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ABSTRACT 

 
In the present work, activated carbons were produced from coconut shell by pyrolysis and physical 

activation in the presence of carbon dioxide at different activation temperature. The AC was characterized to 
determine the surface area, pore volume and the functional group on the surface and to study the effect of 
activation temperature on the properties of the AC. The prepared activated carbons were used to treat aluminium 
and manganese ions. The effect of activation temperature on BET surface area, total pore volume, micropore 
volume and surface functional group of activated carbon was evaluated systematically. Batch adsorption test had 
been carried out to determine the potential and the effectiveness of activated carbon in removal of aluminium 
and manganese at various pH and initial ion concentrations. The Langmuir adsorption isotherms were used in 
the study to verify the adsorption performance. It was found that increasing activation temperature was 
favourable to the formation of pores, BET surface area, total pore volume, and micropore volume. The yield of 
the activated carbon decreased but the surface area and pore volume increased with the activation temperature. 
At the activation temperature of 600 °C the surface functional groups that are important for the adsorption of 
ions could still be detected but at 800 °C, almost all of the surface functional groups could not be detected. 
Adsorption studies showed that adsorption performance increased with increasing pH and initial ion 
concentration. The adsorption capacity ofAl(III) and Mn(II) was greater on the AC-600 than AC-800. 
Adsorption capacity of Al(III) was higher (0.957 mg/g) than Mn(II) (0.857mg/g) onto AC-600 at pH of 8, which 
indicating that surface area and surface functional groups are important in determining the adsorption of the ions. 
The prepared activated carbons were effective in removing aluminium and manganese at lower concentration 
and pH as in drinking water. 
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Introduction 

 
The removal of toxic metals from aqueous solution is an issue of great social and environmental importance. 

The concentration of toxic metal ions has increased beyond environmentally and ecologically sustainable levels 
due to natural phenomenon as well as impact from human activities.  It has resulted in severe contamination in 
groundwater and surface water. The effects and the method for treatment of heavy metals such as mercury, lead, 
cadmium and chromium have been widely studied. However, other metals such as aluminium and manganese 
which are also toxic, gain less attention although they are common pollutant in ground water and fresh water 
(Jusoh et al., 2005). Researchers have shown that these metals can be harmful to human health if it is taken in 
high concentration or continuously especially in drinking water (Sreekumaran et al., 2002; Birchall and 
Chappell, 1989). 

Activated carbon is utilized as adsorbent in portable water treatment due to its well developed pore structure, 
high internal surface area and good mechanical characteristic (Li et al., 2008). Adsorption with activated carbon 
represents a low cost, highly effective method to remove metal ion from aqueous solution at low concentration 
(Dastgheib and Rockstraw, 2002). Typically the preparation of activated carbon can be divided into two 
methods; physical activation and chemical activation. The main advantages of physical activation normally 
using CO2, steam, air or their mixture is because this method is not involving any harmful chemical. Major 
advantages of the chemical activation are lower treatment temperature, shorter treatment time, exhibit a larger 
surface area and better developed mesoporous than physical activation (Faust and Aly, 1987). The main 
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disadvantage of chemical activation is that the emission of chemicals may cause serious environmental 
problems, which strongly limit its present use (Jubisa and Radovic, 2008). That is why physical activation is still 
widely used in manufacturing of activated carbon. In present study, granule coconut shell was carbonized under 
nitrogen before physical activation by CO2 at various activation temperatures to obtain activated carbon (AC). 
The AC was characterized to determine the surface area, pore volume and the functional group on the surface 
and to study the effect of activation temperature on the properties of the AC. Batch test was conducted to 
investigate the performance of AC to adsorb Al(III) and Mn(II) ions at different solution pH and initial 
concentration. 

 
Experimental: 
 
2.1 Material: 

 
The coconut shell (CS) used as the raw material to produce activated carbon in this study were obtained 

from Malaysia. The CS was cleaned with deionized water, dried at 110 °C for 48 hours, ground with a grinder 
machine and sieved using mechanical sieve shaker to obtain samples of 1.0-2.0 mm particle size.  
 
2.2 Carbonization and activation of coconut shells: 

 
50 g of CS were loaded in the sample holder and place in the center of muffle furnace. The CS was heated 

up to the carbonization temperature of 400°C at a heating rate of 10°C /min and was held for 1 hour at the 
carbonization temperature under N2 gas flow. After carbonization the samples were cooled to 200°C under N2 
flow to produce char (CH). At 200°C the supply of N2 was stopped and the CO2 gas was introduced to activate 
the char. Then, the char was heated again to desired temperature (400, 600, 800 °C) at heating rate of 50 °C/min 
for 1 hour. After activation, the solid samples, i.e. activated carbon (AC) were cooled at ambient temperature. 
There type of AC produced at the activation temperature of 400, 600 and 800 °C designated as AC-400, AC-600, 
and AC-800, respectively, were kept in desiccators for further experiments. 
 
2.3 Characterization: 

 
Pore structure of the char and activated carbons were characterized by nitrogen adsorption at 77 K with an 

accelerated surface area and porosimetry system BET analyzer, ASAP 2020 (Macromeritic). Fourier Transform 
Infrared Spectroscopy -Attenuated Total Reflectance Spectroscopy (FTIR-ATR)(Perkin Elmer)in the range of 
650-4000 cm-1 were used to detect the surface functional groups present in the CS, CH and AC. 
 
2.4 Adsorption Experiments: 

 
AC-600 and AC-800 were choosen in this adsorption study because they have higher a BET surface area 

and different surface functional group.Solution of Al(III) and Mn(II) were prepared from aluminium chloride, 
AlCl3 and manganese sulphate, MnSO4.H2O. The batch adsorption test was carried out to determine the 
adsorption capacity of Al(III) and Mn(II) onto AC-600 and AC-800. The test was conducted by mixing 0.1 g of 
AC with 25 ml of metal ion solution in a 150 ml conical flask and shook at 100 rpm in room temperature until 
equilibrium is reached. This test was conducted using various pH at pH 6, 7 and 8 and initial concentration from 
0.1 mg/L to 1.0 mg/L for Al(III) and Mn(II) respectively. Preliminary experiment that was conducted showed 
that equilibrium attained after 24 hours. After the equilibrium was achieved, the metal ion solution was decanted 
and analyzed by Inductively Coupled Plasma- Optical Emission Spectroscopy (ICP-OES) (Perkim Elmer, 
Optima 4300DV). 

 
Results And Discussion 
 
3.1 Porosity and Surface Morfology” 

 
Fig.1 shows the N2 adsorption isotherms for the AC-400, AC-600 and AC-800, respectively. Adsorption 

isotherms of all activated carbon produced shown isotherm type I with sharp knee, according to the 
classification Brunnauer-Deming-Deming-Tellet (BDDT) (Faust and Aly,1987). This indicates that the 
adsorption occur on monolayer and the presence of micropores. The N2 adsorption isotherm of AC-400 shows a 
very low nitrogen adsorption throughout the pressure range indicating lower surface area and pore development. 
The adsorption isotherms of AC-600 and AC-800 had not much different and very close together indicating the 
surface area and pore development was quite similar. 
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Fig. 1:  N2 adsorption isotherm of activated carbon prepared under different activation temperature 

 
Table 1 indicated the effect of activation temperature on the development of the porosity on the AC. It 

showed that increasing activation temperature increased the BET surface area (SBET), pore volume (Vtot) and 
micro volume (Vmicro) but decreased the average pore diameter (Wp). Activated carbon with higher BET surface 
area is obtained at activation temperature of 800 °C. High BET surface area showed the presence of micropores 
(Li et al., 2008). However, high activation temperature resulted in low yield of the AC. In order to produce 
enough amount of AC with high adsorption, the temperature parameter is very important. 

 
Table 1: Characterization of porosity char and activated carbon prepared under different activation temperature 

Sample Yield 
 

SBET 

 
Wp 

 
Vtot 

 
Vmicro 
 

Vmicro/Vtot 
 

 [%] [m2g-1] [Nm] [cm3g-1] [cm3g-1] [%] 
Char 
 

40.78 
 

84 
 

1.97 
 

0.041 
 

0.036 
 

87.8 
 

AC-400 28.80 190 2.47 0.117 0.702 60.0 
AC-600 15.25 384 2.21 0.213 0.168 78.9 
AC-800 12.81 464 1.94 0.225 0.184 81.7 

 
3.2 Surface Chemistry: 

 
All FTIR spectra obtained from CS, CH and prepared AC is shown in Fig.2. FTIR for CS, CH, AC-400 and 

AC-600 showed several similarities and little diverse variation.The broad band  from at 3400-3000 cm-1 indicate 
the presence of the –OH group for alcohol, phenol and carboxylic acid (Jusoh et al., 2005). The band was weak 
and shallow for CH, AC-400 and AC-600. A small weak band appearing in all samples around 2900 cm-1 is 
generally ascribed to symmetric or asymmetric streching of aliphatic bonds in -CH-, -CH2- or -CH3- (El-
Hendawy, 2005). 

All those samples exhibited a broad region of weak overlapping bands between 1500-1800 cm-1 . This may 
be attributed to the presence of combined carbonyl , lactone groups and aromatic C=C stretching (Jubisa and 
Radovic, 2008).   The C=O  stretching which correspond to the vibrations of C=O in carboxylic acid (-COOH)  
are found at 1740 cm-1 for CS and  1690-1700 cm-1  for AC-400 and AC-600.  The band around 1590-1500 cm-1  

is assigned to  C=C ring stretching in a large aromatic skeleton generally found in carbonaceous material such as 
activated carbon (Sricharoenchaikul et al., 2008). Sharp spectral changes shown in decreasing intensity of band 
at 1690-1700 cm-1 and 1100 cm-1 indicate significant decrease in oxygen content. The broad band at  the range 
1000-1200 cm-1 are assigned to  C-O stretching  of ester and phenolic groups (Jubisa and Radovic, 2008). FTIR 
for AC-800 showed totally different IR spectrum with the absence of peaks.It can be concluded that no surface 
functional group is present on the surface of AC-800. 

 
Adsorption Study: 

 
The adsorption isotherm for Al(III) and Mn(II)  onto activated carbon AC-600 and AC-800 are shown in 

Fig 3 and 4.It  shows that the adsorption capacity of Al(III) and Mn(II) are increase with increasing in  pH. The 
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highest adsorption capacity onto AC-600 and AC-800 for both Al(III) and Mn(II) was obtained at pH of8. As 
negative charged on carbon surface increases with the increase in pH, chemical and electrostatic interaction 
between carbon and metal ionsincreases thus enhances the adsorption capacity(Atieh et al., 2010). The hydrogen 
ion concentration increases if pH is low, thus competition adsorption between H+ and metal ions results in low 
adsorption capacity (Amud et al., 2007). 
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Fig. 2: FTIR-ATR spectra for CS, CH, AC-400, AC-600 and AC-800 
 
 
 
  
 
 
 
 
 
(a)                                                                          (b) 
 
 
 
 
 

 
Fig. 3: Adsorption isotherm of Al(III) onto a) AC-600 b) AC-800 at different initial pH 

 
 
 
 
 
 
  
 
  
 
 
(a)                                                                                (b) 
 
 
 
 

 
Fig. 4: Adsorption isotherm of Mn(II) onto a) AC-600 b) AC-800 at different initial Ph 
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The data obtained from the batch study for adsorption of Al(III) and Mn(II) is summarized in Table 2. The 
Langmuir equation is an isotherm which is valid for monolayer sorption onto a surface with a finite number of 
identical sites (Jusoh et al., 2005). Langmuir adsorption equation refer q as the adsorption capacity of adsorbate 
adsorbed onto activated carbon to form monolayer and b is the empirical constant related to the affinity of the 
binding site. 

In this study, adsorption capacity of Al(III) was higher at the same pH of 8 with AC-600 and AC-800 which 
q is 0.947 mg/g and 0.857 mg/g respectively. Adsorption of Al(III) onto AC-600 is more effective with higher 
adsorption capacity and higher affinity of the binding site, even though the BET surface area of AC-600 is less 
than AC-800. This may be related to the present of weak acidic functional group onto the surface of the AC-600 
as shown from the FTIR-ATR result. Researcher has compared the surface chemistry of the carbon and reported 
that it has a great influence on both electrostatic and non-electrostatic interactions, and can be considered the 
main factor in the adsorption mechanism (Moreno-Castilla, 2004). The functional groups like –OH and 
carbonaceous CxOH are dissociated at various pH values depending on their respective acidic dissociation 
constant and consequently take part in surface complexation/exchange of metal cations (Hasany and Ahmad,  
2006). 

Adsorption capacity of Mn(II) was higher onto AC-600 at pH of 8 which q is 1.107mg/g. The adsorption 
Mn(II) is greater onto AC-600 is similar to the adsorption of Al(III) onto AC-600. However, boththe activated 
carbon has a higher adsorption capacity for Al(III) compared to Mn(II). This may be due to adsorbates 
characteristic in term of electronegativity and ionic radius (Jusoh et al., 2005). The electronegativity of Al(III) is 
higher than Mn(II) which are 1.61 and 1.55 respectively. Higher electronegativity corresponds to the higher 
adsorption levels of metal ions onto the activated carbon.The atomic radius of Al(III) is smaller(0.68Å) than 
Mn(II) (0.80 Å).The smaller the ionic radius makes it easier to penetrate into the micropores of activated carbon 
(Jusoh et al., 2005). 

 
Table 2: Langmuir adsorption isotherm parameter for (a)Al(III) and (b) Mn(II)  on AC-600 and AC-800 at different pH. 

Ion Adsorbent pH Langmuir parameter 
qmax b r2 

Al (III) AC-600 6 0.52 4.17 0.843 
  7 0.57 8.93 0.965 
  8 0.95 9.17 0.525 
 AC-800 6 0.44 3.21 0.428 
  7 0.72 5.37 0.909 
  8 0.81 6.80 0.725 
Mn(II) AC-600 6 0.59 4.23 0.669 
  7 0.58 6.53 0.742 
  8 0.86 8.09 0.987 
 AC-800 6 0.39 4.19 0.998 
  7 0.68 3.41 0.309 
  8 0.69 5.10 0.279 

 
Conclusion: 

 
In this study result shows that the higher activation temperature the higher BET surface area of the activated 

carbon. However, the higher temperature removes some of the functional group on the surface of activated 
carbon. The surface functional group has a great influence on the adsorption of metal ions. AC-600 has higher 
adsorption capacity for Al(III) and Mn(II). The adsorption capacity of Al(III) is higher than Mn(II) for both AC-
600 and AC-800. The prepared activated carbons were effective in removing aluminium and manganese at 
lower concentration and pH as in drinking water. 
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