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Abstract- The proposes of this research were to investigate effects of carbonization temperature on properties of  activated 
carbon prepared from cassava rhizome left from starch industry by chemical activation using sodium chloride (NaCl).In this 
research, carbonization temperature as 300, 400, 500, and 600°Ceffected to methylene blue adsorption, percentage yield, 
percentage moisture, and iodine number of activated carbon were studied. The results shown the proper temperature for 
carbonization temperature activated was 400 °Cthat provided methylene blue adsorption of 95.32%, percentage yield of 
73.65, percentage moisture of 6.71, and iodine number of 1,427.73 mg/g. Physical characteristics from SEM was found that 
activate carbon with NaClperformed higher porositymore than non-activated carbon. 
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I. INTRODUCTION 
 
Cassava plays a major role as food security crop 
especially in tropical environment. Production of 
cassava is growth to accelerate over current decade 
around the globe [1]. In Thailand, cassava is the most 
important crop cultivated with a total area of 
approximately 1,436,138.40 ha or 8,975,865 Rai and 
production of around 30,022,052 ton/year 
[2].Traditional harvesting of cassava from field and 
cassava starch industriesproduce a large amount of 
residual such as peel [3], stalk [4], and rhizome [5]. 
In this work, cassava rhizome, which left from the 
field and starch processing industries,was used to 
prepare activated carbon. Activated carbonused as 
adsorbent in several industries as food processing, 
chemical, pharmaceutical, petroleum, automobile, 
mining, and nuclear due to adsorptive properties from 
their porosity structure [6].  
 
Preparation process of activated carbon are chemical 
activation and physical activation. Chemical 
activation is a single process prepared of activated 
carbon performed by chemical agent.Physical 
activation is a two-step process preparation of 
activated carbon involved carbonization of materials 
by activation of resulting char in presence of 
activated agents in the presence of suitable oxidizing 
gasses such as CO2 or steam [7]. Chemical activation 
can improve the pore structure in carbon by chemical 
process, therefor, usually take a place of lower 
activation energy and gain more carbon yield than 
physical activation [8]. 
In this research, cassava rhizome from starch 
industries around northeast regionof Thailand was 
collected and used to be activated carbon material. 
Chemical activation using sodium chloride 
(NaCl)that availability in local area and be simple to 
disposal wasused to be chemical agent for activation 
process. 

II. MATERIAL AND METHOD 
 
Materials:Cassava rhizomeobtained from starch 
industries from Kalasin province that located in 
northeast region of Thailand used to be activated 
carbon material.  
 

 
Figure 1:  Cassava Rhizomefrom Starch Industries 

 
Carbonization process:Cassava rhizomes collected 
from starch process were washed and reduced size as 
1-2 cmby cassava rhizome chopper machine for 
carbonization process then oven-dried for 3 h at 
110°C to reduce moisture content.Carbonization 
temperatureof dried cassava rhizome chips for 1 h 
wasset at 300, 400, 500, 600°C with temperature 
increasing rate of 10°C/min. Finally, the materials 
were ground and passing an 80 mesh sievedand store 
in plastic container before activation process. 
 
Activation process:Chemical activation was 
performed by NaCl as chemical agent. Carbon 
obtained from carbonization process were soaked in 
20% NaCl solution for 12 h then filtering and dried in 
hot oven air at 110°C for 3 h. Activation temperature 
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used in this research was 400°C and burned for 1 h. 
Activated carbon was cooled to room temperature 
then washed with distilled water and oven-dried at 
110°C for 3 h.   
Activated carbon properties: In this research, 
activated temperature of 300, 400, 500, and 
600°Cthat effected to activated carbon as methylene 
blue adsorption, percentage yield, percentage 
moisture, and iodine numberwere investigated.Dye 
selected to test adsorption capacityof activated carbon 
was methylene blue (C16H18N3SCl·3H2O)at λ max of 
664 nm that normally used in textile dyeing process 
in Thailand.Methylene blue adsorption was 
determined according to standard method (JIS K 
1470-1991)measured by an UV /Vis 
spectrophotometer (Perkin Elmer/Lambda 12), and 
carried out by batch experiments.Iodine number that 
showed the concentration of iodine adsorbed by 
activated carbon was calculated as amount of iodine 
adsorbed in milligrams.  Percentage yield, percentage 
moisture and iodine number were determined 
according to ASTM D4607-94 standard method. 
Scanning electron microscope (SEM) has been used 
to study the pore structure of activated carbon. 
 
III. RESULTS AND DISCUSSION 
 
Effects of carbonizationtemperature to properties of 
activated carbon prepared from cassava rhizome that 
disposal from starch industry reveled as followed: 
 
Methylene Blue Adsorption:From Table 1, it was 
found that activated carbon prepared 
fromcarbonization temperature at 400°C gave better 
percentage of methylene blue adsorption of 95.32%. 
 

 
Table 1: Methylene Blue Adsorption 

 
Percentage yield: Percentage yield of activated 
carbon performed by various carbonization 
temperature expressed in Table 2. It was presented 
that cassava rhizome burned at 300°C gave highest 
percentage of yield of78.72% and reduced when the 
carbonization temperature was increased.  
 

 
Table 2: Percentage Yield 

 
Percentage moisture: Difference between the initial 
and final mass of the carbon in percentage represents 

the water content in activated carbon prepared from 
carbonization process. Percentage moisture showed in 
Table 3. Carbonization temperature at 400°C 
obtained lowest moisture content of activated carbon 
of 6.71% that conformed tomethylene blue adsorption 
property. 
 

 
Table 3: Percentage Moisture 

 
Iodine number:The concentration of iodine adsorbed 
by activated carbon performed by cassava rhizome 
was calculated in mg/g. It was found that iodine 
number gave fromcarbonization temperature at 400°C 
achieved better iodine number of 1,427.43 mg/g. 
However, it was almost equal to iodine number at 
carbonization at 500°C. 
 

 
Table 4: Iodine Number 

 
Scanning electron microscope (SEM):Study of 
porosityof the prepared activated carbon was studied 
using SEM.Image from SEM of carbon structure 
obtained from carbonization process show in Figure 
3. SEM image of the activated carbon structure 
shown in Figure 4. It was clearly revealed 
thatporosities and cavities partially developed in its 
surface. During carbonization process, pores are 
developed in the carbon and promote the diffusion of 
NaCl molecules into these pores and thereby increase 
the NaCl-carbon reactions which create more pores in 
the activated carbon.However, the pores expressed by 
SEM images are not-uniform. 
 

 
Figure 3:  SEM Image of Carbon from Carbonization 
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Figure 4:  SEM Image of Activated Carbon 

 
CONCLUSION 
 
Effects of carbonization temperature (300, 400, 500, 
and 600°C) to methylene blue adsorption, percentage 
yield, percentage moisture, and iodine number of 
activated carbon were investigated.The parameters as 
methylene blue adsorption, iodine number, and 
percentage moisture shown thatactivated carbon 
performed by carbonization temperature at 400°C 
obtained better characteristics.   Moreover, carbon 
product burned at 300°C gave finest percentage of 
yield. From SEM images, NaCl developed not-
uniform pores in activated carbon structure. The 
experiments shown that the activated carbon prepared 
by using cassava rhizome obtained from waste 

disposal tends to be potential product for the removal 
of dyesfrom dyeing process of textile industry. 
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