
Abstract—Cashew nut shells were converted into activated carbon 
powders using KOH activation plus CO2 gasification at 1027 K. The 
increase both of impregnation ratio and activation time, there was 
swiftly the development of mesoporous structure with increasing of 
mesopore volume ratio from 20-28% and 27-45% for activated 
carbon with ratio of KOH per char equal to 1 and 4, respectively.  
Activated carbon derived from KOH/char ratio equal to 1 and CO2
gasification time from 20 to 150 minutes were exhibited the BET 
surface area increasing from 222 to 627 m2.g-1.  And those were 
derived from KOH/char ratio of 4 with activation time from 20 to 150 
minutes exhibited high BET surface area from 682 to 1026 m2.g-1.
The adsorption of  Lead(II) and Cadmium(II) ion was investigated. 
This adsorbent exhibited excellent adsorption for Lead(II) and 
Cadmium(II) ion. Maximum adsorption presented at 99.61% at pH 
6.5 and 98.87% at optimum conditions. The experimental data was 
calculated from Freundlich isotherm and Langmuir isotherm model. 
The maximum capacity of Pb2+ and Cd2+  ions was found to be 28.90 
m2.g-1 and 14.29 m2.g-1, respectively.

Keywords—Activated carbon, Cashew nut shell, Heavy metals, 
Adsorption 

1. INTRODUCTION

ater pollution is serious problem of the environment. The 
increasing in the use of major 20 heavy metals from over the 
past few decades has inevitably resulted an increasing flux of 

metallic substances in natural source of water. Resulting from many 
industries such as tannery, mining, alloying  and battering  produce 
significantly major hazardous heavy metal ions such as lead, 
cadmium and mercury [1]. All lead compounds are considered 
cumulative poisons. Acute lead poisoning can effect nervous system 
and gastrointestinal track [2]. The harmful of cadmium include 
number of acute and chronic disorders such as “itai-itai” disease,  
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emphysema and hypertension [3]. Conventional technique for heavy  
metals removal water and wastewater including electroplating, 
evaporating, oxidation, reduction, membrane separation, ion 
exchange and adsorption. Among these methods, adsorption is 
worthy economical and effective [4]. Various adsorbents such as 
silica gel,  alumina clay, synthetics polymer resins and carbonaceous 
materials are used in adsorption method [5]. The activated carbon is 
the major applying for removal heavy metals adsorption [6], [7].  
Agriculture wasted is highly uses as  raw material for produce the 
activated carbon because large quantity of unused and low cost on the 
production [8]. In recently, activated carbons can be commonly 
produced from coal, wood or agricultural wastes such as coconut and 
palm shell, corncob, rich husk, etc., activated by physical or chemical 
process. Because of their special pore structure, they have super 
adsorption capacity and are generally used in variety industrial and 
domestic fields, such water treatment, solvent decolourization, 
catalyst supports of fuel cell and surpercapacitors [9]. In recent years, 
there is growing interest in the production of activated carbons from 
agricultural by-products and residual wastes. In previous studies, 
many researchers found that activated carbons from coconut shells 
[10], and pistachio shells [11] by KOH activation and CO2
gasification are essentially microporous with a fairly high surface 
area [12]. Chemical carbonization of baggage with concentrated 
sulfuric acid at a 4: 3 ratio and subsequent CO2 activation at 900oC 
produced activated carbons with high surface areas (403-1433 m2.g-1)
[13]. The above mentioned studies show that KOH activation and 
CO2 gasification enhance high surface area in activated carbon.  
However, there are few reports on the preparation and 
characterization of activated carbons derived from cashew nut shells 
[14] - [16] but the study about how to prepare activated carbon from 
cashew nut shells with large surface area is scarce in literature. The 
cashew tree, Anacardium occidentale Linn., is a native plant of 
eastern Brazil and is introduced into other tropical countries such as 
India, Africa, Indonesia and South East Asia in the 16th century.  It is 
now found widely in other parts of Central America and the Southern 
of Thailand, cashew nut shells are usually neglected and abundant 
agricultural waste.  The cashew nut shells have found important 
commercial usage as the phenolic raw material for the manufacture of 
certain resins and plastics having unusual electric and frictional 
properties.  Therefore, it is interesting to develop the cashew nut 
shells as activated carbons with large surface area. 
         The objectives of this work are to prepare activated carbons 
from cashew nut shells using KOH activation under N2 and CO2
atmosphere. The prepared activated carbon which characterized their 
properties from typical technique was use for removal of  lead(II) and 
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copper(II) ions in aqueous solutions by batch method. The parameters 
such as effect of initial pH of heavy metal solution, contact time,   
dosage of activated carbon, and initial concentration of heavy metals 
were studied. 

2. EXPERIMENTAL

2.1. Preparation of activated carbon  

       Chars were prepared from cashew nut shells by carbonization in 
the absence of air. These chars were well mixed with water and KOH 
in a grass beaker with the weight ratios of KOH per char equal to 1 
and 4. The mixed chars were dried in oven at 120oC for 24 h to obtain 
the dried mixtures consisting of chars and KOH.   The dried mixtures 
were heated  in oven from room temperature to 850oC (1027 K) with 
a rate of 15 oC.min-1, and temperatures for 20 to150 minutes. When 
the time was up, the nitrogen gas was switch off and CO2
immediately flowed into the oven. The activated carbons obtained 
were thoroughly washed with distilled water several times, dried at 
110oC, cooled at room temperature and stored in desiccators for 
activated carbon characterization. 

2.2. Characterization of the produced activated carbon 

       FT-IR spectrometer (Spectrum GH, Perkin Elmer) was employed 
to determine the presence of surface functional groups in samples and 
samples were analyzed as KBr pellets. The change of crystal 
structures was characterized by X-ray diffractionmeter (XRD) with 
CuK-  radiation (Siemens, D-500). The microstructure of activated 
carbon was investigated with Scanning electron microscope (LEO, 
Model 1455VP). The BET surface area of the activated carbon was 
obtained from the N2 adsorption isotherm at 77K with adsorption 
meter (Micromeritics, Porous Materials, BET-2020). The yield was 
calculated by the following formula as in (1);  

        %yield    =  (weight of the final products)/(weight of the initial     
                            samples)  100.                                                   (1) 

2.3. Adsorption experiments 

   The activated carbon which has highest BET surface area 
(1127 m2.g-1) were chosen as adsorbent for adsorption of heavy 
metals solution. The adsorption  of Pb(II) and Cd(II) ions from 
aqueous solution was investigated by batch method. The effect of 
initial pH, contact time and activated carbon dosage and initial heavy 
metals concentration were studied. The aqueous which aliquots of 50 
mL of Pb(II) and Cd(II) solution of 40 mg.L-1 were poured  into 
Erlenmeyer flask(100 mL) containing accurately weight amount of 
activated carbon which used as adsorbents. The required initial pH of 
solution were adjusted by adding 0.1 M HCl or NaOH. Then, the 
flasks were shaken continuously at 200 rpm by auto-shaker for 
prescribed length of time attain to equilibrium. After filtration 
through Whatman filter paper, Pb(II) and Cd(II) ions remaining in the 
solution were determined by atomic adsorption spectrometer(Varian 
SpectrAA 220).  

        The amount of metals ion adsorbed[17]   was calculated in 
percentage(%) and metal uptake(qe) as in (2) and (3); 

 % Adsortion   =    (Ci  - Ce )/Ce    x 100      (2) 
   
                                   qe  =     (Ci - Ce) V /1000 w     (3) 

where      Ci  is  the initial concentration (mg.L-1)
     Ce  is  metal concentrations at various time interval (mg.L-1)
     V   is  the volume of the heavy metal solution (mL) 
     w   is  the mass of adsorbent(g) 

The Freundlich equation [18]-[21] is in the linearise form as in (5) ; 
                      

log qe   =       1/ n  (log Ce )    +    log k                               (5)
   
     where        qe   is the metal ions adsorbed(mg.g-1)  at equilibrium 
                       Ce  are  the equilibrium concentration(mg.L-1)
                        k   is  Freundlich constant with multilayer adsorption 
                        n   is adsorption intensity 

The  Langmiur equation [22] is in the form as in (6); 
                      

         Ce / qe     =   1/ qmax  KL    + Ce /qmax                        (6)                 
     
where          qe     is   the metal ions adsorbed(mg.g-1)

                      Ce    are  the equilibrium concentration(mg.L-1)
                qmax  is   monolayer adsorption capacity(mg.g-1)
               KL     is  Langmiur adsorption constant 

      Langmuir and Fruendlich isotherms were obtain from the 
experiments. 

3. RESULTS AND DISCUSSION

3.1.  Effects of KOH/char and activation time 

        Fig. 1 shows the effects of the activation time on the yield of 
activated carbons.  It can be seen that, an increase of activation time 
decreases the yield of activated carbons.  For the activated carbons of 
group with KOH/char ratio equal to 4, the yield decreased from  
82-64% with the increase of the activation time from 20–150 
minutes.  For the activated carbons of group with KOH/char ratio 
equal to 1, the yield decreased from 77-60% with the increase of the 
activation time from 20–150 minutes.   The results indicate that with 
increase of the activation time the yield of group with KOH/char ratio 
equal to 1 are lower than that of group with KOH/char ratio equal to 
4.  This is due to the occurrence of the activation reaction between 
CO2 and carbons, so the longer activation time favors the progress of 
activation reaction, which increases in the degree of burning of the 
produced carbon.  However, a large amount of KOH enveloped the 
carbon, thus lowered the reaction between CO2 and carbon, resulting 
of decrease in the degree of burning of the produced carbon. 

Fig. 1.  Effect of activation time on yield(%) of the activated  carbons.      

3.2.  Surface chemistry   

        The adsorptive capacity of the activated carbon is influenced by 
its surface chemical structure. The functional groups suggested most 
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Table 3  Comparison of adsorption capacity of various sorbent for 
Pb(II) and Cd(II). 

4.   CONCLUSIONS

        A high BET surface area activated carbons could be prepared 
from cashew nut shells by KOH activation plus CO2 gasification.  
FTIR spectrum of activated carbons exhibited the presence of 
different oxygen groups, and aromatic carbon structures. The X-ray 
diffraction profiles showed a predominantly amorphous structure, and 
two broad peaks seemed to appear at around 2  = 26o and 43o which 
were similar to the peaks of crystalline carbonaceous structure such 
as graphite.  SEM photographs showed that the structure of activated 
carbons composed of a great porous with honeycomb shaped and 
increased with increase of KOH/char ratio and gasification time.   
Increasing activation time from 20 to 150 min resulted in higher 
values of BET surface area, pore volume and ratio of mesopore 
volume. The activated carbons prepared at an activation time of  
150 minutes with KOH/char ratio to 4 yielded the highest BET 
surface area(1120 m2.g -1). The optimum conditions of lead and lead 
showed highly 99.90% and 98.87%, respectively. The adsorption 
capacity of both of heavy metals exhibited high values that use as 
beneficial adsorbent. The study indicated that activated carbon 
prepared from cashew nut shells could be use as an effective 
adsorbent for the treatment of lead and cadmium aqueous wastewater. 
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