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Abstract 

Areca catechu shell (ACS) was utilised as adsorbent for removal of Cu(II) from 
aqueous solution. FTIR and SEM analysis were conducted to characterise the 
surface morphology of chemical activated ACS adsorbent. The ACS adsorbent 
has been investigated in terms of contact time and Cu(II) initial concentration. 
As a result, the efficiency of Cu(II) removal in solution exponentially increased 
with contact time reaching equilibrium at 9.6 ks. Cu (II) adsorption capacity 
increased over the increasing Cu(II) initial concentration in solution from 0 to 
14 mg/L, and it decreased for the decreasing Cu(II) initial concentration in 
solution from 14 to 25 mg/L. The highest Cu(II) adsorption capacity for the 
Cu(II) initial concentration being in the range of 1-25 mg/L was 1.33 mg/g at 14 
mg/L Cu(II) initial concentration. The kinetics study showed the Cu(II) 
adsorption kinetics followed the pseudo-second-order kinetics with the 
correlation coefficients (R2) being 0.999 and the rate constant, kH being 0.18 
g/mg.ks. Meanwhile, the pseudo-first-order rate constant, kL being 0.52 /ks with 
the R2 being 0.807. Moreover, the Cu(II) adsorption isotherm followed the 
Langmuir model with the R2 being 0.98, and the mono-layer adsorption 
capacity being approximately 0.964 mg/g. The Langmuir over-all adsorption 
capacity is approximately 2.788 L/mg. 
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1.  Introduction 

Heavy metal is a very dangerous type of contaminants in the environment because 
it is not biodegradable and not able to undergo bio-accumulation in the food 
chain. Increased industrial growth rate is one of the causes of the increase in the 
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number of pollution caused by waste containing heavy metals. Copper is one 
example of the most pollutans heavy metals contained in the aqueous waste from 
chemical, electrical and mining industries [1]. This heavy metal tends to 
accumulate in the tissues of the human body and cause various poisoning [2]. 

To remove copper contaminant from aqueous solutions, adsorption is widely 
promoting chemical technology among other applications throughout the world. 
Many researches have been carried out to find economical and high capacity 
adsorbents for the removal of copper ion [3-6]. Various easily regenerable 
adsorbents had been investigated to obtain the adsorption capacity of copper from 
aqueous solutions. The adsorption capacity of copper on the lignocellulosic 
material adsorbent of tea, green tea and coarse tea was obtained to be 
approximately 11.35, 6.37 and 7.36 mg/g, respectively [7]. In addition, the 
adsorption capacity of copper on the lignocellulosic material adsorbent of Brazil 
nut shells and Cassava peel based activated carbon is approximately 19.4 and 52 
mg/g, respectively [8-10]. Other lignocellulosic material which can be utilised as 
adsorbent is areca catechu shell. It physically consists of several kinds of fibers 
with the compositions including alpha cellulose, hemicellulose, lignin and fat at 
53.20%, 32.98%, 7.20% and 0.64% (dry weight), respectively [11]. However, 
there is still a limited study on the Utilisation of areca catechu shell as adsorbent 
for copper removal. Meanwhile, areca catechu shell which is solid waste from 
processed agricultural products of areca catechu nut in many tropical countries, is 
a very economical raw material to be utilised as adsorbent. 

Therefore, this study generally aims to utilise areca catechu shell as adsorbent 
by chemical activation. The specific objectives of this study were to investigate 
the effect of contact time and Cu(II) initial concentration on the Cu(II) adsorption 
by areca catechu shell (ACS) adsorbent in the aqueous solution, to study the 
adsorption kinetics of Cu(II) by the ACS adsorbent and to obtain the kinetics 
constant of Cu(II) adsorption by the ACS adsorbent, to study the adsorption 
isotherm of Cu(II) on the ACS adsorbent, and to obtain the adsorption capacity of 
Cu(II) adsorption by the ACS adsorbent. 

 

2.  Materials and Method 

2.1.  Instrumentation 

Adsorbent utilisation was carried out in the Laboratory of Physical Chemistry, and 
all the adsorption experiments were conducted in the Laboratory of Unit Operations 
for Chemical Engineering at Department of Chemical Engineering, Syiah Kuala 
University. The instruments used for the adsorbent utilisation and adsorption 
experiments were also available in the laboratories. An atomic absorption 
spectrometer (AAS) Shimadzu AA 6300 was used to determine the Cu(II) 
concentration in aqueous solution which is available in the Chemical Analysis 
Laboratory at the Faculty of Mathematics and Science, Syiah Kuala University. 

2.2.  Adsorbent utilisation 

Areca catechu shell of 1 kg was washed thoroughly, dried under the sun for 5 days 
at an average temperature of 303.15 K (±2 K) and average relative humidity of 
12%. It was cut into small pieces and then dried in an oven drier at 333.15 K (±2 K) 
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for 86.4 ks. Then, it was crushed to a powder using ball mill and sieved to obtain a 
uniform size of 100 mesh. Chemical activation of dried areca catechu shell powder 
was then carried out in a 1 L of beaker glass with 3.5 M of sulfuric acid solution 
with constant stirring at 1.25 rps for 86.4 ks. The ACS adsorbent was washed with 
distilled water and decanted 3 times to remove the excess acid, and it was filtered 
using vacuum filter. It was finally dried in an oven drier at 383.15 K (±2 K) for 86.4 
ks to remove the excess water. The ACS adsorbent was then ready to use.  

2.3.  Adsorbent characterisation 

To identify the chemical functional groups on the ACS raw material and ACS 
adsorbent, Fourier transform infrared spectroscopy (FTIR). The FTIR spectra 
were obtained between 400 and 4000 cm-1 using a Shimadzu IR Prestige 21 
spectrophotometer (Shimadzu Co. Kyoto, Japan). KBr pellets (0.1% sample) 
were used to obtained the transmission spectra of the samples. Meanwhile, the 
physical morphology of the raw material ACS and ACS adsorbent surface was 
identified using a scanning electron microscopy (SEM). A JEOL JEM-7500F 
(Tokyo, Japan) instrument was used with an accelerating voltage of 2kV for the 
characterisation of the morphology of the ACS raw material and ACS 
adsorbent. The samples were dried at 383.15 K (±2 K) for about 54 ks pior to 
the SEM analysis. 

2.4.  Stock solution of Cu(II) 

The stock solution of Cu(II) of synthetic effluent was prepared from analytical 
grade by dissolving 4 g (±0.001) CuSO4.5H2O (99% pure from Aldrich) in 1 L of 
distilled water in 1 L of erlenmeyer flask. The sample of 5 mL was taken and 
analyzed using the AAS to determine the concentration of stock solution. The 
stock solution was taken using a variable volume pipette, and diluted with 
distilled water into the required concentration of aqueous solution using general 
dilution formula for both experiments of kinetics and isotherm adsorption. 

 

2.5.  Adsorption experiments 

2.5.1. Experiments of adsorption kinetics  

A preliminary experiment of Cu(II) adsorption on the ACS adsorbent was carried 
out in batch to determine the time at which the adsorption reached equilibrium. 
The ACS adsorbent of 1g was placed into a 200 mL erlenmeyer flask, and it was 
mixed with 100 mL volume of Cu(II) aqueous solution with the predetermined 
initial concentration of 1 mg/L, and was stirred using a magnetic stirrer at 1.25 
rps, 300.15 K (±2 K) and normal pH. The sample of 1 mL was taken using a 
variable volume pipette at the predetermined contact time of 0, 1.8, 3.6, 7.2, 8.1, 
9, 9.6 and 10.8 ks whereas stirring was stopped for 60 s prior to sampling. Each 
sample was added with 10 mL of distilled water in a separated 20 mL vial. The 
dilution objective is to avoid losing adsorbate much when filtering using syringe 
filters. The filtrate was placed in 10 mL vial for the AAS analysis. The dilution 
factor is taken into account for determining the concentration from the AAS 
reading. Based on the preliminary experiment, the adsorption reached equilibrium 
at 9.6 ks of contact time. The same procedure of preliminary experiment was 
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taken into account to deal with the adsorption kinetics of Cu(II) on the ACS 
adsorbent with predetermined varying initial concentrations of 7 and 14 mg/L at 
the predetermined contact time of 0, 1.8, 3.6, 7.2, 8.1, 9 and 9.6 ks. 

2.5.2. Experiments of adsorption isotherm 

The ACS adsorbent of 1g was placed into a 200 mL erlenmeyer flask. Cu(II) 
aqueous solution of 100 mL with the predetermined initial concentration of 5 
mg/L was then put into the erlenmeyer flask and stirred using a magnetic stirrer at 
1.25 rps and 300.15 K (±2 K), to start an experiment of adsorption isotherm. The 
experiment was stopped at 60 s before the contact time of 9.6 ks prior to 
sampling. The samples were placed in a 20 mL vial and diluted with 10 mL of 
distilled water, and filtered using a syringe filters. The filtrate was placed in 10 
mL vial for the AAS analysis. Dilution factor was taken into account for 
determining the concentration from the AAS reading. The same procedure of the 
experiment of adsorption isotherm was taken into account for the predetermined 
varying initial concentrations of 10, 20 and 25 mg/L. 

 

3.  Results and Discussion 

3.1. Chemical functional groups of the ACS adsorbent 

The chemical functional groups of the ACS raw material and ACS adsorbent were 
identified using Fourier transform infrared spectroscopy (FTIR) in the spectra 
range of 400 and 4000 cm-1. Figure 1 shows the FTIR spectra of the ACS 
adsorbent whereas the thin and thick graphs representing the FITR spectra of 
ACS raw material and the ACS adsorbent, respectively. 

Five major absorption bands can be obtained from the sample, as can be seen 
in Fig. 1. The bands for the ACS adsorbent spectra are at approximately 3000-
3500 cm-1 with 1 peak, at approximately 2700-2980 cm-1 with 2 peaks, at 
approximately 1500-1700 cm-1 with 3 peaks, and at approximately 900-1300 cm-1 
with 2 peaks. Interesting to note that the chemical activation of ACS raw material 
significantly increased hydroxyl functional groups on the ACS adsorbent, as 
shown by the ACS adsorbent spectra with the intense band at approximately 
3278.99 cm-1. The wide band including the peak are also in the range of about 
3200-3650 cm-1 which indicated to alcohols and phenols in the O–H stretching 
group on the ACS adsorbent surface [12]. On the other hand, the intense band at 
approximately 2698.12 cm-1 might be referred to O–H free (2700 cm-1) on the 
surface of ACS raw material [13]. This O–H free seems to release from the ACS 
adsorbent surface due to the chemical activation, as shown by the absent of O–H 
free band in the ACS adsorbent spectra. 

The intense bands of approximately 2941.44 and 2895.15 cm-1 in the band 
range of 2700-2980 cm-1 is associated with the C–H stretching, and this showed 
that the activation cannot decrease the a significant amount of hydrogen. 
Meanwhile, the C=O stretching indicated by the intense band at approximately 
1728.22 cm-1 showed that the chemical activation cannot completely release 
esters on the ACS adsorbent surface [14]. The same results also showed by the 
C=C stretching with the band of approximately 1500-1700 cm-1

 and the intense 
bands at approximately 1660.71, 1598.99 and 1506.41 cm-1 for the ACS 
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adsorbent spectra. In addition, another wide band of approximately 900-1300 cm-1 
with the peaks of 1242.16 and 1074.35 cm-1 for the ACS adsorbent spectra 
indicated C–O stretching of volatile species and carboxyl acids [13]. Overall, the 
hydroxyl and carboxylic functional groups are in a significant amount to be active 
sites on the ACS adsorbent for the adsorption of Cu(II).  

 

Fig. 1. The FTIR spectra of the ACS raw material and ACS adsorbent. 

Figures 2(a) and (b) show the SEM micrographs (1000X) of the surface 
mophology of the ACS raw material and ACS adsorbent, respectively. As clearly 
shown in Fig. 2(a), there are regular pores on the surface of ACS raw material 
whereas all the pores are almost full with substance. The surfaces of ACS raw 
material are likely dense and smooth without any cracks. In contrast, the chemical 
activation resulted in the irregular pores on the ACS adsorbent surface, and it 
seem that the dehydrating agent of sulfuric acid released the O–H free and 
decreased the C–H stretching on many pores and surface of the ACS adsorbent, as 
can be seen in Fig. 2(b). The activation seems to change the surface matrix 
becoming porous surface with foamy wall of the pores. As a result, there should 
be high porosity on the internal and external surface. Thus, the surface physical 
morphology of the ACS adsorbent should be worthy for the adsorption of Cu(II).  

    
                                   (a)                                                              (b) 

Fig. 2. The SEM micrographs of the ACS raw material and ACS adsorbent. 
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3.2. A steady state of Cu(II) adsorption on the ACS adsorbent 

A steady state of Cu(II) adsorption on the ACS adsorbent is a condition when all 
the Cu(II) on the ACS adsorbent are at an equilibrium. In other words, it is the 
contact time, t (s) at which the concentration of Cu(II) in aqueous solution and on 
the ACS adsorbent is in an equilibrium condition, no more Cu(II) adsorbed on the 
ACS adsorbent. Figure 3 shows the preliminary experiment of Cu(II) adsorption 
on the ACS adsorbent. 

As shown in Fig. 3, the diminishing of Cu(II) in the solution reaches a steady 
state condition at approximately 9 ks of contact time with the Cu(II) concentration 
being 0.14 mg/L. The Cu(II) adsorption on the ACS adsorbent remains in 
equilibrium concentration until 10.8 ks of adsorption. Hence, the contact time of 
9.6 ks was taken into account for the equilibrium time of Cu(II) adsorption on the 
ACS adsorbent. 

 
Fig. 3. Adsorption time versus the concentration of Cu(II) in solution for 

determining the equilibrium time in the ACS adsorbent-solution system with 

1 g adsorbent and 100 mL aqueous solution of initial Cu(II) concentration    

1 mg/L, magnetic stirring at 1.25 rps and 300.15
 
K (±2

 
K). 

 

3.3. Effect of contact time on Cu(II) adsorption 

Figure 4 shows the effect of contact time on Cu(II) adsorption by the ACS 
adsorbent. As revealed in Fig. 4, the efficiency of Cu(II) removal in solution, or 
the efficiency of Cu(II) adsorption by the ACS adsorbent sharply increases with 
contact time in beginning 1.8 ks for the initial Cu(II) concentration in solution 
being 1, 7 and 14 mg/L. It then gradually increases with contact time and attains 
equilibrium within 9.6 ks. Overall, it exponentially increases with contact time. 

As can be seen in Fig. 3, the percent of Cu(II) adsorption tends to reach 
equilibrium a bit faster for the initial Cu(II) concentration of 1 mg/L than both 7 
and 14 mg/L. The percent of Cu(II) adsorption for the initial Cu(II) concentration 
of 1 mg/L at 8.1, 9 and 9.6 ks of contact time is approximately 84.44, 85.73 and 
85.73%, respectively. Meanwhile, it is approximately 90.29, 92.12 and 92.14%, 
respectively for the initial Cu(II) concentration of 7 mg/L, and it is approximately 
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93.58, 97.14 and 97.31% respectively for the initial Cu(II) concentration of 14 
mg/L. These trends are reasonable because the equilibrium time does not depend 
on the initial metal ion concentration, and the metal ion adsorption over time is 
typically monotonously increasing to equilibrium leading to the possible mono-
layer adsorption [15]. Moreover, the adsorption rate is almost the same for three 
runs because of the same utilising condition of the ACS adsorbent resulting in the 
same amount of hydroxyl functional group of cellulose content on the ACS 
adsorbent. The hydroxyl functional group of cellulose content on the ACS 
adsorbent plays important role in the Cu(II) adsorption 

 

 

Fig. 4. Effect of contact time on the Cu(II) adsorption in the ACS                   

adsorbent-solution system with 1 g adsorbent and 100 mL aqueous                

solution of initial Cu(II) concentrations 1, 7 and 14 mg/L, magnetic               

stirring at 1.25 rps and 300.15
  
K (±2

 
K). 

3.4. Effect of Cu(II) initial concentration 

The effect of Cu(II) initial concentration on the Cu(II) adsorption capacity is shown 
in Fig. 5. As highlighted in Fig. 5, the Cu (II) adsorption capacity increases over the 
Cu(II) initial concentration in solution being up to 14 mg/L, and it is approximately 
0.08, 0.65, 0.95 and 1.33 mg/g for the Cu(II) initial concentrations of 1, 7, 10 and 14 
mg/L. The affinity of the Cu(II) towards the ACS adsorbent active sites increases 
with the increase in the Cu(II) initial concentration in the range of 1-14 mg/L. This 
results in the amount of Cu(II) cover the sites, as supported by the same trends in 
the previous literatures [16, 17]. However, it seems that the Cu(II) initial 
concentration of 14 mg/L is the highest initial concentration to produce the highest 
Cu (II) adsorption capacity in the adsorbent-solution system whereas increasing 
Cu(II) initial concentration from 14 mg/L to 20 and 25 mg/L results in the decrease 
of Cu (II) adsorption capacity from 1.33 mg/g to 1.05 and 0.88 mg/g, respectively. 
This may due to the limitation of sites on the ACS adsorbent for the higher 
concentration of Cu(II) in solution. Overall, the ACS adsorbent-solution system 
with Cu(II) initial concentration of 14 mg/L yields the highest adsorption capacity 
of Cu(II) on the ACS adsorbent. 
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Fig. 5. Effect of Cu(II) initial concentration on the adsorption capacity in 

the ACS adsorbent-solution system with 1 g adsorbent and 100 mL aqueous 

solution of initial Cu(II) concentrations 1, 7, 10, 14, 20 and 25 mg/L, 

magnetic stirring at 1.25 rps and 300.15
 
K (±2 K). 

 

3.5. Adsorption kinetics of Cu(II) by the ACS adsorbent 

Adsorption kinetics of Cu(II) can be defined as the amount of Cu(II) that is 
adsorbed by the ACS adsorbent per unit of time. It can be determined by measuring 
the change in Cu(II) adsorbed on the ACS adsorbent over time, which is presented a 
rate constant of Cu(II) adsorption. To deal with, the Lagergren equation [18, 19] 
representing the pseudo-first-order model shown by Eq. (1) and Ho equation [20] as 
the pseudo-second-order model shown by Eq. (2) are taken into account: 

)( teL
t qqk

dt

dq
−=                                                                                         (1)

2)( teH
t qqk

dt

dq
−=                                                                                             (2) 

where qt (mg/g) is the adsorption capacity at the time of t (s), qe (mg/g) is the 
adsorption capacity in equilibrium, kL is the pseudo-first-order rate constant (/ks), 
and kH is the pseudo-second-order rate constant (g/mg.ks). Taking integration of 
Eqs. (1) and (2) with the initial conditions qt = 0 at t = 0 s, and qt = qt at t = t s, Eqs. 
(1) and (2) can be defined as Eqs. (3) and (4) respectively: 
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Adsorption kinetics of Cu(II) on the ACS adsorbent was investigated using the 
data from the highest adsorption capacity of Cu(II) on the ACS adsorbent shown in 
Figs. 4 and 5 for the ACS adsorbent-solution system with Cu(II) initial 
concentration of 14 mg/L The rate constants, kL and kH of Cu(II) adsorption kinetics 
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were calculated by considering the slope of the straight lines in Figs. 6 and 7, 
respectively. As the results, The rate constants, kL and kH of Cu(II) adsorption 
kinetics is approximately 0.52 /ks and 0.18 g/mg.ks, respectively. The adsorption 
capacity in equilibrium, qe being approximately 2.023 mg/g for the pseudo-first-
order kinetics and approximately 1.767 mg/g for the pseudo-second-order kinetics 
with the correlation coefficients, R2 being 0.807 and 0.999, respectively. The value 
of the correlation coefficients indicates that the adsorption kinetics of Cu(II) on the 
ACS adsorbent follows the pseudo-second-order kinetics. 

 

Fig. 6. Pseudo-first-order kinetics of Cu(II) adsorption on the ACS adsorbent                 

in the system with 1 g adsorbent and 100 mL solution of initial Cu(II) 

concentrations 14 mg/L, magnetic stirring at 1.25 rps and 300.15 K (±2 K). 

 

 

Fig. 7. Pseudo-second-order kinetics of Cu(II) adsorption on the ACS adsorbent 

in the system with 1 g adsorbent and 100 mL solution of initial Cu(II) 

concentrations 14 mg/L, magnetic stirring at 1.25 rps and 300.15
 
K (±2

 
K). 
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3.6. Adsorption isotherm of Cu(II) 

To investigate the adsorption isotherm of Cu(II) the most commonly isotherm 
models, such as Langmuir and Freundlich models were taken into account. The 
adsorption data of Cu(II) were fitted to the Langmuir and Freundlich models to 
obtain of the maximum capacity of Cu(II) adsorption. The Langmuir model [20] 
can be linearized as Eq. (5): 

e

mLme

e C
qKqq

C 11
+=                                                                                              (5) 

where Ce (mg/L) is the equilibrium concentration of Cu(II) in solution, qe (mg/g) 
is the adsorption capacity in equilibrium, qm (mg/g) is the mono-layer adsorption 
capacity, and KL (L/mg) represents the Langmuir over-all adsorption capacity. 
Plotting Ce / qe versus Ce for the adsorption isotherm of Cu(II) results in a straight 
line with the slope, 1/ qm and the intercept, 1/(qm KL) as can be seen in Fig. 8. 
Meanwhile, the linear form of the Freundlich model [21] is expressed as Eq. (6): 

Fee KC
n

q loglog
1

log +=                                                                                      (6) 

where KF (L/mg) indicates the Freundlich over-all adsorption capacity, 1/n 
represents the adsorption intensity. By plotting log qe againts log Ce for the 
adsorption isotherm of Cu(II) yields in a straight line with the slope, 1/n and the 
intercept, log KF as shown in Fig. 9. 

As can be seen in Fig. 8, the linear plot of adsorption isotherm of Cu(II) follows 
the Langmuir model for the ACS adsorbent with the correlation coefficients, R2 
being 0.98. The parameters in the Langmuir model were calculated, and the qm and 
KL were found to be 0.964 mg/g and 2.788 L/mg, respectively. In contrast, the linear 
plot of adsorption isotherm of Cu(II) does not follows the Freundlich model for the 
ACS adsorbent with the correlation coefficient, R2 being 0.336. The parameters in 
the Freundlich model were calculated, and the n and KF were found to be 3.322 and 
0.557 L/mg, respectively. Overall, the adsorption isotherm of Cu(II) ion could be 
explained favorably by Langmuir isotherm. Cu(II) ion could be adsorbed at a fix 
number of the ACS adsorbent well-defined localized sites, each site on the ACS 
adsorbent could hold only one Cu(II) ion, and there could be no interaction between 
Cu(II) ion adsorbed on neighbouring sites. 

 
Fig. 8. Langmuir isotherm for Cu(II) adsorption in the ACS adsorbent-solution 

system with 1 g adsorbent and 100 mL solution of initial Cu(II) concentrations 1, 

7, 10, 14, 20 and 25 mg/L, magnetic stirring at 1.25 rps and 300.15
 
K (±2 K). 
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Fig. 9. Freundlich isotherm for Cu(II) adsorption in the ACS adsorbent-

solution system with 1 g adsorbent and 100 mL solution of initial Cu(II) 

concentrations 1, 7, 10, 14, 20 and 25 mg/L, magnetic stirring at 1.25 rps 

and 300.15
 
K (±2 K). 

 

4.  Conclusions 

Areca catechu shell (ACS) was promoting solid waste and raw material to be 
utilised as adsorbent. The removal of Cu(II) from aqueous solution by adsorption 
using the ACS chemical activated adsorbent was investigated. Experimental 
results showed that contact time and the Cu(II) initial concentration in solution 
affect the efficiency of Cu(II) removal in solution whereas it exponentially 
increased with contact time reaching equilibrium within 9.6 ks. The maximum Cu 
(II) adsorption capacity for the Cu(II) initial concentration being in the range of 1-
25 mg/L was obtained to be approximately 1.33 mg/g at 14 mg/L of the Cu(II) 
initial concentration. The pseudo-second-order kinetics favored the adsorption 
kinetics of Cu(II) by the ACS adsorbent with the correlation coefficients, R2 being 
0.999, and the pseudo-second-order kinetics, kH being 0.18 g/mg.ks Meanwhile, 
the investigation of adsorption isotherm found that the adsorption of Cu(II) by the 
ACS adsorbent fitted with Langmuir model with the correlation coefficients, R2 
being 0.98, the mono-layer adsorption capacity being approximately 0.964 mg/g, 
and the Langmuir over-all adsorption capacity being approximately 2.788 L/mg. 
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