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Abstract. Activated carbon was prepared from Terminalia catappa shells using microwave 

assisted KOH activation. The ratio of mass percentages of Terminalia catappa and KOH 

were 4:1, 4:2, and 4:3. Terminalia catappa based activated carbon was prepared by KOH 

activation at the room temperature for 24 hours and followed by microwave irradiation at 

the output power of 630 Watt for 20 minutes. The physical properties of activated carbon 

i.e. surface morphology, micro structure, and BET surface area were characterized by 

electron scanning microscope, X-ray diffraction and N2 adsorption-desorption isotherm at 

77K, respectively. The highest BET surface area was 312 m
2
/g with adsorption of activated 

carbon towards methylene blue by 84.4 mg/g. The BET surface area was directly correlated 

with the stack height (Lc) of the activated carbon. 
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1 Introduction 

The awareness towards environmental protection has drawn attention and focus since a few 

decades ago. The rapid movement of technology and waste producing industries are foreseen to 

threat the public health and environment in the absence of proper management. For this cause, 

the activated carbon have been proved to be the effective absorber to remove the organic and 

inorganic pollutants, either for those dissolved in the water or formed by the environmental gas. 

The activated carbon is known to contain fine pore structure, with micropores to macropores 

size, reaching 2585 m
2
/g in width for its internal surface area. It also show thermal stability and 

low reactivity towards acid / base [1]. With the quality of its pore structure, the activated carbon 

has been applied regularly in industrial field, especially in gas refinery technology [2], the 

removal of organic pollutants [3], food processing [4], chemical and pharmaceutical industries 

[5], waste management (coloring substances, metals, detergent, herbicides, pesticides and 
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policyclic aromatic hydrocarbon [6] and [7], smell and taste [8], and supercapacitor electrode 

[9] and [10]. 

However, the activated carbon on the market usually costs relatively high due to the 

unrenewable resources and the expensive raw materials it uses, such as coal [11]. The activated 

carbon composed by biomass makes a suitable absorbent material because of its economic price, 

the large amount of availability, and its renewable nature. Some types of biomass being 

examined as the basic materials of activated carbon include Albizia lebbeck [12], cotton stems 

[13], tobacco stems [14], pineapple skin [3] and the fiber of palm bunches [9] and [10]. It takes 

generally two steps to produce activated carbon, firstly by carbonization (heating on 500 - 

800°C overflowed by N2) and secondly by carbon activation. Carbon activation is divided into 

two, which are the chemical activation (heating on 600 – 800°C overflowed by N2) and physical 

/ thermal (heating on 800 – 1000°C overflowed by CO2 or vapor) [9] and [15]. However the 

process above requires long duration, high amount of energy and gas, which leads to high 

expenses. 

In this study, the carbon activation from Terminalia catappa shells uses the chemical activation 

assisted by microwave heating. The use of microwave heating will show some unique 

superiorities, i.e the high energy efficiency, high heating speed, the outward volumetric heating, 

the diverse heating [16] and the relatively short time for the heating process [12]. This will 

cause the decrease in energy consumption and hence, the costs. On the other hand, the gas 

consumption in the activated carbon production can be reduced. This chemical activation 

inducted from microwave heating can be used as one way to solve the problems in producing 

activated carbon. 

2 Materials and Methods 

The biomass material as activated carbon was the Terminalia catappa shells, grew in the area 

around Universitas Riau. The pre-carbonization of Terminalia catappa shells was done using an 

oven, processed at the temperature of 200°C for 3 hours. The pre-carbonized shells were 

mashed and sifted to particles of 149 µm in size. 

The chemical activation of the pre-carbonized Terminalia catappa shells was conducted in 24 

hours on room temperature. The comparison of KOH on the pre-carbonized Terminalia catappa 

shells were: 4:1, 4:2 and 4:3 each in 150ml distilled water. 

The microwave irradiation towards sample was done on 630 Watt for 20 minutes using the 

Sharp R728(S)-IN microwave oven. The activated carbon was repeatedly cleaned to pH~7 and 

dried at the temperature of 100°C for 24 hours. The characterization towards sample involved 

the micro structure, using X-Ray Diffraction, surface morphology and X-Ray dispersive energy, 
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Figure 1. X-Ray Difraction Pattern 

while surface area was using N2 adsorption-desorption isotherm at the temperature of 77K and 

the absorption test towards methylene blue. 

3 Result and Discussion 

The pattern of X-ray diffraction is shown on Figure 1. This pattern indicates the typical 

activated carbon from biomass, which consists of two peaks: peak (002) on 2θ ~ 22° point and 

peak (100) on 2θ ~ 42° point. The microstructure of activated carbon which consists of distance 

between planes (d002 and d100) was calculated by the Bragg’s equation nλ = 2d sinθ while 

microcrystalline dimension (stack height Lc and stack width La) was calculated using the 

Scherrer equation       
   

          
 where K is the shape factor matching with 0.89 for Lc and 

1.84 for La and β is the width of the peak on half maximum [17]. Distance between planes and 

microcrystalline dimension are indicated in table 1. 

The mass comparison between pre-carbonized activated carbon and KOH did not inflict any 

significant impacts towards the distance between planes, both for distance between planes d002 

and d100, as seen in table 1. This indicates that KOH did not affect the distance between planes 

dhkl. This result was also correlated to the result from Farma et al [18], but with lower value of 

d002.  The chemical activation assisted by microwave irradiation was mainly about creating 

pores, expanding the pores and activating carbon. This was indicated by stack height Lc. 

According to Lee and Pyun [19] and Boyea et al. [20], the higher the value of Lc, the wider of 

surface can be formed.
 

 

 

 

 

 

 

 

 

The comparison of the activated micro carbon is indicated in Figure 2. The picture of micro was 

obtained from the electron scanning microscope with 1000x enlargement. The micro picture (c) 

is seen to be more porous than micro (a) and (b) which is caused by KOH activity. 
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Figure 3 shows N2 isotherm absorption at the temperature of 77K for sample KA41 and KA43. 

The two adsorption-desorption isotherms showed similarly type I pattern according to IUPAC 

standard [21]. Type I indicates that the pores formed in activated carbon were mainly 

micropores, which was seen by the increase of adsorption volume on relative pressure 0 – 0.1 

also small part of mesopores seen from the stable adsorption-desorption volume on relative 

pressure 0.1 – 0.9. When pressure was higher than 0.9, the volume would drastically increase, 

indicating the occurrence of adsorption-desorption on macropores. The micropores and 

mesopores formed in activated carbon were highly dependent on the comparison between 

carbon and KOH, where higher KOH on chemical activation will transform micropores to 

mesopores. Micropores and mesopores hold important roles in activated carbon, both as 

absorber and electrode because they perform different orders on the transfer rate and double-

layer formation on the surface of activated carbon. 

Table 1. Distance between planes and the microcrystalline dimension of activated carbon  

Sample 
Distance between planes (nm) 

Microcrystalline Dimension 

(nm) 

d002 d100 Lc La 

KA41 0.4064 0.2151 3.0273 1.2347 

KA42 0.3999 0.2197 3.6639 1.2349 

KA43 0.4002 0.2196 3.7836 1.1964 
 

   

Figure 2. The picture of activated micro carbon (a) KA41, (b). KA42 and (c) KA43 

The width of surface was determined by data analysis of N2 adsorption-desorption isotherm at at 

the temperature of 77K by using BET equality. The quantitative analysis on isotherm data 

showed that the width and the approximate pores diametre on BET surface were reaching 289 

m
2
/g and 3.0379 nm, and 312 m

2
/g and 3.0392 nm each for sample KA41 dan KA43.  

The quality of activated carbon as an absorber was determined by the absorption of activated 

carbon towards methylene blue. The absorption rate for sample KA41, KA42 and KA43 can be 

seen in Figure 4. The highest absorption rate towards methylene blue is seen in sample KA43 

with 84.383 mg/g. This absorption rate was correlated to the study of BET surface area and 

stack height Lc. All samples of activated carbon met the standards of Indonesia’s Industial 

Standard Classification / Standar Industri Indonesia (SII) No. 0258-59 because the absorption 

rate towards methylene blue was higher than 60 mg/g. 

(a) (b) (c) 
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Figure 4. The absorption rate of activated carbon towards methylene blue 

 

Figure 3. N2 adsorption-desorption isotherm at 77K for sample KA41 and KA43 

 

 

 

 

 

 

 

 

 

 

4 Conclusion 

The Terminalia catappa shell based activated carbon was produced by microwave asissted 

KOH activation. The activated carbon obtained by the comparison of pre-carbonized Terminalia 

catappa shells and KOH 4:3 (KA43) are the best activated carbon. This result was supported by 

stack height Lc  and BET surface area. The absorption rate of activated carbon towards 

methylene blue for all samples passed the minimum standard of Indonesia’s Industial Standard 

Classification / Standard Industri Indonesia. Sample KA43 was supported by stack height Lc, 

BET surface area and absorption rate towards methylene blue by 3.7836 nm, 312 m
2
/g and 

84.383 mg/g, respectively. 
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