ANS/CN ratio 
500 150 100 90/10/30 60/40/30 50/50/30 40/60/30 10/90/30 

1 95 65 30 70 73 60 57 45 
2 92 73 34 78 69 67 53 45 
3 95 64 45 74 74 66 61 40 
4 92 70 43 72 73 72 56 42 
5 92 66 35 78 74 69 61 45 

average 93.20 67.60 37.40 74.40 72.60 66.80 57.60 43.40 
 

Table 4 shows the results of the puncture test. The hard and compact briquettes make 
the needle more difficult to puncture so that the average puncture test result will be small. 
Conversely, briquettes that are not hard and porous make it easier for the needle to puncture 
the briquette so that the average puncture test result will be large. In line with the results of 
the compressive test, briquettes with large particles showed a large puncture test result, while 
the smaller the particle size indicated a smaller puncture test result. The results of the 
briquette puncture test with variations in the composition were spread between 37.40 and 
93.20. This result was greater than the average result of briquettes with small particles' 
puncture test. It is smaller than the average result of briquettes with large particles' puncture 
test. This can occur because the briquettes with various material compositions were made 
with medium particle size. The level of hardness of briquettes was influenced by particle size, 
characteristics of the material, and compressive strength. 

 
4. Conclusion  
The effect of particle size and biomass ratio on the quality of briquettes obtained from TD, 
ANS, and CN has been investigated. The study has several novelties, which relate to the 
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improvement of briquettes' quality: (i) the evaluation of particle size of raw materials; (ii) 
effects of the composition of raw materials; (iii) combination of carbon and dried biomass; 
and (iv) the use of raw materials that are almost unused and typically disposed directly to the 
environment. The best briquettes are briquettes with small particles (100 µm) and 
TD/ANS/CN biomass ratios of 40/60/30 and 10/90/30. The briquettes will be better if the 
smaller the particle size and the more ANS ratio is used. The high ANS ratio makes the 
compressive strength high because the ANS particle has a smaller surface area. ANS which is 
smaller makes the resulting particle denser when compared to TD. This research is important 
because it utilizes biomass as an alternative fuel to reduce environmental pollution. The good 
quality briquettes were dense, having low moisture, good strength, and waterproof, as well as 
high heating value and low burning times. 
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	CD = Wc/Vc, (1)
	RD =Wr/Vr, (2)
	RR = CD/RD, (3)
	(2) Percentage moisture content (PMC) was determined by calculating the initial mass of briquettes immediately after molding (W1), and the mass of briquettes after complete drying (W2)[45]. PMC is calculated with Eq. (4).
	PMC = [(W1-W2)/W2]  X 100%. (4)
	(3) Water boiling test (WBT) is a test used to determine the efficiency of briquette combustion. It was carried out by burning the briquette sample, the heat from the combustion was used to boil 100 mL of water in a beaker. The increase in water tempe...
	(4) Burning rate (BR) is the combustion rate which was calculated by the ratio of the mass lost when combustion with the total time used [46], calculated using Eq. (5).
	BR =Q/T, (5)
	where Q is the mass of briquette burnt out (g) and T is the total burning time (min).
	(5) Specific fuel consumption (SFC) shows the ratio of the mass of the briquettes burned to the amount of water to boil [46] and it is determined using Eq. (6).
	SFC =Q/V, (6)
	where Q is the mass of burning briquettes (g) and V is the volume of boiling water (mL).
	(6) Percentage of water resistance index (PWRI) test was conducted by immersing the briquettes in water with a temperature of 27ºC for 30 seconds[47]. PWRI is calculated using Eq. (7) and (8).
	PWA = [(Q2-Q1)/Q1] X 100, (7)
	PWRI = 100% - PWA, (8)
	where PWA is the percentage of water absorbed, Q1 is the initial mass of briquettes (g), and Q2 is the final mass of briquettes (g).
	(7) Percentage of durability index (DI). To analyze DI, the mass of the briquettes was measured. The briquettes were put into a plastic bag, while the air in the plastic was removed. The briquettes were dropped from a height of 2 m onto a solid surfac...
	DI =  Q2/Q1X100, (9)
	where Q1 is the mass before being put together (g), and Q2 is the mass after being  dropped (g).
	(8) Mechanical test. To analyze the mechanical characteristics of the briquettes, we carried out a compressive test and a puncture test [29,28]. The compressive test was performed using a screw stand test instrument (Mode I ALX-J, China) equipped with...
	Effect of particle size
	Density. Figure 1(a) shows the density in terms of CD, RD, and RR of the briquettes under varying particle sizes. The CD value varied from 1.10 to 1.38 g/cm3. The highest CD value was obtained at the medium particle size of medium sizes. The lowest CD...
	Percentage moisture content (PMC). Figure 1(b) shows the results of PMC analysis on briquettes with different particle sizes. The PMC values ranged from 48 to 56%. Results showed that the relative moisture of the briquettes increased with the smaller ...
	Percentage of water resistance index (PWRI). PWRI is an analysis that shows the percentage of water content absorbed by the briquette with the effect of particle size (Fig. 1(b)). The highest PWRI was obtained for briquettes with large particles, whil...
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