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ABSTRACT

	 In this research, it has been performed carbon activation of oil palm shells (CAC) prepared by 
chemical treatment as adsorbents of phenol and methylene blue (MB) in solution either in the form 
of single or in pair solution. The activation of carbon from the oil palm shells was done physically at 
a temperature of 700°C for 1 h continued with chemical activation using 10% H3PO4 for 24 hours. 
Identification of functional groups on the carbon from oil palm shell before and after chemically 
activated was performed using infrared spectrophotometer (IR) and analysis of its surface morphology 
was carried out using scanning electron microscope (SEM). The phenol and MB adsorption process 
was performed in single and binary systems using the batch method. The adsorption of phenol on 
CAC is optimum at pH 8 while MB at pH 11 with optimum contact time of 90 min. for phenol and 
120 min. for MB respectively.  The phenol and MB adsorption data on the CAC in the single system 
follow the pseudo-second-order kinetics model with the adsorption rate constant of 0.399 and  
0.769 g mmol-1 min-1 respectively.  The adsorption isotherms of phenol and MB in CAC tend to 
follow Freundlich adsorption isotherm pattern with the adsorption intensity factor (n) for phenol, MB,  
phenol/MB, and MB/phenol: 1.739, 1.341, 1.334, and 1.293 respectively.  The adsorbent of CAC is 
effective to remove phenol and MB in solution, either in single or paired condition.
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INTRODUCTION

	 The industrial development and the use 
of synthetic inorganic and organic compounds 
for various purposes have a negative impact 

that is contamination of surface water resources 
and ground water resources1. Organic pollutants 
that are biodegradable and non-biodegradable 
compounds have toxic properties. Pollutants of 
organic compounds from industrial waste are often 
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encountered such as phenol (C6H5OH) compounds 
and dyes as MB (methylene blue/C16H18ClN3S)2,3. 
Separation of hazardous wastes derived from 
organic compounds is a common problem that 
is often faced currently. Several conventional 
methods have been done to overcome the problem 
of dye waste, such as oxidation4, coagulation and 
floculation5, adsorption6,7, and ion exchange8. 
Among these methods, adsorption is one effective 
technique for separating organic compounds from 
waste.  The adsorption method has advantages of 
other methods because the process is simpler, the 
cost is relatively cheap, environmentally friendly, and 
the absence of side effects of toxic substances 9-11.  
The adsorption process is one of the waste treatment 
techniques that is expected to be used to decrease 
the concentration of excessive organic compounds. 
One of the most frequently used adsorbents in the 
adsorption process is activated carbon. The activated 
carbon is selected because it has a large surface, 
large adsorption capability, easy to apply, and the 
cost is relatively cheap12,13. The use of the activated 
carbon as adsorbent is done by considering the 
policy of applying zero waste concept that is utilizing 
industrial agro waste to reduce other industrial 
waste such as toxic chemicals14-16. One source of 
agro-industrial waste that can be processed into 
the activated carbon is waste from oil palm shells.  
The palm oil shell is a material that can be raised 
its value added, that is made with carbon.  However, 
along with the increasing amount and type of waste 
contained in the environment, it is also necessary to 
increase the quality of the activated carbon so that 
it has a more specific character to be more effective 
as an adsorbent.

	 The activation process is an important 
factor that contributes to the production of activated 
carbon. The activation process is a treatment of 
carbon which aims to enlarge the surface pores 
by breaking the hydrocarbon bonds or oxidizing 
the surface molecules. So the carbon changes in 
properties, both physics and chemistry, with a large 
surface area and affect the ability of adsorption17.  
One of the ways to activate carbon is chemical 
activation. The chemical activation is a carbon 
activation by using chemicals as an activating agent 
such as ZnCl2, NaOH, and H3PO4 which aim to open 
a carbon surface covered by a tar deposit to create 
an expansion of the pores18-21.

In this research, it has been done the utilization of oil 
palm shells which is one of the agro-industry waste 
as the basic material of carbon.  The activation was 
carried out chemically and the activated carbon 
obtained was used as a phenol and MB adsorbent 
in solution both in the single and paired solution 
form. The study of adsorption in the form of a paired 
solution between phenol and MB solution was 
carried out by considering that liquid industrial waste 
often contains chemicals that are multi-component 
mixtures.

MATERIAL AND METHDODS

Material and equipment 
	 The materials used in this research are 
carbon from palm shell waste, phenol, methylene 
blue (MB), H3PO4, distilled water, HCl-KCl buffer, 
citrate buffer, phosphate buffer, and universal 
buffer.

	 Ident i f icat ion of funct ional groups 
was performed using IR spectrophotometer  
(IR Prestige-21 Shimadzu) and investigation of 
surface morphology was carried out with SEM 
(Zeiss MA10). Concentration of phenol and MB 
were analyzed by using Agilent Cary 100 UV-Vis 
spectrophotometer.

Preparation of chemical activated carbon (CAC)
	 Carbon from oil palm shells derived 
from industrial waste of crude palm oil (CPO) 
was activated by physical-chemical way through  
the burning process of oil palm shell in furnace at  
700°C for 1 hour.  Then it was continued by immersing 
45 g of activated carbon of physics activation result 
into 70 mL of 10% H3PO4 solution for 24 h followed by 
filtering and washing with distilled water up to neutral 
pH.  Drying was done in an oven at 100°C for 1 hour 
and the cooling was carried out in the desiccator 
to room temperature. Activated carbon is crushed 
to a size of 100 mesh. Carbon from coconut shell 
before and after chemical activation process was 
analyzed by IR spectrophotometer (IR Prestige-21 
Shimadzu) for functional group identification and SEM  

(Zeiss MA10) for surface morphology analysis.  

Batch adsorption experiments
	 The adsorption process was carried out to 
determine the effect of pH interaction, effect of time, 
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and adsorption isotherm. The effect of adsorption pH 
was studied by interacting 50 mg of active carbon in 
a series of test tubes and added with 100 mg L-1 of 
each phenol and MB solution at pH 2-12. The effect 
of contact time was carried out by reacting 50 mg 
of adsorbent in a series of test tubes and added 
with 100 mg L-1 of each phenol and MB solution  
at optimum pH with interaction time varies from 
0 - 120 minutes.

	 Phenol and MB adsorption isotherms were 
studied by interacting 50 mg of adsorbent into a 
series of reaction tubes, then added with each phenol 
and MB solution with concentrations varying from  
0 to 250 mg L-1.  The adsorption was carried out in 
a batch system using magnetic stirrer at optimum of 
pH and time with temperature 27oC, then the solution 
was centrifuged, the filtrate was taken for analysis 
of the remaining phenol concentration in solution 
with Agilent Cary 100 UV-Vis spectrophotometer 
at wavelength of 270 nm and for MB at wavelength 
of 664 nm. 

	 Percentages of phenol and MB adsorbed 
per unit of adsorbent mass were calculated using 
Eq. 1 as follows:
   

	 (1)

	 Where Co and Ce (mg L-1) are the 
concentrations of adsorbate before and after the 

adsorption process.

RESULTS AND DISCUSSION

Synthesis and Characterization
	 The identification of functional groups 
on carbon from oil palm shells before and after 
chemically activated was interpreted using an IR 
spectrophotometer. Fig. 1 shows the two carbon 
materials having relatively similar absorption bands  
in the wavelength region 3397.93 (Fig.1a) and 
3405.42 cm-1 (Fig.1b) derived from the hydroxyl group 
(O-H)2.  Then there was a shift in absorbing bands at 
the wave number 1633.33 (Fig.1a) to 1624.33 cm-1 

on CAC (Fig.1b) derived from the bending vibration 
of the alkene (C = C) of the aromatic ring21,22.  The 
absorption band shift also occurs at wave numbers 
1104.21 (Fig.1a) and 1079.22 cm-1 (Fig.1b) from 
stretch vibration of the C-O-C in the aromatic ring23.  
In addition, the absence of absorbing bands in the 
wavelength region of 1383.28 cm-1 in CAC is due to 
the reduced C-H group caused by the carbonization 
process, the activation with high temperature, and 
the addition of H3PO4

22.

Fig. 1.  Carbon of oil palm shell before (a) and after chemically activated 

	 The CAC surface morphology was 
analyzed with SEM and compared with the 
chemically unactivated carbon (Fig. 2).  In Fig. 2 
it can be observed that the CAC has more pore 

amount compared to the unactivated carbon. The 
carbon obtained is amorphous after it is chemically 
activated with H3PO4 and produces more pores with 
a larger carbon surface area of CAC.
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Fig. 2.  SEM images of Carbon of oil palm shell before (a) and after (b) chemically activated 

Influence of pH
	 The effect of the pH of the solution is one 
of the important factors contributing to the amount 
of phenol and MB adsorbed on the CAC adsorbent.  
The effect of pH on the percentage of phenol and 
MB adsorbed on CAC was studied in the pH range 
of 2-14 (Figure 3).

	 In Fig. 3 it can be observed that the phenol 
adsorption on CAC is optimum at pH 8 while on MB 
is at pH 11. At low pH, most of the phenol and MB 
are in a protonated state and the CAC surface tends 
to be partially positive charge24. This fact results in 
the occurrence of electrostatic repulsion so that 
the adsorption is weak. An increase in pH value 

causes an increase in the amount of phenol and MB 
adsorbed. An increase in pH of up to 8 causes the 
form of a phenol molecule into an anion phenolate 
thus causing an increase in phenol adsorption by 
the CAC which is still a positive partially charged.  
Then at a higher pH increase (pH > 8), there is 
a contribution of excessive OH- free ions which 
compete with the phenolic anion to interact with the 
surface of the activated carbon causing a decrease in 
phenol adsorption25. Further on the MB, the increase 
in pH of the solution to 11 increases the amount of 
MB adsorbed, since in this condition the adsorbent 
surface has been negatively charged causing the 
electrostatic interaction between the organic cationic 
MB and the adsorbent CAC26.

Fig. 3. Effect of pH on the adsorption of phenol and MB on the CAC

Influence of contact time
	 The adsorption of phenol and MB on 
the CAC was studied at the contact time range of  
0-120 min. In Fig. 4, it can be observed that the 
amount of phenol and MB adsorbed by CAC showed 

an increase in adsorption at a fairly rapid time from 
the first 15 min. until it reached an optimum time of 
90 min. for phenol and 120 min. for MB. A relatively 
short contact time can cause the adsorption process 
to be not optimal, this is because the adsorption rate 
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is determined by the diffusion rate of the adsorbate 
species on the adsorbent solid.  The longer the 
adsorption contact time then the collision frequency 

between the adsorbate and absorbent particles is 
greater27 so that it can cause the larger amount of 
phenol and MB adsorbed on the CAC.

Fig. 4. Effect of contact time on phenol and MB adsorption by CA

	 Data on Fig. 4 were analyzed using the 
pseudo first order (Eq. 2) and pseudo- second-order 
kinetics models (Eq.3)28.

	 (2)                                  

            						    

	 (3)                                                                                     

	 Where qt and qe (mmol g-1) are phenol or 
MB adsorbed at time t, k1  and  k2 are respectively a 
reaction rate constant of the pseudo-first-order and 
second-order at equilibrium.  From the data analysis 
using the two kinetic models shows that the phenol 
and MB kinetic adsorption models in CAC tend to 
follow the pseudo- second-order kinetics model with 
R2 values of 0.998 and 0.965, respectively (Table 1).

Table 1: Pseudo-first-order and pseudo-second-order rate constant for the 
adsorption of phenol and MB on CAC at temperature 27oC

Adsorbate	 qe Exp	            Pseudo-first-order	               Pseudo-second-order
	 (mmol g-1)	 k1 (min-1)	 R2	 k2 (g mmol-1 min-1)  	 R2

Phenol	 0.342	 0.044	 0.510	 0.399	 0.998
MB	 0.105	 0.086	 0.728	 0.769	 0.965

Influence of initial concentration
	 The effect of initial concentration of phenol 
and MB interacted with CAC adsorbent in either 
single or paired solutions form is shown in Fig. 5.  
From Fig. 5 it can be observed that in general the 
amount of phenol adsorbed is greater than that of 
MB in a single solution or in a paired solution with 
MB.  An increase in the initial concentration of phenol 
and MB solution increased the amount of adsorbed 
adsorbate on CAC.

	 To investigate the relationship between 

the initial concentration of the solution with the 
amount of phenol and MB adsorbed by CAC under 
the conditions of single and paired solutions, the 
adsorption data contained in Fig. 5 was analyzed 
by Langmuir adsorption isotherm equation (Eq. 4) 
and Freundlich adsorption isotherm (Eq.5)29. 
                                                                    	

	 (4)
                                                           		

 	 (5)

	 For the Langmuir adsorption isotherm 
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equation, it is known that Ce (mg L-1) is the equilibrium 
concentration of the metal ion solution, qe (mg g-1) 
is the metal ion adsorption capacity at equilibrium, 
qm the adsorbent monolayer adsorption capacity 
and KL is the adsorption energy constant.  Next, plot 
log qe-1 versus Ce will produce a straight line with 
(qmKL)

-1 as slop and (qm)-1 as intercept. Furthermore, 
in Freundlich adsorption isotherm equation, plot 
log qe versus log Ce will produce KF and exponent 

n, where KF is the adsorption capacity factor and 
n is the intensity factor, with the values n ranging 
from 1-1030. The linear regression equations of the 
Langmuir and Freundlich isotherms model of the 
phenol and MB solution adsorbed by CAC under the 
conditions of single and paired solutions are shown 
in Fig. 6. Phenol and MB adsorption data on CAC 
adsorbent obtained from the analysis using Langmuir 
and Freundlich equations are shown in Table 2.

Fig. 5. The relationship between the initial concentration of the solution with the amount of phenol  
and MB adsorbed by CAC under the conditions of single and paired solutions

Fig. 6. The linear regression equations of isotherms models of (a) Langmuir and (b) Freundlich

Table 2: Langmuir and Freundlich parameters for the adsorption of phenol and  
MB on CAC at temperature 27°C and contact time 120 minutes

Adsorbate	 qm Exp		  Langmuir	  	 Freundlich
	 (mmol g-1)	 qm 	 KL (L g-1) 		  R2		  KF	 n	 R2

		  (mmol g-1)	 x 10-2

	 		   			 
Phenol	 0.478	 0.625	 26.534		  0.864		  2.825	 1.739	 0.997
MB	 0.141	 0.169	 28.612		  0.849		  1.230	 1.341	 0.990
Phenol/MB	 0.380	 0.552	 11.118		  0.594		  1.202	 1.334	 0.962
MB/Phenol	 0.123	 0.167	 16.949		  0.519		  1.288	 1.293	 0.961
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	 From the data contained in Fig. 6 and  
Table 2, it can be observed that phenol and MB 
adsorption isotherm models on CAC adsorbents 
in both single and paired solution show that the 
adsorption process of these two adsorbates tends 
to follow Freundlich adsorption isotherm pattern.  
In the Freundlich adsorption isotherm model, the 
value of R2 is closer to 1 compared with Langmuir 
adsorption isotherm model.

	 The Freundlich isotherm model assumes 
that the adsorption is heterogeneous and the active 
sites on the surface of the adsorbent has a different 
adsorption ability to adsorbate31. This shows that 
the layer of adsorbate formed on the surface of 
the adsorbent is multilayer 26,32 contrary to result 
of adsorption Immobilization of Chaetoceros sp 
microalgae with silica as supporting matrix33. In  
Table 2 it can be observed that phenol and MB 
adsorption on CAC have an adsorption intensity 
values of more than one (n > 1) indicating that the 
adsorption process increases with an increase in 
adsorbate concentration 28,31. The adsorption of 
phenol and MB on CAC occurs through the pore 
cavities of carbon from the oil palm shell formed 
through the physics process and the H3PO4 activator.  
Increased concentration of adsorbate increases 
interface between the adsorbate in aqueous phase 
and adsorbent and also offers the required driving 
force to overcome the resistance to the mass transfer 
of phenol and MB between the solid phase and the 
aqueous phase2.

	 From Table 2, it can be observed that CAC 
shows higher heterogeneity for phenol than that for 
MB. The value of KF shows that the more uptake 
capacity of phenol than that MB on CAC, either 
in single or in pairs. The adsorption competition 
between phenol and MB shows that phenol in pairs 
in solution with MB is more adsorbed by the amount 
of adsorbed phenol (qm Exp)  of 0.380 mmol g-1 
compared to MB (qm Exp) of 0.123 mmol g-1.  This 

happens because phenol has a molecular size and 
the molecular mass is relatively smaller than that of 
MB, so phenol has faster mobility to occupy active 
sites on the CAC compared to MB in pairs. Thus it 
can be stated that the size and mass of the relative 
molecule have an effect on the adsorption process 
if the adsorbate is competed in pairs27.

CONCULSION

	 Activated carbon derived from chemically 
activated palm coconut shell using H3PO4 activator 
can be used as an effective adsorbent to remove 
phenol and MB, either in the form of single solution 
or in pairs.  Phenol adsorption on CAC is optimum 
at pH 8 while MB adsorption on CAC is optimum at  
pH 11 with optimum contact time of 90 min. for 
phenol and 120 min. for MB respectively.  The phenol 
and MB adsorption process were performed in single 
and binary systems using the batch method. The 
phenol and MB adsorption data on the CAC in a 
single system follow the pseudo-second-order kinetic 
model. The adsorption of phenol and MB on the 
CAC tends to follow Freundlich adsorption isotherm 
pattern which is dominated by physical interactions 
through porous cavities of the activated carbon.
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