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ABSTRACT 

Eucalyptus pellita bark is a waste from the pulp industry that can be used as a raw material in activated carbon 

manufacturing because it contains high enough cellulose, hemicellulose, and lignin. This study aims to determine the 

effect of various carbonization temperatures and KOH activator concentrations on Fe absorption in water. Making 

activated carbon procedure consisted of dehydration, carbonization, and activation. Furthermore, the analysis of 

activated carbon characteristics was based on Fe absorption. The variations of this study consisted of carbonization 

temperature, 250ºC, 300ºC, and 400ºC, and variations of KOH activator concentrations, 0.2 N, 0.7 N, and 1.2 N. The 

best-Eucalyptus pellita bark activated carbon obtained for carbonization temperature at 350ºC and an activator 

concentration at 1.2 N with the value of Fe2+ absorption was 95.343%. 
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1. INTRODUCTION 

Like other chemical elements, heavy metal elements 

are also needed by living organisms in various 

metabolic processes for the growth and development of 

body cells. For example, iron (Fe) is needed for the 

manufacture of hemoglobin. But heavy metal elements 

in excessive amounts will be toxic [1]. Toxicity of 

heavy metals depends on the type, concentration, 

synergistic-antagonist effect and physic-chemical form. 

The greater the heavy metal content, the greater the 

toxicity [2]. 

The presence of dissolved iron in water causes the 

water to become red, yellowish, smells fishy and forms 

an oil layer [3]. Drinking water with high iron content 

can cause nausea when consumed and is very dangerous 

for health, so it is necessary to reduce iron levels in the 

water. One method that can be used to reduce the iron 

content in water is the adsorption method. The process 

of mass transfer on the surface of the pores on the 

adsorbent granules is known as adsorption. Liquid-solid 

and gas-solid are the boundary between two phases that 

mass transfer occurs [4]. A solid material with a very 

large internal surface area is called an adsorbent. This 

large surface is formed due to the many fine pores in the 

solid [4]. One of the adsorbents known to many people 

is activated carbon. 

Activated carbon is very good at absorbing harmful 

substances in water. In Indonesia, the need for activated 

carbon in the industrial sector is still relatively high due 

to being widely used in the industrial sector [5]. 

Activated carbon is charcoal with a microcrystalline or 

amorphous structure that mostly consists of free carbon, 

and has an internal surface, with a surface area ranging 

in 300-2000 m2/gr [6]. Activated carbon can be used in 

filters, which absorb odors, reduce water color intensity, 

absorb odors, and absorb metals [7]. Activated carbon is 

usually produced from natural materials containing 

lignocellulose, namely cellulose, lignin, and 

hemicellulose. [8]. Judging from the abundant natural 

resources in Indonesia, it is very possible that the need 

for activated carbon can be met from domestic 

production [9]. One of the natural ingredients is 

eucalyptus pellita bark waste produced by the pulp and 

paper industry. 
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The methods used in this research have followed 

some steps, namely bark dehydration, carbonization, 

and chemical activation. The dehydration process occurs 

using an oven at 100ºC for heating until obtaining a 

constant weight. Dehydration aims to acquire dry and 

pure material and facilitate the carbonization process. 

The process of carbonization or composing was carried 

out by heating the raw materials using a furnace. 

Carbonation (combustion) is an incomplete pyrolysis 

(burning) process with limited air from carbon-

containing materials. In this process the formation of the 

pore structure began. This process aimed to produce 

granules that have absorbancy and a neat structure. In 

the carbonation process there was shrinkage of the 

sample. It was because the heating given during the 

carbonation process removed the particles contained in 

the sample so that only palm frond charcoals remain 

[10]. The activation process is a process that breaks 

hydrocarbon bonds or oxidizes surface molecules so that 

the charcoal changes properties, both chemical and 

physical, that is a treatment of charcoal that aims to 

enlarge the pores, the surface area increases and affects 

the adsorption power [11]. 

In this study, carbonization was carried out at 

various temperatures of 3000 C, 3500 C and 4000 C. The 

solid material left after carbonization was carbon in the 

form of charcoal with narrow pores. Furthermore, the 

carbon was activated chemically by using various 

activators of KOH 0.2 N, 0.7 N and 1.2 N. KOH is a 

good activator to expand the surface of the adsorbent. 

So it increases the absorption of harmful substances. 

This study aimed to analyze the effect of carbonization 

temperature and KOH activator concentration on the 

absorption of iron metal in water. 

2. RESEARCH METHOD 

This research method is divided into three parts, 

namely materials and tools, research procedures, and 

Fe2+ absorption analysis. 

2.1. Materials and Instruments 

The material used in this study was Eucalyptus 

pellita bark waste obtained from PT. Tanjungenim 

Lestari Pulp and Paper in Empat Petulai Dangku 

District, Muara Enim Regency. Other materials used 

include Aquades, KOH 0.2 N , 0.7 N and 1.2 N, HCl 0.1 

M. Other materials and instruments used including 

analytical balance, 70 mesh sieve, filter paper, oven, 

furnace, desiccator, Porcelain cup, Crucible cup, Stirrer, 

250 ml and 500 ml beakers, Volumetric flask, 

Measuring cup, Spatula , and Watch glass 

2.2. Research procedure 

2.2.1 Activated Carbon Production 

1. Samples were dried using an oven at a temperature 

of 1100 C. 

2. Raw materials were carbonized for 30 minutes using 

a furnace (there were variations in carbonization 

temperature, namely 3000 C, 3500 C and 4000 C. 

3. The raw materials were grinded using a grinder and 

sieved with a 70 mesh sieve shaker. 

4. 20 grams of raw materials were mixed into 100 ml 

of activator solution (there were variations in the 

type of activator, namely KOH 0.2 N, 0.7 N and 1.2 

N. This activation process was carried out for 24 

hours. 

5. Activated carbon was washed with distilled water 

and filtered to obtain a pH of 7. 

6. Activated carbon which had been neutral then dried 

for 1 hour using an oven at a temperature of 110oC. 

2.2.2 The Analysis of Fe2+ Absorption Testing 

by Eucalyptus Pellita Bark Activated 

Carbon 

1 gram of activated carbon was weighed and mixed 

with 100 ml of 20 ppm Fe solution. The sample was 

then stirred for 60 minutes using a stirrer. The mixture 

was then filtered using filter paper to take the filtrate. 

The filtrate was then tested for iron content using 

Atomic Absorption Spectrophotometer (AAS), namely 

the SNI method 06-6989.4-2004 [12] in the Laboratory 

of Analytical Chemistry Instruments. The concentration 

of Fe metal that was absorbed by activated carbon that 

calculated by the equation: 

Absorbed Fe Metal Level = 
𝐶1−𝐶2

𝐶1
x 100%                   (1) 

Annotation: 

C1  =  Initial concentration of solution (ppm) 

C2  = Solution concentration after contact with activated 

carbon (ppm) 

3. RESULTS AND DISCUSSION 

Determination of the absorption of iron aims to 

determine the performance of activated carbon against 

harmful metals such as iron. The method used was the 

light of atom absorption. Depending on the nature of the 

elements, the atoms absorb the light at specific 

wavelengths. To determine the sample density (ppm) 
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compared to the peak height of the sample and the 

standard. 

3.1 The Effect of KOH Activator 

Concentration and Carbonization Temperature 

on the Absorption of Iron (Fe) in Water 

The effect of KOH activator concentration and 

carbonization temperature on iron absorption can be 

seen in Figures 1 and  2 as follows. 

 
Figure 1 The Effect of KOH Activator Concentration 

and Carbonization Temperature on the Decrease of Fe 

Concentration in Water 

 
Figure2 The Effect of KOH Activator Concentration 

and Carbonization Temperature on Absorption of Fe 

Content. 

Based on the absorption data, carbonization 

temperature at 350ºC and the highest KOH activator 

concentration at 1.2N was the optimum condition to 

absorb Fe by activated carbon with 95.34%. It is in line 

with research conducted by [13] which states that the 

greater the concentration of KOH, the greater the 

degradation of the material occurs so that the yield value 

will decrease. 

However, the difference in the absorption of Fe, both 

variations in carbonization temperature and activator 

concentration, was not very significant. All samples had 

good absorption, which was greater than 90%. The 

contact time of each sample for 2 hours and stirring at 

100 rpm for 1 hour was very influential to produce good 

adsorbent absorption. 

From the results of the study, the concentration of Fe 

metal decreased along with the increase in the 

concentration of KOH activator. It was because the 

concentration of the activator was one of the factors that 

affected the absorption by the adsorbent. The higher of 

activator concentration, the activated carbon pores are 

open larger and affected to increase the activated carbon 

absorption capacity and increase the activated carbon 

surface area. The existence of KOH as an activating 

agent kept the sample from burning by reacting with the 

mineral content in the raw material so that no ash was 

formed and caused a grayish color [14]. 

The activation process was also resulting in the loss 

of carbon because it formed carbon dioxide gas. The 

chemical reactions occurred in the manufacture of 

activated carbon with KOH activator following 

equations 2), 3), and 4): 

 

C + 6 KOH ↔ 2 H2O + 4 K + CO2                              (2)  

C + 6 KOH ↔ 2 K + 2 K2CO3 + 3H2               (3)  

2 CO2 + 4 KOH ↔ 2 H2O + 2 K2CO3               (4) 

 

The above reaction also released water because 

KOH is a dehydrating agent. In this activation process 

the carbon reacted with KOH so that the carbon was 

eroded (forming carbon dioxide) resulting in the 

formation of pores. The formation of these pores 

enlarged the activated carbon surface area obtained and 

the adsorption efficiency also increased [13]. 

The temperature effect in the activated carbon 

absorption is closely related to the formation of carbon 

pores [15]. When the carbonization is in process, CO2 

gas is released and forms a certain size of pores that 

become an absorption surface area unit, where the larger 

absorption surface area affected the higher activated 

carbon absorption as a result. 

In the carbonization process, the adsorption was still 

relatively low, but the surface area was exposed but. It 

is caused by tar residue that covers the pores. Tar will 

dissolve when soaked in chemical activation [16]. [17] 

Stating that in the activation process, chemical solution 

mixed with a chemical solution and oxidation will occur 

and it damages the interior of the carbon, as a result, the 

number of pores becomes larger. The activation process 

also results in the loss of carbon because it forms carbon 

dioxide gas 

From the research conducted, the best activated 

carbon was found at the carbonization temperature of 

3500 C and the activation concentration of 1.2 N with 

the absorption of Fe, which is 95.343%. 

1.115
1.109

0.986

0.948 0.937 0.929

1.053

1.008

0.941

0.85

0.9

0.95

1

1.05

1.1

1.15

0,2 N 0,7 N 1,2 N

F
e 

co
n

ce
n

tr
as

io
n

 i
n

 w
at

er
 

(p
p

m
)

KOH (N)

300 C

350 C

400 C

94.411
94.441

95.058

95.248
95.303 95.343

94.722

94.947

95.283

94.0

94.2

94.4

94.6

94.8

95.0

95.2

95.4

95.6

0,2 N 0,7 N 1,2 N

F
e 

A
b

so
rb

ed
(%

)

KOH (N)

300C

350C

400C

Atlantis Highlights in Engineering, volume 9

241



  

 

4. CONCLUSION 

Based on the results of the research conducted, it can 

be concluded that this study obtained activated carbon 

from Eucalyptus pellita bark regarding Indonesian 

National standards. The higher the carbonization 

temperature, the larger the activated carbon pores 

surface, and high temperatures caused the carbon to 

become brittle. So it needs a suitable temperature for the 

activated carbon from Eucalyptus pellita bark 

manufacturing, which was 350ºC. The higher of the 

KOH activator concentration affected to the better 

quality of the activated carbon. The optimum 

concentration of the activator was 1.2 N, for the 

absorbed Fe content was 95.355%. 
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