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Abstract. Activated carbon is a versatile porous material that widely applied to purify, 

deodorize, decolorize, remove or reduce some gases harmful constituents and storage of gas. 

For different application different characteristics of activated carbon is required. This paper 

concerns to find out the characteristics of activated carbons derived from tabah bamboo 

(Gigantochloc nigrociliata) that physically activated with different activation holding time. 

Prepared tabah bamboo was carbonized by heating up to the temperature of 800 OC for two 

hours. The char produced was powdered and then activated physically by heating up to 800 OC, 

soaked at that temperature during each 1, 1.5 and 2 hours under 100 mL/min N2 flow. 

Activated carbons manufactured were characterized by proximate and ultimate analyses and 

SEM observation. The results show that the highest fix carbon (82.52%) and lowest ash 

(5.91 %) was obtained at 1 hour soaking time with moisture and volatile contents were 3.56% 

and 8.00 % respectively; the highest carbon (C) content of 84.16 % was yielded at soaked time 

of 1.5 hours; SEM observation shows that there were significant differences of morphology 

structure between raw material and activated carbons for all of the soaking time variations.  

The pores structures have been formed in the activated carbons produced. 

1. Introduction 

Activated carbon is a multifunction and versatile material. It is a very unique material due to having 

porosity in the size of molecules [1]. The pores of activated carbon have intense van der Waals forces 

and associated with its adsorption ability. Because of its high porosity [2] and very huge surface area 

[3], activated carbon has high adsorption capacity [4].  Activated carbons are widely used to purify 

water from industrial waste [5, 6], to storage of gas [7, 8], for water treatment [9], as a catalyst [10], as 

a material of double layer capacitor [11] and many others.  Due to the wider range of its use, the need 

for activated carbon will continually increase.   

Generally, commercial activated carbon is manufactured from coal, a non-renewable source, 

having a limitation of availability.  To overcome this limitation, biomass has become one of 

alternative raw material for the production of AC. Various of biomass have been researched and 

produced as activated carbons, including palm [6], coconut shell [12, 13], bamboo [5, 6, 14-16], coffee 

endocarp [17] and fine cone [18]. Bamboo is a biomass resource naturally growth in Indonesia and 

traditionally used as a structural material at traditional building and as traditional tools. Especially in 

Bali, bamboo has been used to make handicraft and it is an important material in ceremony religion. 

Commonly, bamboo is very fast growth [19] and available in a large volume. Another aspect causing 

it suitable for a resource of activated carbon is its chemical composition.  Commonly, the contents of 

lignin and alpha cellulose of bamboo are around 20 – 26% and 40-50%, respectively [20]. These 

cellulose and lignin contribute to the micropores and macropores formed of activated carbon, 

respectively.   

In order to convert bamboo to activated carbon is undertaken through carbonization and activation 

processes. Carbonization is a process to convert of raw material become charcoal [21] and to create 
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initial porosity [22]. This process eliminates non-carbon elements through thermal decomposition 

creating the higher material carbon content [23]. Activation is indeed to develop advanced porosity 

[24] by opening inaccessible initial pores, development of new pores and widening of existing pores 

[25]. Carbonization temperature is generally carried out around 400 to 850 OC and activation 

temperature is usually in the range of 600 – 900 OC [26].  Characteristic of activated carbon is 

influenced by the chemical composition of raw material and parameters of the production process. In 

this paper, the characteristic of activated carbon prepared from tabah bamboo produced with different 

activation holding time was investigated.  Tabah bamboo is original species of Balinese bamboo 

(Indonesia) having height, diameters and thickness are around  10 m,  5 cm and  6 mm, respectively. 

They can easily be found in almost all regency in Bali [27]. 

2. Method 

Tabah bamboos (Gigantochloc Nigrociliata) are used as the precursor. They are cut into small pieces, 

dehydrated by heating under the sunshine during 8 days and then heating for 1 hour in the electric 

furnace at a temperature of 110 OC. Carbonization was carried out by heating the samples until the 

temperature of 800 OC during 2 hours. Chars produced were powdered and continued to activation 

process which was undertaken by heating the samples up to a temperature of 800 OC, holding for each 

1, 1.5 and 2 hours under 100 mL/min nitrogen flow. Activated carbons produced were signed as FA1, 

FA1.5, and FA2 for holding activation of 1, 1.5 and 2 hours respectively. They are then characterized 

by proximate test (TGA 701, 0.02 % RSD Precision), ultimate test (elemental determination machine 

CHN628S) and SEM observation. The chemical composition of tabah bamboo was determined by Van 

Soest analysis.    

3. Results and discussion                                                                                                                                                                                       

3.1. Characteristics of tabah bamboo 

Characteristics of tabah bamboo have been evaluated at previous work [28] and illustrated in Figure 1.  

With its chemical contents (44.94 % cellulose, 22.92 % lignin), C content of 42.47% and low ash 

content (2.92%), tabah bamboo has great potential as a precursor in the production of high quality of 

activated carbon. Formation of micropores and macropores of activated carbon are strongly influenced 

by cellulose and lignin content of raw material [29]. The relatively high content of C has also high 

potency to yield activated carbon with high C content. 

 

 
                             (a)  

 
                        (b)                           (c) 

 

Figure 1. Characteristics of tabah bamboo, (a) Chemical composition (b) Proximate analysis (c) 

Ultimate analysis. 
 

3.2. Characteristics of activated carbons produced 
 

3.2.1. Proximate and ultimate analysis  

Proximate and ultimate analysis of char and activated carbons produced (FA1, FA1.5, and FA2) are 

respectively shown in tables 1 and 2. From Figure 1 (b) and table 1 can be observed that fix carbon of 

swat bamboo increases around 96 % from 3.22 % to 80.55 % and ash content also increase by 
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approximately 53.35 %. After activation, fix carbon content increases 2.26 % on average from fix 

carbon of char. The fixed carbon of activated carbons produced has fulfilled the fixed carbon minimal 

requirement of Indonesian National Standard for activated carbon (SNI 06-3730-1995). Based on SNI 

06-3730-1995, the content of fixed carbon is minimal of 65% and the maximal contents of ash, 

moisture and volatile is 10 %, 15 %, and 25% respectively. All of the activated carbons yielded 

qualified for this entire standard requirement. 

 
 

Table 1. Ultimate analysis of char and activated carbons produced 
 

Samples 
Proximate Analysis Contents (%) 

Moisture  Volatile  Ash  Fix Carbon  

Char 5.58 7.61 6.26 80.55 

FA1 3.56 8.00 5.91 82.52 

FA1.5 3.31 7.59 6.81 82.28 

FA2 3.58 7.48 6.50 82.44 

 

Table 2. Proximate analysis of char and activated carbons produced 
 

Samples 
Elemental Contents (%) 

C  H N 

Char 82.85 1.99 0.41 

FA1 84.08 1.46 0.70 

 AF1.5  84.16 1.30 0.57 

FA2  83.39 1.40 0.49 

 

 
 

Figure 2. The fixed carbon, carbon and ash contents of activated carbons produced 

 

Ultimate analysis (Table 2) shows that C content of activated carbons also increases compared to the C 

content of char. However, there is no trend can be observed associated relation between activation 

holding time and fix carbon and carbon contents of activated carbons yielded. The highest fix carbon 

is obtained when activation holding time is 1 hour (sample FA1), meanwhile, the highest C content is 

reached at activation holding time of 2 hours. From figure 2 can be seen that there is no significant 

difference in fix carbon and carbon contents of activated carbons under different activation soaking 

time (1, 1.5 and 2 hours).   
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3.2.2. Morphology microstructure 

SEM observations on the char and activated carbons result in the morphology microstructure as shown 

in Figure 3, 4, 5 and 6 for char, FA1, FA1.5, and FA2 respectively. Morphology microstructure of 

tabah bamboo, as shown in Figure 3, is smooth and no porosity can be observed. After activation, the 

morphology microstructure changed significantly, as shown in Figures 4, 5, and 6.  Porosities appear 

as a result of carbonization and activation. The porosities formed due to different activation soaking 

time are also difficult to be distinguished. These morphology microstructure images are qualitative 

data that is difficult to make a comparison accurately. Advanced study is needed in order to find out 

quantitative data such as pore diameter, pore volume and surface area of activated carbons. However, 

clearly can be said that in the activated carbons produced have formed porosities, the place where the 

adsorption process occurred. 

 

  
 

Figure 3. Morphology microstructure of tabah 

bamboo 

 

 

Figure 4. Morphology microstructure of FA1  

  
 

Figure 5. Morphology microstructure of 

FA1.5  

 

Figure 6. Morphology microstructure of FA2  

 

4. Conclusions 

Activated carbons produced have qualified to fulfill the Indonesian National Standard of activated 

carbons (SNI 06-3730-1995) such as the contents of ash, moisture, fix carbon, volatile and carbon. 

The effect of activation soaking time on the proximate and elemental components of activated carbon 

yielded is no obviously can be observed. Based on SEM observation, it clearly can be said that in the 

activated carbons yielded have formed of pores wherein these pores the adsorption process take place.  
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