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This study aims to investigate the physicochemical and Fourier Transform Infrared 

(FTIR) characteristics of cocoa pod husk charcoal briquettes bonded with dragon fruit 

peel powder as a natural binder. Briquettes were prepared using three binder 

concentrations (15%, 20%, and 25% w/w based on 100 g of charcoal), followed by 

characterization of density, compressive strength, calorific value, moisture content, ash 

content, volatile matter, fixed carbon, and functional groups using FTIR spectroscopy. 

Among the tested formulations, briquettes containing 15% dragon fruit peel powder 

binder exhibited the highest calorific value (5134.89 cal/g), a density of 0.7789 g/cm³, 

moisture content of 4.5851%, volatile matter of 12.30%, fixed carbon of 74.78%, 

compressive strength of 0.7137 kg/cm², and ash content of 8.33%. FTIR analysis 

confirmed the presence of hydroxyl, carbonyl, aromatic, and polysaccharide functional 

groups associated with lignocellulosic biomass and pectin-containing binder. The 

findings demonstrate the feasibility of utilizing cocoa pod husk and dragon fruit peel 

wastes to produce natural-binder charcoal briquettes and provide a basis for further 

optimization of briquette quality. 
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1. INTRODUCTION

Energy plays a very important role in everyday human life. 

Energy sources are categorized into renewable resources and 

nonrenewable resources. One type of nonrenewable resource 

that has increased is fossil energy (coal, oil, and gas), while 

renewable energy has not been widely used. This condition 

results in the availability of fossil energy, especially 

petroleum, becoming increasingly scarce, causing Indonesia to 

experience very serious energy problems [1]. 

Data from the Ministry of Energy and Mineral Resources 

shows that Indonesia's oil reserves are only available for 9.5 

years and natural gas for 19.9 years, assuming there are no new 

discoveries of oil and gas reserves. Apart from that, looking at 

the consumption aspect, it shows that Indonesia's energy 

consumption has increased from 2020 to 2022, which is still 

dominated by the use of fossil energy [2]. 

Continuous use of petroleum not only makes the quantity 

increasingly depleted, but also causes various negative 

impacts in the form of environmental pollution. 

Environmental pollution can occur because the energy and raw 

materials used in petroleum processing can produce carbon 

monoxide, carbon dioxide, sulfur oxides, and water vapor 

gases which can have an impact on air pollution [3]. 

Some alternative energies that can be developed as a 

substitute for petroleum are natural gas and biomass. Biomass 

is a substitute for alternative energy sources that are based on 

raw materials that are easy to obtain, renewable, and whose 

products are easy to use by all humans, for example, solid 

organic waste. One of the biomass wastes that is abundant and 

underutilized is waste from plantation and agricultural 

activities, which can be utilized by turning it into a fuel called 

biobriquettes [4, 5]. 

Cocoa is one of the main plantation commodities whose role 

is quite important for the national economy. Central Sulawesi 

is the largest cocoa-producing region in Indonesia, with a total 

production of 125.9 thousand tons in 2023 and 125.2 thousand 

tons in 2024 [6]. High cocoa production also produces 

abundant cocoa pod waste, which has the potential to be used 

as a raw material for value-added products. Cocoa husk waste 

is a biomass with a composition that can be used as energy for 

briquette production because it contains approximately 23–

54% cellulose [7, 8]. 

The parts of the cocoa plant that are most often used are the 

seeds and fruit, while cocoa pod shells are the largest waste 

from the cocoa production process, weighing 706.500 tons in 

2021, down around 0.97% compared to the previous year [9]. 

This cocoa shell waste is only used as fertilizer and animal 

feed but still has weaknesses due to its high lignin content [10]. 

One way to deal with this waste is to process it into charcoal 

briquettes, which can be used as an alternative fuel.   

Briquettes are solid fuels that can be used as an alternative 

energy source in a certain form. The main ingredient that must 

be contained in the raw material for charcoal briquettes is 

lignocellulose. Lignocellulose consists of cellulose, 

hemicellulose, and lignin. The lignin content of cocoa fruit is 
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60.67%, cellulose (holocellulose) 36.47%, and hemicellulose 

18.90%. This content indicates that cocoa pod skin can be 

processed into charcoal, which contains a lot of carbon [11]. 

Of course, making charcoal briquettes cannot be separated 

from the addition of adhesive. Adhesive is a substance that has 

the ability to bond two objects through surface bonds. There 

are two types of raw materials that are commonly used as 

binders for making briquettes, namely inorganic binders and 

organic binders. Good adhesives generally use materials 

containing amylopectin, which is useful for binding charcoal 

particles; with adhesive, the pressure will be much smaller 

compared to briquettes without adhesive [12, 13]. 

Materials commonly used as adhesives include tapioca flour 

and sago flour. Sago flour contains around 27% amylose and 

around 73% amylopectin. Amylose is hard, while amylopectin 

is sticky, so it is suitable for use as an adhesive for charcoal 

briquettes. Sago bark waste contains important components, 

namely 57% cellulose and 38% lignin, so sago bark has great 

potential to be used as charcoal briquettes [14]. Meanwhile, 

tapioca has starch consisting of amylose and amylopectin, 

which makes it capable of binding the carbon in charcoal 

briquettes. Amylose provides hard properties, while 

amylopectin causes sticky properties [15]. 

One of the biomass wastes that can be used as adhesive is 

red dragon fruit skin. Red dragon fruit skin has quite a large 

percentage of the total weight of red dragon fruit and has a 

fairly high pectin content, namely ± 10.80%, while the pectin 

content in dried red dragon fruit is 14.6–20.14% [16]. The 

pectin contained in dragon fruit skin can be used as an 

adhesive in making charcoal briquettes. The use of adhesive 

from red dragon fruit peel, which contains pectin, also aims to 

reduce the use of inorganic adhesives, which can pollute the 

environment and can harm health, as well as reduce 

environmental pollution caused by red dragon fruit peel. 

Previous studies have demonstrated the feasibility of 

utilizing cocoa pod husk biomass for the production of 

charcoal briquettes using starch-based binders. Among others, 

cocoa pod husk briquettes prepared using cassava starch as a 

binder exhibited a moisture content of 10.5%, ash content of 

6.5%, volatile matter of 34.7%, fixed carbon of 58.8%, and a 

higher heating value of 17.94 MJ/kg, demonstrating the 

potential of cocoa pod husk as a renewable biomass fuel [17]. 

Another study reported that composite briquettes produced 

from dried cocoa pod husk and coconut fiber with a ratio of 

20:80 achieved a calorific value of 25.83 MJ/kg, along with 

satisfactory moisture content, ash content, density, and 

durability, using cassava starch as an adhesive [18]. Although 

starch-based adhesives, such as starch and cassava starch, have 

been proven to be able to produce biobriquettes with good 

characteristics, both materials are food commodities with 

relatively high economic value. Widespread use as a food 

ingredient can limit their long-term sustainability as a binder 

for industrial briquettes. Therefore, alternative adhesives are 

needed that not only produce high-quality biobriquettes but 

also come from underutilized biomass waste. One potential 

waste product is dried dragon fruit peel, which contains pectin 

and lignocellulose components that are expected to improve 

interparticle bonds and increase the added value of agricultural 

waste.   

Dragon fruit peel was selected because it contains relatively 

high amounts of pectin together with cellulose and 

hemicellulose, which are expected to promote interparticle 

bonding through hydrogen interactions during briquette 

molding and drying. Moreover, the direct utilization of dried 

dragon fruit peel powder without prior pectin extraction offers 

a simpler and more economical processing route compared 

with purified pectin or conventional starch-based binders. 

Nevertheless, information regarding the physicochemical 

characteristics and Fourier Transform Infrared (FTIR) profiles 

of cocoa pod husk charcoal briquettes prepared using dried 

dragon fruit peel powder as a natural binder remains very 

limited. 

Therefore, this study investigated the feasibility of using 

dried dragon fruit peel powder as a natural binder at 

concentrations of 15%, 20%, and 25% (w/w based on the mass 

of charcoal) for the production of cocoa pod husk charcoal 

briquettes. These binder concentrations were selected to 

evaluate the effect of binder content on the physicochemical 

properties and FTIR characteristics of the briquettes while 

maintaining a practical formulation for briquette production. 

The produced briquettes were characterized in terms of 

density, compressive strength, calorific value, moisture 

content, ash content, volatile matter, fixed carbon, and 

functional groups using FTIR spectroscopy. This study 

provides new insight into the simultaneous valorization of 

cocoa pod husk and dragon fruit peel wastes through the 

production of charcoal briquettes using a natural pectin-rich 

binder, thereby contributing to the development of more 

sustainable biomass-based solid fuels. 

 

 

2. METHOD 

 
2.1 Charcoal making 

 
Fresh cocoa pod husks were washed with tap water to 

remove adhering dirt and impurities before being sun-dried for 

approximately three days until a constant weight was obtained. 

The dried husks were then carbonized in a closed metal drum 

under limited oxygen conditions for approximately 3 h to 

produce charcoal while preventing complete combustion. 

After cooling naturally to room temperature, the charcoal was 

crushed using a mortar and pestle and sieved through a 120-

mesh sieve to obtain a uniform particle size prior to briquette 

preparation. 

 

2.2 Making charcoal briquettes 

 
For each formulation, 100 g of cocoa pod husk charcoal 

powder was mixed with dried dragon fruit peel powder as a 

natural binder at concentrations of 15 g, 20 g, and 25 g, 

corresponding to 15%, 20%, and 25% (w/w based on the mass 

of charcoal), respectively. Distilled water (75 mL) was added 

to each formulation to produce a homogeneous mixture. The 

mixture was thoroughly stirred and then molded into 

cylindrical briquettes using a steel mold with a diameter of 2.0 

cm and a height of 2.7 cm. The briquettes were compressed 

using a hydraulic press at a pressure of 10 MPa and maintained 

under pressure for approximately 1 min before being removed 

from the mold. The molded briquettes were subsequently sun-

dried for three days until a constant weight was achieved and 

then stored in airtight containers prior to physicochemical 

characterization. 

The binder concentration was calculated based on the mass 

of dried dragon fruit peel powder relative to the mass of 

charcoal using the following equation:
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𝐵𝑖𝑛𝑑𝑒𝑟 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (%) 

=
(𝑀𝑎𝑠𝑠 𝑜𝑓 𝑏𝑖𝑛𝑑𝑒𝑟)

(𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙)
× 100% 

(1) 

where the charcoal mass was maintained at 100 g for all 

formulations. 

2.3 Charcoal briquette testing 

The parameters for testing the quality of briquettes in this 

research are: calorific value, density, compressive strength, 

water content, ash content, volatile matter content, and bound 

carbon content. 

2.4 Fourier Transform Infrared analysis 

FTIR spectroscopy was performed to identify the functional 

groups present in cocoa pod husk charcoal briquettes prepared 

with different concentrations of dried dragon fruit peel powder 

binder (15%, 20%, and 25% w/w based on the mass of 

charcoal). Prior to analysis, the briquette samples were ground 

into fine powder using a mortar and pestle to obtain a 

homogeneous sample. The FTIR spectra were recorded over 

the wavenumber range of 4000–500 cm⁻¹ at room temperature. 

The obtained spectra were analyzed to identify the 

characteristic absorption bands corresponding to hydroxyl (O–

H), aliphatic (C–H), carbonyl (C=O), aromatic (C=C), and 

polysaccharide (C–O) functional groups. Variations in the 

absorption bands were used to evaluate the interaction 

between cocoa pod husk charcoal and the dried dragon fruit 

peel powder binder within the briquette matrix. 

2.5 Calorific value 

The calorific value of the briquettes was determined using a 

bomb calorimeter. The sample was combusted to completion, 

and the heat released per unit mass was calculated (cal/g). 

The calorific value was measured using a bomb calorimeter 

following these steps. The sample (≤ 1.0 g) was weighed. The 

length of the Ni–Cr ignition wire was measured before the test 

(5 cm and 8 cm), and the nichrome wire was attached to the 

electrodes. Then 2 kg of water was put into the reservoir. The 

bomb was assembled and tightened, avoiding excessive 

pressure. Then a cover, anode/cathode cable, and thermometer 

were installed, and then waited for 10 minutes until the 

temperature on the LED was constant; then the last bombing 

of the sample was performed, and the temperature at the time 

of bombing the sample was recorded. 

Calculation of calorific value is done using the Gross 

Energy formula, namely: 

𝐺𝐸 (
𝐶𝑎𝑙

𝑔
) =

(𝑇2 − 𝑇1) × 1.325.605

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
(2) 

where, T1 is the initial temperature (℃), T2 is the final 

temperature (℃), and 1.325.605 is the hydrothermal 

equivalent value (HE)/ temperature constant (cal/℃). 

2.6 Density 

The density of the briquettes was determined from the ratio 

of mass to volume. Briquette mass was measured using an 

analytical balance, while the diameter and height of each 

cylindrical briquette were measured using a digital caliper. 

The briquette volume was calculated using the cylinder 

volume equation, and density was expressed in g/cm³ [5]. 

𝑝 (
𝑔

𝑐𝑚3
) =

𝑚

𝑣
(3) 

where, p is the density, m is the mass of the briquette, v is the 

volume of the briquette. 

To determine the volume of the briquette (cylinder volume), 

the dimensions of the briquette need to be measured using a 

caliper. 

2.7 Moisture content 

The method of testing water content is done by putting the 

cup to be used into the oven at 105 ℃ until the weight of the 

cup is constant for ± 30 minutes, then cooling it in a desiccator 

and then weighing it as the weight of the empty cup. A 2 g 

charcoal briquette sample was placed in a cup and oven-dried 

at 105 ℃ for 30 min. After that, it was cooled in a desiccator 

and then weighed, repeating this step until a constant sample 

weight was obtained [19]. Moisture content is calculated using 

the formula: 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡(%) =
(𝑏 − 𝑐)

(𝑏 − 𝑎)
× 100% (4) 

where, a is the weight of the empty cup (g), b is the weight of 

the empty cup + sample (g), and c is the weight of the empty 

cup + sample after heating in the oven (g) [20]. 

2.8 Ash content 

Ash content was determined by first placing a clean, dry 

porcelain crucible in an oven at 105 ℃ for 30 min until a 

constant weight was obtained. The crucible was then cooled in 

a desiccator and weighed. Approximately 1 g of the charcoal 

briquette sample was placed into the porcelain crucible. The 

crucible containing the sample was transferred to a muffle 

furnace and heated at 600 ℃ for 3 h. After heating, the crucible 

was cooled in a desiccator and weighed. The sample used for 

the ash content determination was the residue obtained from 

the moisture content test [19]. 

Ash content was calculated using the formula: 

𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡(%) =
(𝑐 − 𝑎)

(𝑏)
× 100% (5) 

where, a is the weight of the empty cup (g), b is the weight of 

the sample (g), and c is the weight of the empty cup + the 

weight of the sample after heating in the furnace (g) [20]. 

2.9 Volatile matter 

Volatile matter was determined by first drying a clean 

porcelain crucible in an oven at 105 ℃ for 30 min, cooling it 

in a desiccator, and weighing it. The drying–cooling–weighing 

cycle was repeated until a constant mass was obtained. Then 

cooled in a desiccator and weighed. Then, 1 g of charcoal 

briquette sample was put into the cup and heated in a furnace 

at 950 ℃ for 3 hours. After that, it was cooled in a desiccator 

and weighed. The volatile substance content test uses samples 

from the results of the water content test.  

Calculation of volatile substances is done using the formula: 
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𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑒 𝑀𝑎𝑡𝑡𝑒𝑟 (%) =
(𝑊1 − 𝑊2)

𝑊1

× 100% (6) 

 

where, W1 is the dry sample weight of the water content (g), 

W2 is the dry sample weight of the water content after heating 

(g) [19]. 

 

2.10 Experimental replication 

 

All briquette formulations were prepared independently, 

and each physicochemical property was measured in triplicate. 

The values presented in this study represent the average of 

three independent measurements conducted under identical 

experimental conditions. 
 

2.11 Fixed carbon content 
 

Fixed carbon content is obtained from the value of water 

content, ash content, and volatile or fly substance content. 

Method of calculation: 

 

𝐹𝑖𝑥𝑒𝑑 𝑐𝑎𝑟𝑏𝑜𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%)
= 100% − (𝑀𝐶 + 𝑉𝑀
+ 𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡) 

(7) 

 

where MC is the moisture content (%), and VM is the volatile 

matter content (%). 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Charcoal briquette characteristics 

Charcoal briquettes in this study were made with various 

concentrations of dragon fruit peel adhesive, namely 15%, 

20%, and 25% (w/w based on 100 g charcoal). The briquettes 

are then characterized, including density, compressive 

strength, calorific value, water content, ash content, volatile 

matter content, and bound carbon content. The results of the 

characterization of charcoal briquettes from cocoa shells with 

dried dragon fruit peel powder binder are presented in Table 

1. 

 

3.2 Making charcoal briquettes 

 

Cocoa pod shells are a promising lignocellulosic biomass 

for charcoal briquette production because they contain high 

amounts of lignin, cellulose, holocellulose, and hemicellulose, 

which contribute to char formation during carbonization. The 

relatively high lignin content enhances the fixed carbon yield 

and improves the structural integrity of the resulting charcoal, 

whereas cellulose and hemicellulose thermally decompose to 

form volatile compounds and carbonaceous residues [21]. 

Drum carbonization was selected because it provides a 

limited-oxygen environment that minimizes complete 

combustion and promotes the formation of charcoal with a 

higher carbon content and lower ash production. The 

carbonization process was carried out for 3 h, which allowed 

sufficient thermal decomposition of the biomass while 

minimizing carbon loss due to overburning [5]. 

The resulting charcoal was ground and sieved to 120 mesh 

to obtain a uniform particle size. Fine particles provide a larger 

specific surface area and more contact points between the 

charcoal and the binder, thereby improving particle packing 

during compaction. This uniformity contributes to higher 

briquette density, enhanced mechanical strength, and more 

stable combustion behavior. 

The briquettes were compacted at 10 MPa, a pressure 

sufficient to increase particle contact without causing 

structural damage. Higher compaction pressure reduces void 

spaces between particles, resulting in denser briquettes with 

improved mechanical integrity and combustion performance. 

These factors collectively contribute to the improved physical 

quality of the briquettes.  

The effectiveness of red dragon fruit peel powder as a 

natural binder is attributed to its pectin-rich polysaccharide 

matrix, together with cellulose and hemicellulose, which 

contain abundant hydroxyl (–OH) and carboxyl (–COOH) 

functional groups [16]. These functional groups promote 

hydrogen bonding with oxygen-containing functional groups 

on the charcoal surface, as supported by the FTIR spectra 

presented in this study [22]. During compaction, the hydrated 

binder fills the voids between charcoal particles and forms a 

continuous matrix that bridges adjacent particles. After drying, 

moisture removal strengthens this network, thereby increasing 

interparticle adhesion, reducing porosity, and improving the 

structural stability of the briquettes [13]. Consequently, this 

binding mechanism explains the enhanced density, 

mechanical strength, and fuel properties observed in the 

briquettes containing red dragon fruit peel powder. 

 

Table 1. Physicochemical characteristics of cocoa shell charcoal briquettes and comparison with international standards 
 

Briquette Properties 
Experimental Results Briquette Standards 

15% 20%  25% SNI Japan UK USA 

Adhesive mass per 100 g charcoal (g) 15 20 25 - - - - 

Density (g/cm³) 0.7789 0.8739 0.8851 > 0.5-0.6 1-2 0.46 1 

Compressive strength (kg/cm²) 0.7137 1.4274 1.7843 50 60-65 12.7 62 

Calorific value (cal/g) 5134.89 4319.04 3835.65 5000 6000-7000 7300 6500 

Moisture content (%) 4.5851 5.3664 5.3849 < 8 6-8 3.6 6.2 

Ash content (%) 8.33 8.67 8.76 < 8 3-6 5.9 8.3 

Volatile matter (%) 12.30 10.65 9.36 < 15 15-30 16.4 19-24 

Fixed carbon (%) 74.78 75.31 76.50 > 77 60-80 75.3 60 
 

Drying is carried out in the sun for 3 days to reduce the 

water content of the briquettes, which comes from the powder 

binder solvent, namely distilled water, making it easier to burn 

the briquettes. The dried briquettes are then put into an airtight 

container so that the briquettes remain dry because charcoal 

briquettes are hygroscopic; if left in the open air, the briquettes 

will absorb water molecules from the surrounding air, which 

will cause the quality of the briquettes to decrease. The 

resulting briquettes are then characterized. 

 

3.3 Fourier Transform Infrared analysis of cocoa shell 

charcoal briquettes 

 

FTIR spectroscopy was employed to investigate the 
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chemical structure of cocoa shell charcoal briquettes produced 

using different concentrations of dragon fruit peel powder 

binder. The FTIR spectra of the briquettes are presented in 

Figure 1. 

The FTIR spectra of cocoa shell charcoal briquettes 

prepared with different concentrations of dragon fruit peel 

powder binder are presented in Figure 1, while the 

corresponding functional group assignments are summarized 

in Table 2. The spectra exhibited several characteristic 

absorption bands corresponding to the major functional groups 

present in the briquette components. A broad absorption band 

observed in the region of 3200–3600 cm⁻¹ was attributed to O–

H stretching vibrations associated with hydroxyl groups 

originating from cellulose, hemicellulose, and pectin 

compounds. The presence of this absorption band confirms the 

contribution of lignocellulosic materials from cocoa pod husk 

and pectin-rich dragon fruit peel powder binder [22, 23]. 

 

 
 

Figure 1. Fourier Transform Infrared (FTIR) spectra of 

cocoa shell charcoal briquettes prepared with 15%, 20%, and 

25% dragon fruit peel powder binder concentrations 

 

As shown in Table 2, the absorption band around 2850–

2950 cm⁻¹ corresponded to aliphatic C–H stretching 

vibrations, indicating the presence of hydrocarbon structures 

commonly found in biomass-derived materials. Absorption 

peaks observed in the region of 1600–1700 cm⁻¹ were assigned 

to carbonyl (C=O) stretching and aromatic C=C vibrations 

associated with lignin and pectin components [24, 25]. These 

functional groups contribute to the binding mechanism 

between charcoal particles and the natural powder binder. 

 

Table 2. Assignment of Fourier Transform Infrared (FTIR) 

absorption bands of cocoa shell charcoal briquettes 

 
Wavenumber 

(cm-1) 

Functional 

Group 
Assignment 

3200-3600 O–H 
Hydroxyl stretching 

vibration 

2850-2950 C–H 
Aliphatic stretching 

vibration 

1600-1700 C=O / C=C 
Carbonyl and aromatic 

vibration 

1400-1500 C–H bending Lignocellulosic structure 

1000-1200 C–O 
Polysaccharide stretching 

vibration 

700-900 Aromatic C–H 
Out-of-plane aromatic 

vibration 

 

Furthermore, strong absorption bands in the range of 1000–

1200 cm⁻¹ were attributed to C–O stretching vibrations of 

polysaccharides, mainly cellulose and pectin. The persistence 

of these bands indicates that bioactive components from 

dragon fruit peel remained present in the briquette matrix after 

the molding and drying processes. Similar absorption bands 

have been reported for lignocellulosic biomass and pectin-

containing materials [16, 23]. 

Differences in the intensity of O–H and C=O absorption 

bands among the briquettes suggest that increasing powder 

binder concentration affects the abundance of oxygen-

containing functional groups within the briquette structure. 

This observation confirms the incorporation of dragon fruit 

peel powder binder into the briquette matrix and supports its 

role as an effective natural binder. The presence of hydroxyl 

and carbonyl functional groups is expected to enhance 

intermolecular interactions and improve particle cohesion 

during briquette formation [13]. 

 

3.4 Characteristics of charcoal briquettes 

 

Calorific value 

Determining the calorific value is the most important 

quality standard for charcoal briquettes as fuel, so the calorific 

value will determine the quality of the charcoal briquettes. The 

higher the calorific value of the fuel, the better the quality 

produced. The high or low calorific value is influenced by the 

water content and ash content of the charcoal briquettes. The 

higher the water content and ash content of the briquettes, the 

lower the calorific value of the briquettes produced [24, 25]. 

The calorific value produced at each powder binder 

concentration can be seen in Table 1. Based on this, it can be 

seen that the highest calorific value is obtained from a powder 

binder concentration of 15%, amounting to 5134.89 cal/g, and 

the lowest calorific value is obtained from a powder binder 

concentration of 25%, amounting to 3835.65 cal/g. The higher 

the powder binder concentration, the lower the calorific value 

produced. This is because the calorific value of briquettes is 

influenced by the water content of the briquettes; briquettes 

with a high powder binder concentration contain a lot of water 

content, so that it will reduce the heat in the briquettes 

themselves; the heat is first used to evaporate the water in the 

briquettes [19, 25]. The best calorific value and compliance 

with SNI 01-6235-2000 in this study were found at a powder 

binder concentration of 15%, namely 5134.89 cal/g. 

 

Density 

Density shows the ratio between the mass and volume of 

charcoal briquettes. The size of the density is influenced by the 

size of the powder and the strength of the pressure during the 

printing process. The size of the density is influenced by the 

size of the powder and the strength of the pressure during the 

printing process. The density value influences the burning rate 

and heating value of the briquettes. Density is influenced by 

the homogeneity of the powder binder mixture with charcoal; 

with more even mixing, the stronger the charcoal briquettes 

produced will be. This causes the charcoal particles to be fairly 

even [5, 19]. Therefore, to obtain a good density value, the 

researchers in this study first sifted the cocoa shell charcoal 

using a mesh 120 sieve so that the size of the charcoal powder 

would be finer. The briquette density values in this study can 

be seen in Table 1. Based on this data, it can be seen that 

density is directly proportional to powder binder 

concentration. The results of the research obtained the density 

value of briquette charcoal ranging from 0.7789–0.8851 
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g/cm3, which meets SNI 01-6235-2000, namely > 0.5-0.6. 

The highest density value (Table 1) was obtained from 

charcoal briquettes with 25% powder binder, namely 0.8851 

g/cm3, and the lowest with 15% powder binder, namely 0.7789 

g/cm3. This shows that the higher the powder binder content, 

the higher the density value of the briquettes. Increasing 

powder binder content will increase the bonding power 

between particles so that it can reduce the voids in charcoal 

briquettes [26]. Briquetted charcoal that has a high density has 

advantages, including being denser and stronger, and having 

high stability [5, 19]. 

 

Compressive strength 

Compressive strength testing in making charcoal briquettes 

is very necessary because it can determine how resistant the 

charcoal briquettes are when hit by a hard object, so it is useful 

during the packaging, distribution, and storage process [26]. 

Compressive strength is a characteristic of briquetted charcoal 

that is related to the durability or sturdiness of the briquetted 

charcoal against external pressure, causing the briquetted 

charcoal to break or crumble. The higher the compressive 

strength value, the better the resistance of the charcoal 

briquette to breaking [27].  

Based on the data in Table 1, the highest compressive 

strength was observed for briquettes with 25% binder (1.7843 

kg/cm²), whereas the lowest value was observed for those with 

15% binder (0.7137 kg/cm²). The dragon fruit peel powder 

binder used in the process of making charcoal briquettes 

makes the density of the charcoal briquettes greater. The 

greater the powder binder concentration used in the charcoal 

briquette composition, the compressive strength value of the 

resulting charcoal briquettes will increase [19, 27]. 

 

Moisture content 

The water content of solid fuels affects combustion 

characteristics. Therefore, the water content in biobriquettes 

must be as low as possible so that it does not require a lot of 

energy to dry it. High water content will cause the resulting 

briquettes to be difficult to ignite [5, 26]. 

Based on research data in Table 1, the water content 

obtained was 4.5851% to 5.3849%, which meets the quality of 

SNI 01-6235-2000, namely < 8%. This is because the water 

content in the cocoa pod husks evaporates during the 

carbonization process; the longer the carbonization process, 

the lower the water content [26]. The water content value 

influences the combustion characteristics, where briquette 

charcoal that has a low water content will cause a fast 

combustion process. Meanwhile, charcoal briquettes with high 

moisture content will burn slowly [19, 27]. 

 

Ash content 

Ash content is a mineral that cannot be burned and is what 

remains after the combustion process; the changes or reactions 

that accompany it are complete. High ash content will affect 

the quality of charcoal briquettes, especially the calorific value 

produced. High ash content can reduce the calorific value of 

briquettes, thereby reducing the calorific value of briquettes 

[19, 25]. 

The results of the analysis of ash content in charcoal 

briquettes from cocoa shell waste with red dragon fruit peel 

powder binder are shown in Table 1. In the sample with 15% 

powder binder, the ash content was 8.33%, the sample with 

20% powder binder was 8.67%, and the sample with 25% 

powder binder was 8.76%. This shows that the higher the 

powder binder concentration, the higher the ash content 

produced. High ash content causes low quality of charcoal 

briquettes. The cause of the high ash content in briquettes is 

that the amount of biomass is increasing, so the silica 

contained in the biomass is also increasing [8, 28]. The ash 

content results obtained met the American standard, namely 

8.3% (Table 1). 

 

Volatile matter levels 

Volatile content is a substance (volatile matter) that can 

evaporate as a result of the decomposition of compounds that 

are still contained in charcoal other than water. The high 

content of volatile substances in charcoal briquettes will cause 

more smoke when the briquettes are lit. The high smoke 

content is caused by a reaction between carbon monoxide 

(CO) and alcohol derivatives [5, 27]. 

The results of testing volatile substance levels can be seen 

in Table 1. The highest levels of volatile substances were 

obtained from charcoal briquettes with a powder binder 

concentration of 15% at 12.30%, followed by charcoal 

briquettes with a powder binder concentration of 20% at 

10.65%, and the lowest from charcoal briquettes with a 

powder binder concentration of 25% was 9.36%. The low level 

of volatile substances is caused by the lack of non-carbon 

compounds in the sample, for example, oxygen atoms, which 

are strongly bound to the carbon atoms in the briquettes in the 

form of carbon dioxide and carbon monoxide. The level of 

volatile substances is influenced by the perfection of the 

carbonization process as well as the temperature and time of 

combustion. The higher the temperature and cooking time, the 

higher the amount of volatile matter that is wasted, so that 

during the test it will produce low volatile matter [8, 27]. The 

high levels of volatile substances in briquettes will produce 

quite a lot of smoke when the briquettes are burned [24]. 

Overall, in testing the levels of volatile substances from the 

three powder binder concentrations met SNI 01-6235-2000, 

namely below 15%. 

 

Fixed carbon content 

The fixed carbon content represents the carbon fraction 

remaining in the briquettes after subtracting the moisture, ash, 

and volatile matter contents. It is an important quality 

parameter because a higher fixed carbon content generally 

contributes to a higher calorific value, longer burning time, 

and cleaner combustion with reduced smoke generation [14, 

19]. As shown in Table 1, the fixed carbon content increased 

slightly with increasing dried dragon fruit peel powder binder 

concentration, from 74.78% at 15% binder to 75.31% at 20% 

binder and 76.50% at 25% binder. This trend indicates a slight 

increase in fixed carbon content with increasing binder 

concentration. The observed increase may be associated with 

the lignocellulosic constituents of the dried dragon fruit peel 

powder, although the overall fixed carbon values remained 

slightly below the minimum requirement specified by SNI 01-

6235-2000. Therefore, additional studies are required to 

clarify the contribution of the binder to fixed carbon 

formation. 

Overall, the physicochemical characterization revealed that 

moisture content and volatile matter met the requirements of 

SNI 01-6235-2000 for all briquette formulations. However, 

the ash content slightly exceeded the maximum allowable 

limit, whereas the fixed carbon content (74.78–76.50%) 

remained marginally below the minimum requirement of 77%. 

Only the briquettes containing 15% dried dragon fruit peel 
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powder binder achieved the minimum calorific value specified 

by the standard (5000 cal/g). These findings indicate that 

optimizing the binder concentration and the briquette 

manufacturing process is necessary to improve fuel quality 

and achieve full compliance with SNI 01-6235-2000. Despite 

these limitations, dried dragon fruit peel powder exhibited 

promising potential as a sustainable natural binder for biomass 

briquettes due to its favorable influence on the overall 

physicochemical characteristics of the briquettes. 

4. CONCLUSIONS

This study demonstrated that dried dragon fruit peel powder 

can be utilized as a natural binder for the production of cocoa 

pod husk charcoal briquettes with acceptable physicochemical 

characteristics. Among the tested formulations, each binder 

concentration exhibited distinct performance characteristics. 

Briquettes prepared with 15% binder showed the highest 

calorific value (5134.89 cal/g) and the lowest ash content 

(8.33%), whereas increasing the binder concentration 

improved the density, compressive strength, and fixed carbon 

content of the briquettes. All formulations satisfied the 

Indonesian National Standard (SNI 01-6235-2000) 

requirements for moisture content, volatile matter, and fixed 

carbon, although the ash content slightly exceeded the 

specified SNI limit. FTIR analysis confirmed the presence of 

hydroxyl (O–H), carbonyl (C=O), aromatic (C=C), and 

polysaccharide (C–O) functional groups, indicating the 

successful incorporation of dried dragon fruit peel powder into 

the briquette matrix. These findings demonstrate the potential 

of simultaneously valorizing cocoa pod husk and dragon fruit 

peel wastes for the production of biomass-based charcoal 

briquettes using a natural pectin-rich binder. Further studies 

are recommended to evaluate combustion performance, 

gaseous emissions, and long-term storage stability before 

practical large-scale application. 
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