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Abstract. This study aims to increase the calorific value of woody cutting 

waste briquette by adding activated carbon. The previous experiments 

showed that the highest calorific value of woody cutting waste briquette 

reached only 3 630 kCal kg–1. In this research, activated carbon was made 

of Palmyra palm fiber using H3PO4 as an activator solvent. There are four 

different proportion of activated carbon used in the experiment, for 

example, 5 %, 10 %, 15 %, and 20 % with 10 % tapioca flour binder. The 

woody cutting waste were carbonized and sieved into 50 mesh to 100 

mesh. The briquette performance was tested using proximate analysis, 

bomb calorimeter, and combustion analysis. The addition of activated 

carbon in briquette could increase the calorific value from 3 630 kCal kg–1 

to around 4 500 kCal kg–1. 

 
Keywords: Activated carbon, briquette, calorific value, palmyra palm 

fiber, reactive, woody waste.  

1 Introduction   
Activated carbon is a type of carbon activated at a certain temperature to produce a high 

inner surface area and have complex pores. With these characteristics, activated carbon is 

very suitable for applications that require large contact areas, such as adsorption processes, 

reactions, catalysts and so on. Some literature shows that activated carbon is mostly applied 

as an absorber. According to [1] used a mixture of activated carbon and amendment 

charcoal to dissolve Polycyclic Aromatic Hydrocarbons (PAHs) in sewage sludge. The 

results showed that activated carbon and carbon were able to effectively reduce the 

concentration of water in PAH pores. Angin  [2] created activated carbon from sour cherry 

plants (Prunus cerasus L.) to remove basic textile dyes. 
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In addition to the absorption properties, activated carbon has a greater heating value 

compared to carbon charcoal. Carrier et al., [3] compared the characteristics of activated 

carbon and carbon charcoal made from sugarcane bagasse. The results of the comparison 

showed that activated carbon had a higher fixed carbon content than sugarcane bagasse 

char, which was 69 %. While sugar cane charcoal had a fixed carbon content of only  

36.2 %. The higher the carbon content, the greater the calorific value. Chen et al., [4] 

utilizied activated carbon waste captured by air pollution regulators. The activated carbon 

was then washed using deionized water and mixed into organic sludge fuel. The results 

showed that there was a significant increase in heat value and carbon content in the fuel 

when residual activated carbon was added. The highest heating value that could be 

achieved is 4 515 kCal kg–1. In addition, other studies showed that the calorific value of 

unburned carbon in activated carbon waste was more than 4 000 kCal kg–1, thus activated 

carbon had the potential to be used as an alternative fuel [5]. 

The aim of this present study was to increase the calorific value of woody cutting 

waste briquette by adding activated carbon. The previous experiments showed that the 

highest calorific value reaches only 3 630 kCal kg–1. In this research, activated carbon was 

made of palmyra palm fiber using H3PO4 as an activator solvent. H3PO4 was chosen since it 

was able to produce higher area than NaOH and KOH solvent based on the earlier 

experiment. The surface area of activated carbon produced by H3PO4 solvent is  

373.567 5 m2 g–1. Meanwhile, NaOH and KOH solvent resulted area of 33.878 78 m2 g–1 

and 218.823 0 m2 g–1, respectively. There are four different proportion of activated carbon 

used in the experiment, for example, 5 %, 10 %, 15 %, and 20 % with 10 % tapioca flour 

binder. The woody cutting waste were carbonized and sieved into 50 mesh to 100 mesh. 

The briquette performance were tested using proximate analysis, bomb calorimeter, and 

combustion analysis. 

 

2 Methodology 

2.1 Preparation of raw materials and activated carbon production 

As aforementioned, the main purpose of this research is to increase the existing briquette 

quality by adding activated carbon in some various of percentage. The raw material used to 

produce activated carbon was Palmyra palm fiber (as can be seen in Figure 1). The fiber 

was collected and dried naturally under the sun and also in the oven to facilitate the 

carbonization process. The carbonization process was carried out by burning it in the 

reactor with a temperature of around 400 °C to 500 °C. The charcoal produced from this 

process was then sieved to a size of 50 mesh to 100 mesh.  

 

 
Fig. 1. Palmyra palm fiber waste. 
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Fig. 2. Activation process. 

 The next step, the charcoal was impregnated with 30 % of NaOH in a stirrer for 24 h. 

NaOH saturated raw materials before it was activated. Subsequently, it was filtered using 

distilled water until the pH reached 7 and dried using an oven at a temperature of 105 °C 

for 1 h which aimed to eliminate the NaOH content left in the ingredients. Activated carbon 

process was performed by adding H3PO4 over 24 h to create pores. Figure 2 shows the 

process of activated carbon. Then the material was rewashed and dried at 105 °C. 

Eventually, the activated carbon was heated at 300 °C to remove the remaining content 

2.2 Briquette production 

The woody waste char was crushed up to 50 mesh to 100 mesh using pulvurizer mill. There 

was four variation of mixture which the detailed could be seen in Table 1. The binder 

percentage was made of tapioca starch. The adhesive percentage was chosen as 10 % since 

it had great performance based on various literatures. The briquette geometry was 3.5 cm × 

3 cm (diameter × height). The molding process used a briquetting hydraulic press (BHP), 

with two tons power. The next step was drying the briquette  in the oven to evaporate the 

water content. Figure 3 the prototype of briquettes. 

 
Table 1. Distribution of composition for each variation 

 

 

 

 

 

 

 

  

  

 

 
Fig. 3. Briquettes prototype 

No 
Charcoal 

percentage 

Activated carbon 

percentage 

Adhesives 

percentage 

1 85 % 5 % 10 % 

2 80 % 10 % 10 % 

3 75 % 15 % 10 % 

4 70 % 20 % 10 % 
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 Three types of test conducted in this research consist of proximate test, combustion 

test, and bomb calorimeter test. Physics characteristics comprising moisture content, ash 

content, volatile matter, and fixed carbon content as well as calorific value were examined 

in Tekmira Bandung. The test output was compared to Indonesian National Standard (SNI). 

As shown in Figure 4, to perform combustion test, the plate was heated for around two 

minutes. The briquette then was put on the hot plate and the initial ignition time was 

observed until ember appeared. Infrared thermometer was used to monitor the temperature 

distribution of the briquettes for every one minute. The duration of combustion process was 

accounted until the briquette altered to ash. This procedure was replied three times. Table 2 

shows the design of experiment.  

 

 
Fig. 4. Installation Scheme for Combustion Test (1): digital balance; (2): portable gas stove; 

(3): iron sheet; (4): briquette; (5): infrared thermometer; (6): gas hose; (7): regulator;            

(8): gas holder). 

 
Table 2. Design of Experiment 

Input data Output data 

Constant variable Independent variable Measured data 

• Briquette 

Dimension 

• Raw Material and 

Briquette Mass 

• Briquette Drying 

Temperature 

• Ratio of tapioca 

flour and water 

• Ratio between 

activated 

carbon and 

woody cutting 

waste char 

• Physic 

Characteristics 

• Inial Ignition Time 

• Combustion 

Temperature 

• Briquette Mass 

Difference During 

Combustion Process 

• Calorific Value 

3 Results and discussion  

3.1 Proximate test 

Figure 5 shows the proximate test results. It contains the information about the physic 

characteristics of briquette with and without adding activated carbon The moisture content 

of the briquette combined with activated carbon stood around 5 %. These value were under 

the Indonesia National Standard which the maximum limit is 8 %. Ash content increased 

slowly over the activated carbon percentage. 5 % of activated carbon in briquette possed 

23.03 %, which was the lowest ash content among the variation. Meanwhile, the highest 

ash content was found in 20 % activated carbon variation and reached up to 24.31 %. 

Compare to the briquette contained pure woody waste char, it was obtained that the 

activated carbon briquette had lower ash content. It was true since mostly in the briquette 
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without activated carbon addition was made of twigs and leaves which tended to produce 

higher ash content [7]. According to [8], leaves contained the highest silica content. 

 

 
Fig. 5. Proximate analysis results.  

 

 

Fig. 6. Combustion test result (a: Initial ignition time; b: Combustion duration) 
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3.2 Combustion Characteristics 
As shown in Figure 6Fig. 6. Combustion test result (a: Initial ignition time; b: Combustion 

duration), 20 % of activated carbon percentage had the shortest initial ignition time, while 

there was the longest initial ignition time in the briquette with 0 % activated carbon. It 

occured since activated carbon had a wider area. Therefore, this briquette containing more 

activated carbon could be ignited more rapidly. Figure 6 also illustrates the duration of 

combustion process. 0 % of activated carbon briquette had the shortest combustion time 

period. The main reason is due to the lowest moisture content among other types. 

 

Fig. 7. Temperature distribution on briquette surface on combustion test with variation of activated 

carbon 

 

Figure 7 provides the information about the temperature distribution during the 

combustion process. There was a significant temperature difference between briquette with 

and without activated carbon. The highest temperature of briquette with 0 % activated 

carbon was only 452 °C. Meawhile, briquette with activated carbon almost reached 620 °C. 

Based on the result [9], the biochar containing a lower fixed carbon causes a modest 

temperature. The highest fixed carbon was around 60 % and the combustion temperatur 

could reach approximately 600 °C. 

 
3.3 Calorific value  
 
Based on the Table 3, the addition of activated carbon in briquette could increase the 

calorific value from 3 630 kCal kg–1 to around 4 500 kCal kg–1. Moreover, the higher 

content of activated carbon, the calorific value was also greater. The obtained result 

was similar to other findings. The briquette with greater fixed carbon content was 

prone to produce higher calorific value [10, 11]. 
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Table 3. Calorific value of each variation 

 

No Variation 
Result 

(kCal kg–1) 

1 0 % 3 630 

2 5 % 4 578 

3 10 % 4 592 

4 15 % 4 577 

5 20 % 4 528 

 

4 Conclusion 

The addition of activated carbon in briquette could increase the calorific value from  

3 630 kCal kg–1 to around 4 500 kCal kg–1. However, the activated carbon briquette still 

could not meet the Indonesian National Standard, especially related to ash content, fixed 

carbon, and calorific value. 

 
This work was funded by LPPM UISI in 2019 through Hibah Riset Terapan scheme with 

number: 04/KP.03/03-01.03.01/03.19. The title of the research is Karakteristik Briket Sampah 

Organik UISI dengan Variasi Penambahan Arang dan Karbon Aktif Siwalan. 
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