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Abstract: Indonesia is one of the largest coconut-producing countries in the world. The utilization of coconut shell waste into briquettes will increase the selling value and become a great export opportunity. However, the effect of adhesives on the quality of coconut shell charcoal briquettes made using screw extruder machine has not been widely studied. This study aims to determine the effect of adhesive type on the quality of coconut shell charcoal briquettes. The process of fabricating briquettes in this study included crushing, mixing, blending, pressing, and drying. In the mixing process, 3 types of adhesives were used, namely tapioca flour (Briquette_1), cassava flour (Briquette_2), and modified cassava flour (Briquette_3) with a concentration of 5% of the weight of coconut shell charcoal powders. The quality of the resulting briquettes and commercial briquettes will be evaluated by moisture content, ash content, volatile matter, fixed carbon, calorific value, density, compressive, and drop test testing. The results of this research showed that the type of adhesive had a significant effect on the quality of the briquettes produced. Specimen Briquette_1 had better quality than commercial briquettes (Briquette_4) and other briquette specimens. The test results showed that Briquette_1 produced briquettes with better compressive strength and friability than the other specimens, at 6.95 N/mm2 and 4.44%, respectively. The moisture content, ash content, fixed carbon, and calorific value of Briquette_1 have met the requirements set by the Indonesian National Standard (SNI) number 01-6235-2000. Meanwhile, the volatile matter content and density of Briquette_1 are by the standards of Japan and the United States America (USA).
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1  Introduction

Indonesia has the biggest global expanse of coconut farms, encompassing over 3.88 million hectares. The production of coconuts holds significant significance in the national economy of Indonesia, positioning the country as the second-largest global producer of this agricultural commodity [1,2]. Indonesia possesses a cumulative expanse of 3.6 million hectares dedicated to coconut plantations, with around 90 per cent of this land being managed by small-scale farmers [3]. The total land area dedicated to coconut plantations in Indonesia is around 3,343,000 hectares, while the quantity of coconut fruit harvested from small-scale farms amounted to 2,822,000 tonnes [4,5]. According to the cited source, the composition of a coconut fruit includes three main components: meat, coir, and shell.

It is reported that each of these components accounts for 28%, 35%, and 12% of the coconut fruit, respectively [6]. The cumulative quantity of coconut shells generated amounts to 338,640,000 metric tons.

The utilization of coconut shell waste presents opportunities for the production of many commodities, including handicrafts, coconut shell charcoal, and briquettes. This practice might potentially generate supplementary income for farmers. The utilization of coconut shells has promise to enhance farmers’ economic opportunities by means of producing coconut shell charcoal and briquettes. The creation of coconut shell charcoal and briquettes has the potential to make a valuable contribution to both the local and global circular economy. This is achieved through the generation of coconut shell and husk biochar, which can be utilized for economic advancement and environmental enhancement [7–9].

The manufacture of coconut shell charcoal briquettes will improve the appearance of coconut shells so that they have a selling value and become a great export opportunity. Briquettes are fuels made from organic materials in the form of solids or blocks that are made by using pressure so that briquette solids can be formed. Briquettes have advantages, including high heat generation, smokeless, non-toxic, longer flame, and environmentally friendly [8,10] Coconut shell charcoal briquettes produced in Indonesia have been distributed and marketed in several regions, including Europe, America, and the Middle East. Coconut shell charcoal briquette production has emerged as a thriving industry in Indonesia, with its goods being extensively exported to numerous nations across the globe [11].

Coconut shell charcoal briquettes exhibit varying applications across diverse regions of the country. Coconut shell charcoal briquettes are a prevalent fuel source for barbeque purposes across the European region. In the Middle East region, briquettes serve as a primary source of fuel for sissa. The Sissa is a conventional water pipe commonly employed in the Middle Eastern region to smoke flavoured tobacco [12,13] Indonesian coconut shell charcoal briquettes are in high demand due to their high calorific value, which ranges from 6,161 to 7,110 calories per gram [14–16]. The manufacturing process of coconut shell charcoal briquettes includes multiple steps, varying depending on the particular production methodology employed. Briquette production typically involves a series of phases, including carbonation, crushing, mixing, blending, molding, and drying [17,18]. The utilization of tapioca starch as an adhesive in the production of briquettes derived from coconut shell charcoal has been widely conducted [19,20].

Tapioca starch has many advantages as an adhesive in the briquetting procedure, including its ability to biodegrade, classified as a renewable resource, non-toxic characteristics, and cost efficiency. The material has good adhesive properties, produces few combustion by-products, and offers flexibility for formulation modifications [21,22] However, the material’s susceptibility to moisture and its limited ability to withstand high temperatures can be considered a disadvantage. In addition, there may be concerns regarding microbial proliferation, limited compatibility, and inconsistent quality [22–24].

Hence, the present investigation involved the production of briquettes derived from coconut shell charcoal by the utilization of diverse adhesive agents. The adhesives employed in this study encompass tapioca flour, cassava flour, and modified cassava flour. The objective of this study is to investigate the impact of different adhesive types on several attributes of coconut shell charcoal briquettes, encompassing moisture content, ash content, volatile matter, bound carbon, calorific value, density, drop test performance, and compressive strength. Furthermore, the coconut shell charcoal briquettes manufactured by PT Arka Tama Indonesia will undergo testing procedures, and the outcomes of these tests will serve as a benchmark for evaluating the quality of the coconut shell charcoal briquettes produced.

2  Materials and Methods

2.1 Materials

The coconut shell charcoal (Fig. 1) used in this study was obtained from a local charcoal producer located in Tuntang District, Semarang Regency, Central Java, Indonesia. This coconut shell charcoal has an ash content, moisture content, fixed carbon, and calorific value of 3%, 15%, 73%, and 7.744 kcal/kg, respectively.
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Figure 1: Coconut shell charcoal

In this study, tapioca flour, cassava flour, and modified cassava flour (mocaf) were used as adhesives in the manufacture of briquettes made from coconut shell charcoal. Tapioca flour consists of approximately 17% amylose, which serves as an effective binding agent through its ability to absorb water and produce a dense gel with high viscosity, thereby increasing water and moisture retention [25]. The pH level, moisture content, amount of carbohydrates, density, and viscosity of tapioca flour were measured to be 4.7–5.3, 10%–13.5%, 86.55%, 0.610 (g/cm3), and 9.77 (cSt), respectively [26–28]. Cassava flour, which is obtained from the roots of the cassava plant through several processing steps, is a highly valuable commodity. Due to its characteristic advantages, such as its transparent visual quality, lack of objectionable taste, and ideal viscosity, it is widely recognized as an essential component in the field of food production. The pH level, moisture content, amount of carbohydrates, density, and viscosity of cassava flour were measured to be 5.5 to 8.5, 6.34%–14.58%, 26%–27%, 0.57–0.79 (g/cm3), and 2697.67–3667.00 (Cp), respectively [29,30]. Modified Cassava Flour (MOCAF) is a cassava flour product processed using the principle of modifying cassava cells by fermentation using LAB (Lactic Acid Bacteria) microbes. Mocaf has a starch content of 85%–87%. The moisture content, amount of carbohydrates, and viscosity of mocaf were measured to be 13.3%–13.8%, 60%, and 70 (Cp), respectively [31,32].

2.2 Specimen Fabrications

The process of making charcoal briquettes from coconut shells involved several well-organised steps, as shown in Fig. 2. The coconut shells were turned into coconut shell charcoal powder with a size of 40 mesh using a disk mill machine. Next, the coconut shell charcoal powder was mixed with water and adhesive using a mixer machine. In this study, the water and adhesive content used were 25% and 5%, respectively. The specimen codes used in this study are shown in Table 1. The product obtained from the mixer process was blended using a screw extruder machine with a repetition of 3 times. The process of making coconut shell charcoal briquettes used a screw extruder machine at 1650 rpm. The briquettes formed were cut manually with a size of 2.5 cm × 2.5 cm × 2.5 cm. The drying process was carried out using an oven at a temperature of 100°C for 3 h. To determine the effect of the type of adhesive used on the quality of coconut shell charcoal briquettes produced, in this study, proximate testing (moisture content, ash content, volatile matter, and bound carbon), calorific value testing, density, drop test, and compressive testing were carried out. The same tests were also carried out on coconut shell charcoal briquettes made by PT Arka Tama Indonesia.
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Figure 2: Experiment setup
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In this study, moisture content was tested in briquettes by ASTM D-3173-17. While testing ash content, volatile matter, and fixed carbon is done by ASTM D-3174-12, ASTM D-3175-17, and ASTM D-3172-13. Furthermore, calorific value testing was carried out following ASTM D-240. Density testing on the briquettes produced in this study was carried out following ASTM B-311-17. The drop test was conducted by dropping the coconut shell charcoal briquettes at a height of 1.83 m onto a hard surface. The drop test was conducted to determine the size stability of the briquettes produced. This test refers to ASTM D-440-07 R02. The compressive test is a test conducted to determine the strength capacity of the material against the applied pressure. Compressive testing is carried out by placing the specimen on a universal testing machine and pressing until deformation occurs on the briquette with a constant pressure in the pressure range of 2–4 kg/cm2 per s [33].

3  Results and Discussions

The water content of a briquette is the amount of water contained in a briquette [18,34]. A high-water content will affect the calorific value of the briquettes. In addition, high water content in briquettes will result in the appearance of cracks, making the briquettes unstable. This will cause problems when the briquettes are stored and distributed [35,36]. Fig. 3 shows the effect of adhesive type variation on the water content of briquette specimens from coconut shell charcoal. Based on the test results, it can be seen that the water content of each briquette specimen is different. The test results of water content (%) for Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 6.80, 6.46, 2.96, and 4.97, respectively. The difference in water content results was due to differences in the characteristics of the types of briquette adhesive. The findings of this study are consistent with those of Wahyuni et al.’s study, which found that the type of adhesive used can affect the moisture content of briquettes, indicating that the adhesive eventually controls the moisture content of the briquettes that are formed [33]. The water content of briquettes with tapioca flour adhesive (Briquette_1) was higher than briquettes using cassava flour and mocaf. This is because tapioca flour generally has a higher moisture content than cassava flour and mocaf.
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Figure 3: Effect of adhesive type on water content of briquette specimens

Some literature states that good quality tapioca flour, cassava flour, and mocaf should have a maximum moisture content of 10%–13.5% [26], 10.38% [37], and 9.34% [38], respectively. Water content in this range can ensure microbial stability during the storage of tapioca flour, cassava flour, and mocaf. So that flour storage becomes more effective and does not experience damage during storage [37,38]. In addition, tapioca flour is known to have high water absorption compared to cassava flour and mocaf [39,40]. Thus, briquettes with tapioca flour adhesive produced the highest moisture content compared to other specimens. The results of this study indicated that the water content in all coconut shell charcoal briquette specimens had met the criteria of Indonesian National Standard (SNI) number 01-6235-2000 with a standard water content of <8% [41].

The ash content in briquette specimens made from coconut shell charcoal is the residue resulting from combustion during combustion [34,42,43]. Fig. 4 shows the effect of types of adhesives on the ash content of briquette specimens made from coconut shell charcoal.
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Figure 4: Effect of adhesive type on ash content of briquette specimens

The type of adhesive used affects the ash content of the briquettes produced [44,45]. The main element of ash is the mineral silica, and it hurts the calorific value produced, so the higher the ash content, the lower the quality of the briquettes [44,45]. The ash content test results for Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 1.93%, 1.71%, 2.23%, and 1.87%, respectively. This research found that the highest ash content was produced from Briquette_3 with a mocaf adhesive of 2.23%, and the lowest ash content was produced from Briquette_2 with a cassava flour adhesive of 1.71%. The difference in test results was due to the different ash content of each adhesive. Research conducted by Asmoro et al. (2021) stated that the ash content in tapioca flour and cassava flour is relatively the same, namely 1.1%, while the ash content in mocaf is 1.3% [46]. In addition, previous research shows that the ash content in mocaf is 1.54%–2.3% [47]. While in cassava flour, the ash content was found to be 1.01%–2.06% [48]. The results of this study indicate that the ash content in all coconut shell charcoal briquette specimens has met the criteria of Indonesian National Standard (SNI) number 01-6235-2000 with a standard ash content of <8% [41].

Volatile matter is a substance that can evaporate as a result of the decomposition of compounds still present in the briquette, in addition to moisture content, bound carbon, and ash content [49]. Volatile matter is an indicator of the quality of briquettes consisting of hydrogen, carbon monoxide (CO), methane (CH4), CO2, and H2O [50]. Fig. 5 shows the comparison of volatile matter in briquette specimens made using different adhesives. Volatile matter in specimens of Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 21.78%, 21.53%, 19.03%, and 17.25%, respectively. The results of this study showed that the volatile matter content of briquettes is influenced by the type of adhesive used [36]. Research conducted by Tambunan et al. showed that the type and percentage of adhesive in the manufacture of charcoal briquettes greatly affects the volatile matter content of the briquettes. The high volatile matter will accelerate the combustion of carbon materials so that the carbon content produced is lower and the smoke produced is more during combustion [51]. Furthermore, the high volatile matter concentration indicates that the fuel sample is ready to ignite with a proportionate flame throughout the combustion process [52]. However, volatile matter in all briquette specimens produced in this study does not meet the criteria of Indonesian National Standard (SNI) number 01-6235-2000 which determines the standard of volatile matter in briquettes of <15% [41]. However, the results of this study have met the standards of Japan and United States of America (USA) with volatile matter in the range of 15% to 30% and 19% to 28% [53].
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Figure 5: Effect of adhesive type on volatile matter of briquette specimens

Fig. 6 shows the effect of varying types of adhesives on the value of fixed carbon in briquette specimens made from coconut shell charcoal. The results showed that the fixed carbon of the briquette specimens was influenced by the type of adhesive used.
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Figure 6: Effect of adhesive type on fixed carbon of briquette specimens

Fixed carbon in Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 76.75%, 69.18%, 78.74%, and 80.88%, respectively. The highest fixed carbon was found in the commercial briquette (Briquette_4) specimen. While the specimen with the lowest fixed carbon was found in specimen 2. This happened because the commercial briquette specimen had the lowest volatile matter compared to other specimens. While Briquette_2 was the specimen that had the highest volatile matters. The higher the volatile matters, the lower the fixed carbon and conversely [54–57].

Fixed carbon is the carbon remaining in the charcoal briquette after the volatile matter is removed. Therefore, if a charcoal briquette has a higher volatile substance content, it will lose more of its original mass, which results in a lower percentage of fixed carbon in the final product. The increase in fixed carbon content may be due to the increased interlock of the coconut shell charcoal particles and the adhesive during the briquetting process. The higher the fixed carbon content, the higher the briquette quality [50,58]. Fixed carbon produced in all briquette specimens made from coconut shell charcoal has met the criteria of Japanese standards, with fixed carbon in the range of 60% to 80% [53].

Fig. 7 shows the effect of different types of adhesives on the calorific value of briquettes made from coconut shell charcoal. Based on the test results, it can be seen that the calorific value of each briquette specimen is influenced by the type of adhesive used [59,60]. The calorific value (Kcal/kg) of Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 7,040; 7,003; 7,181; and 7,014, respectively. The results of this study showed that Briquette_3 produced the highest calorific value compared to the other specimens. This happened because Briquette_3 was the specimen with the lowest water content. The lower the water content, the higher the calorific value of the briquette [61]. Water is a material that has a high specific heat capacity. This indicates that water requires a large amount of energy to raise its temperature [62,63]. High water content in briquettes can lead to inefficient combustion as energy is used to vaporize the water and not released as heat. Incomplete combustion can reduce the effective calorific value [64]. Therefore, an increase in the water content of coconut shell charcoal briquettes will decrease their calorific value because some of the energy is spent on evaporating water rather than generating heat and conversely [65]. Handra et al. discovered that the more adhesive applied, the higher the water content of the briquettes. This drastically decreases the calorific value of the briquettes. Because of the high-water content, the briquettes will be difficult to ignite and thus tough to burn. Briquettes with excessive water will need more air to dry, making them hard to burn [65]. The results of this study indicate that the calorific value of all briquette specimens made from coconut shell charcoal has met the criteria of Indonesian National Standard (SNI) number 01-6235-2000, with a standard calorific value of >5000 Kcal/kg [41].

[image: images]

Figure 7: Effect of adhesive type on calorific value of briquette specimens

The results of this study indicated that the density of briquettes produced was influenced by the use of adhesive types (Fig. 8). In general, the use of adhesives in the production of charcoal briquettes was to improve their physical properties. The addition of adhesives can increase the density of the briquettes so that the briquettes become denser and easier to handle. The density (g/cm3) produced in Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 1.003; 1.010; 0.905, and 0.900, respectively. The highest density was found in Briquette_2. While the lowest density was found in the commercial briquette (Briquette_4) specimen.
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Figure 8: Effect of adhesive type on density of briquette specimens

The results of this study showed that the density of all briquette specimens met the minimum density determined by the British standard of 0.48 g/cm3. However, briquette specimens that met Japanese standards were only Briquette_1 and Briquette_2. This was because the density of briquettes based on Japanese standards was in the range of 1 to 2 g/cm3.

In addition, Briquette_1 and Briquette_2 produced in this study also had a density determined by the USA standard of ≥1 g/cm3 [34,53]. Research conducted by Carnaje et al. states that density affects the combustion efficiency and durability of briquettes. In general, consumers prefer briquettes with high density. This is because briquettes with high density facilitate the processes of transportation, distribution, and storage [66].

Fig. 9 shows the effect of adhesive type on the compressive strength of briquettes made from coconut shell charcoal. The results of this study showed that the type of adhesive affects the compressive strength of the briquettes produced. The compressive strength (N/mm2) for Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 6.95; 3.59; 2.13, and 3.26, respectively. The highest compressive strength was found in Briquette_1. While Briquette_3 had the lowest compressive strength. The results of this study showed that only Briquette_1 had a compressive strength that met Japanese standards, which was 60 to 65 kg/cm2 or 5.88 to 6.37 N/mm2 [67].
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Figure 9: Effect of adhesive type on compressive strength of briquette specimens

In another study, it was mentioned that the compressive strength of coal briquettes that is suitable for the industry is 3.8 kg/cm2. Based on this standard, all briquette specimens produced in this study have met the standard for industrial applications. This is because all briquette specimens produced in this study have a compressive strength greater than 3.8 kg/cm2 [68]. The resistance of charcoal briquettes to external pressure, which has the potential to cause fracture or disintegration, is directly dependent on their compressive strength. A greater value of compressive strength signifies a heightened ability to withstand external pressure, consequently reducing the likelihood of the charcoal briquettes being damaged. Furthermore, briquettes exhibiting high compressive strength are characterized by increased hardness and enhanced manageability, facilitating their transportation and storage. Augmenting the compressive strength can also fortify the durability of the briquettes by impeding water absorption capacity, thereby shortening their lifespan [69,70].

In this study, the drop test on briquettes was carried out when the briquettes were unburned and had burned completely or were red. The drop test was used to obtain the level of destruction of briquettes, namely the level of destruction or separation of briquette particles due to impact after being dropped at a height of 1.83 m. The drop test results will obtain the size stability and friability of the coconut shell charcoal briquette specimen. In this study, the drop test was carried out with three repetitions and then calculations were made to determine the average value of size stability (%) and friability (%) of the briquette specimens. Size stability (%) in briquette specimens was obtained by comparing the weight of briquettes after dropping (g) and the weight of briquettes before dropping (g).

Meanwhile, the friability or lost particles (%) in the briquette specimen was obtained from 100% minus the size stability in the briquette specimen. The greater the size stability and the smaller the friability, the less mass was lost during the testing process. This showed that the quality of the briquettes produced was getting better. The results of the drop test on briquette specimens are shown in Table 2.
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In the unburned condition, the friability (%) of Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 0, 0.47, 0.63, and 0.71, respectively. While the size stability (%) in Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 100, 99.53, 99.37, and 99.29, respectively. The best size stability (%) and friability (%) when the briquettes were not burned were found in Briquette_1. This was because Briquette_1 produces the most stable size and lowest friability compared to the other specimens. Based on the reference, the maximum friability limit on charcoal briquettes is <4% [71]. The results of this study showed that the friability (%) of all coconut shell charcoal briquette specimens before burning was still lower than the maximum friability limit. This showed that all specimens of coconut shell charcoal briquettes before being burned had good friability (%).

Under fully burnt conditions, the friability of Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 4.44%, 63.98%, 58.7%, and 15.05%, respectively. While the size stability of Briquette_1, Briquette_2, Briquette_3, and Briquette_4 specimens were 95.56%, 36.02%, 41.38%, and 4.95%, respectively. The best size stability (%) and friability (%) when the briquettes were fully burnt were found in Briquette_1. This was because specimen 1 produced the most stable size and lowest friability compared to the other specimens. This happened because when the specimens burned, Briquette_2 and Briquette_3 experienced cracks. Meanwhile, Briquette_1 did not have any cracks appearing when the briquettes were burnt, as seen in Fig. 10.
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Figure 10: Briquette specimens (a) Briquette_1, (b) Briquette_2, and (c) Briquette_1 are in the fully burnt condition

The cracks formed in Briquette_2 and Briquette_3 when the briquettes burned completely caused the briquettes to break during the drop test. This resulted in low size stability (%) and high brittleness (%) in specimens 2 and 3. The results of this study showed that the friability (%) of all coconut shell charcoal briquette specimens when burning completely was higher than the maximum friability limit of <4%. However, Briquette_1 produced the friability (%) that was closest to the predetermined maximum friability limit of <4% [71]. Tapioca flour has a higher adhesion than cassava flour and mocaf in the production of coconut shell charcoal briquettes. Due to its chemical composition and physical characteristics, tapioca flour demonstrates a higher adhesion level than cassava flour and mocaf during the production process of coconut shell charcoal briquettes. Tapioca flour possesses a notable abundance of amylose and amylopectin, both of which are extensive chains of glucose molecules that can establish robust connections with other substances. Additionally, tapioca flour exhibits a lower gelatinization temperature, leading to its dissolution and the formation of a sticky paste at temperatures lower than that of cassava flour and mocaf. This favourable attribute facilitates seamless amalgamation with other materials and fosters the formation of a potent interaction. Conversely, cassava flour and mocaf contain a lower amylose content and higher gelatinization temperatures, potentially resulting in diminished adhesion and mechanical strength of the briquettes. This causes the briquettes with tapioca flour to adhere more tightly between the particles. Therefore, the briquettes produced are still strong after the drop test. Briquettes using cassava flour and mocaf adhesives were weaker due to lower adhesion [21,72,16].

4  Conclusions

The production of coconut shell charcoal briquettes using tapioca flour, cassava flour, and mocaf as an adhesive in this research was successfully carried out using a screw extruder machine. This research investigated the effect of the type of adhesive on the quality of the coconut shell charcoal briquettes produced. The results of this research showed that the type of adhesive used significantly influences the quality of the coconut shell charcoal briquettes produced. The type of adhesive used can affect the various properties of coconut shell charcoal briquettes, including proximate, ultimate, physical, and mechanical characteristics. The results of this research showed that the moisture content, ash content, fixed carbon, and calorific value of all briquette specimens had met the requirements determined by the Indonesian National Standard (SNI) number 01-6235-2000. In addition, the volatile matter and density produced in all coconut shell charcoal briquette specimens had met the criteria determined by Japanese and American standards. All briquette specimens produced in this study had met standards for industrial applications because the compressive strength produced in all specimens exceeded 3.8 kg/cm2. However, only specimen 1 had a compressive strength that met the Japanese standard of 5.88 to 6.37 N/mm2.

The use of tapioca flour in Briquette_1 produced the best size stability (%) and friability (%) compared to other specimens, both in unburned and completely burned conditions. Tapioca flour had greater adhesion than cassava flour and mocaf in the production of coconut shell charcoal briquettes. This caused the briquettes with tapioca flour to adhere more tightly between the particles. Therefore, the briquettes produced were still strong after the drop test. Briquettes using cassava flour and mocaf adhesives were weaker due to lower adhesion. The results of the drop test showed that Briquette_1 produced the friability (%) that was closest to the predetermined maximum friability limit of <4%.
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Table 1: Specimen code of coconut shell charcoal briquettes

Specimen codes Remarks

Briquette 1 Coconut shell charcoal briquettes with tapioca flour adhesive

Briquette 2 Coconut shell charcoal briquettes with cassava flour

Briquette 3 Coconut shell charcoal briquettes with Modified Cassava Flour (MOCAF)

Briquette 4 Coconut shell charcoal briquettes made by PT Arka Tama Indonesia
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Table 2: Effect of adhesive type on size stability (%) and brittleness (%) of briquette specimens

Specimen codes Unburned conditions Burned completely conditions
Size stability (%) Friability (%) Size stability (%) Friability (%)
Briquette 1 100 0 95.56 4.44
Briquette 2 99.53 0.47 36.02 63.98
Briquette 3 99.37 0.63 41.3 58.7

Briquette 4 99.29 0.71 84.95 15.05
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