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Abstract

In n 687.67 mg Cu(II)/g activated carbon. The kinetic study showed that the
copper adsorption on the SPAC followed the pseudo-second order model.
The results of this study indicated that SPAC was an effective adsorbent for
removing copper ions from aqueous solutions.
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Introduction

Copper (II) ion is often found in the industrial wastewater usually
produced by the mining, farming, metal plating and manufacturing
operations in relatively high amount [1]. According to the World
Health Organization (WHO), copper is regarded as one of the most
toxic metals [2]. It is a hazardous, carcinogenic and mutagenic
substance due to the high accumulation abilities in living organism
including human beings [3,4]. From the Environmental Protection
Agency (EPA), it is regulated that the maximum amount of Cu(II) in
the waste water cannot exceeded 1.3 mg/L [5]. Above that maximum
limit, Cu(II) can cause several diseases such as nausea, lung disorders,
liver and kidney failure [6]. There have been a lot of methods are
introduced to treat wastewater containing such heavy metal ions [7].
One of the most well-known methods among others is adsorption
[8]. Adsorption process has been commonly used to remove heavy
metal ions and considered as the most viable alternative for removing
Cu(II) from waste waters [9]. Hence, the urgent needs for effective and
efficient adsorbents have come to a find for new, abundant, low-cost
and renewable material [10].

Undoubtedly, activated carbons have been known as excellent
materials removal of toxic substances from wastewaters [11]. However,
the drawbacks main for their application are on their high production
cost, adsorbent regeneration after use and environmental problems.
Hence related to those facts, the utilization of biomass wastes as
carbon precursors for the synthesis of activated carbons has become
a hot topic in research in the area of adsorbent material technology.
Recently, many types of biomass wastes has been used for the synthesis
of activated carbons which have been found to be potential and low
cost precursors as adsorbents and would solve the disposal problem of
biomass waste [11-25].
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Salacca fruit or also known as snake fruit reddish-brown scaly
skin is a typical tropical fruit cultivated in Indonesia especially in Bali,
Lombok, Maluku and Sulawesi [26]. The fruit inside consists of three
lobes with the two larger ones, or even all three, containing a large
non-edible seed [27]. After consumption of the fruit, salacca peel has
usually discarded as waste and until now, there has not been utilized as
raw materials for useful products [28]. In order to make better use of
this biomass waste, it is proposed to convert salacca peel to activated
carbons. Our previous works focused on the application of SPAC as
adsorbent material for removal of methylene blue [29].

The aim of this work was to investigate the potential of SPAC
as adsorbent for the removal of Cu(II) from synthetic aqueous
solutions. Batch adsorption studies were carried out to investigate the
effects of various parameters such initial pH solution, initial metal
ion concentration, dosage of SPAC and adsorption temperature on
the adsorption performance of Cu(II). The adsorption kinetics was
analyzed using pseudo-first-order and pseudo-second-order models.
Equilibrium data were modeled using two different equations such as
Langmuir and Freundlich model.

Experimental

Preparation of SPAC

The carbonaceous precursor selected was salacca peel. The peels
were crushed and sieved to particle sizes of 2.0-2.8 mm. The powders
were initially subjected to the pre-carbonization process at temperature
of 500°C for 1 h. After this process, the salacca peel powders were
impregnated with solution of KOH with mass concentration of 20
%-w and impregnation ratios (weight of KOH to weight of salacca
peel) of 4:1. The salacca peel powders were impregnated for 20 h. The
slurries were then heated at 80°C for 24 h to dryness. Next, samples
were pyrolyzed under N, flow at 800°C for 1 h. Prepared activated
carbons were washed with 0.1 M HCI and then with distilled water
until the pH of the washing water was 7 (neutral).

Structural and textural characterization of SPAC

Characterization in terms of specific surface area, pore volume,
and pore diameter of the obtained activated carbons was determined
by N, adsorption at with surface area and pore size analyzer using
the Brunnaeur-Emmet-Teller (BET) method. The micropore volume
was calculated by using t-Plot micropore volume. The pore size
distribution was determined by using Barrett-Joyner-Halenda (BJH)
model. Scanning electron microscopy (SEM) and energy dispersive
spectroscopy (EDS) were used for observing the morphology and
determining elemental composition of SPAC.

Adsorption of Cu(II) using SPAC

Adsorption experiments were conducted in a set of 500-mL
Erlenmeyer flasks containing 30 mg of SPAC and 500 mL of copper
ion solutions with initial concentrations of 100 ppm. The initial pH was
adjusted to 2.0, 3.5 and 5.0 with 1 mol/L HCI. The flasks were placed in a
shaker at a room temperature (25°C) and agitation rate of 100 rpm. The
samples were filtered, and the residual concentration of copper ion was
analyzed by UV Visible spectrophotometry (UV-Vis). Amonium solution
(NH,OH) was used as complex agent to analyze Cu(II) ions.
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To study the effect of the initial metal ion concentration, 500 mL
of Cu(II) at various concentrations (100, 150, 200, 250 and 300 ppm)
were mixed with 30 mg of SPAC at pH 5 in the Erlenmeyer flasks.
These mixtures were kept at room temperature with continuous
shaking at 100 rpm. All samples were filtered and analyzed by UV-Vis
spectrophotometer.

The effect of the SPAC dosage was then investigated by mixing 500
mL of Cu(Il) at concentration of 100 ppm with 30, 60 and 90 mg of
SPAC at pH 5 in the Erlenmeyer flasks. The mixtures were maintained
at room temperature and continuous shaking at 100 rpm. All samples
were filtered and analyzed by UV-Vis spectroscopy.

In order to study adsorption kinetics, batch adsorption
experiments were conducted by mixing 30 mg of SPAC with 100
mL of 100, 150, 200, 250 and 300 ppm Cu(II) solutions. All the
samples were stirred at 100 at room temperature and pH 5. For all the
adsorption experiments, they are conducted triplicate and the average
values were used for the analysis. The adsorption performances were
measured through the removal efficiency (%) and adsorption capacity
which can be calculated using the following equations:

%R = S =S 1 100% 1)
C
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Where C, and C, (mg/L) are the initial and equilibrium liquid-
phase concentrations of Cu(II) ion, respectively. V(L) is the total
solution volume, and m(g) is the mass SPAC-adsorbent.

Results and Discussion

Characterization of SPAC

Figure 1(a) shows the SEM- morphology observation of SPAC, it
can be seen that the porous structure was found on the surface carbon
samples presents an adequate morphology for copper ions adsorption.
Figure 1(b) shows the EDX spectra of obtained sample, the sample
contains mainly carbons, oxygen and silicon, as presented in Table 1.

The textural characteristics of activated carbon are determined
from the standard N, -adsorption techniques. The BET surface area is
2526 m?/g, the total pore volume is 1.45 cm’/g and the average pore
size is 2.30 nm. It shows that activated carbon has a very large specific
surface area. Figure 2 shows the N, adsorption desorption profiles of
SPAC. It can be concluded the profiles follows the Type IV according
to the International Union of Pure and Applied Chemistry (IUPAC)
classification of adsorption isotherms [30]. This is a typical structure
of mesoporous material and it is beneficial for adsorption purposes
[31,32].

Adsorption of Cu(II) from aqueous solution by SPAC

The pH of the Cu(Il) solution can be one factor influencing
the adsorption process. The pH value can determine the ionization
degree of the Cu(II) ions and the surface property of the SPAC. Figure
3 shows the effect of initial pH of Cu(II) solution on the adsorption
performance of SPAC. For all cases, it can be seen that adsorption
rate of Cu(II) ion increases sharply at short contact time and slowed
gradually as equilibrium was approached. It could be due to the
availability of initial large number of vacant surface active sites for
adsorption, the adsorption rate is very fast. As equilibrium was
approached, the filling of vacant sites becomes difficult due to the
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repulsive forces between the Cu(II) ion adsorbed on solid surface and
Cu(II) ion from solution.

It can be observed also that the adsorption capability and percent
removal efficiency of SPAC is increased as the initial pH is increased
from 2.5 to 5. It is due to the fact that the most determining mechanism
during the adsorption is caused by the ion exchange. At lower pH
value, the presence of H* in higher content may cause the direction of
reversible ion exchange equilibrium return to the sorbent materials.
For lower value of pH (2.5 and 3.5), the equilibrium was reached
within 60 minutes, while for pH of 5, it was reached longer, within
100 minutes. Based on the highest percent removal and adsorption
capacity, pH 5 was then selected for the next adsorption experiments
by varying initial Cu(II) concentration, SPAC dosage and adsorption
temperature.

The adsorption performance of SPAC as a function of the initial
concentrations of Cu(II) within is presented in Figure 4. The solution
concentration of Cu(II) was varied in the range 100-300 ppm and
the initial pH was fixed at 5.0. As seen in Figure 4, the adsorption
capacity and percent removal efficiency increase rapidly at an initial
stage of sorption and no significant increase was seen beyond this
time which shows saturation of the active sites (which are available
for specific metal ions) in the SPAC. In addition, the results show that
the percent removal increased as the inital Cu(II) concentration was
reduced from 300 to 100 ppm due to the electrostatic forces between
adsorbate and SPAC adsorbent. It was also observed that under the
experimental conditions,there was no significant adsorption after 80
minutes of stirring for all variation of initial Cu(II) concentration.

To examine the effect of SPAC dosage on the sorption intake of
Cu(Il), three different values were taken by varying the amount of
SPAC while keeping the volume of the metal solution constant at
500 ml as shown in Figure 5. It can be observed that the amount of
Cu(IT) metal ions adsorbed on the surface of SPAC increases with
the increasing SPAC dosage due to the more available of active sites
or surface area for adsorption of Cu(II) ions. The highest percent
removal of Cu(II) was about 70% at SPAC dosage of 90 mg. Hence,
the determination of the weight of adsorbent is important when using
SPAC for Cu(II) removal (Figure 5).

In order to investigate the kinetic mechanism of Cu (II) ions
sorption, two models were used in this study. The adsorption capacity
data, as shown in Figure 6, was used to study the adsorption kinetic of
Cu(II) onto the SPAC adsorbent.

The linear pseudo-first-order model of Lagergren [33] is given as
follows :

In(q,-q,)=In(q )-k t 3)

where, q, and q, are the amounts of copper ions absorbed onto the
adsorbent (mg/g) at equilibrium and at t, respectively. k1 is the rate
constant of first order adsorption (min™"). The linear plot for calculating
parameters in the pseudo first order model is given in Figure 7.

The pseudo-second-order kinetic model developed by Ho and Mckay
[34] is based on the experimental information of solid-phase sorption.
The linear pseudo-second-order model can be expressed as follows:

Table 1: Elemental Composition of SPAC provided by EDX Spectra.

Elements C (o] Si
Weight (%) 83.08 10.71 6.21
Atomic (%) 88.6 8.57 2.83
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Figure 1: (a) SEM image and (b) EDX spectra of SPAC.
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Figure 2: Isothermal N2 Adsorption- Desorption of SPAC.
¢ 1 t The validity of the exploited models is verified by the correlation
—=—0t— (4) coeflicient (R?). For all variation of initial Cu(II) concentration, it
9, kg, 4, can be seen from Table 2 that the R? values of the pseudo-second-

where, k, is the rate constant of second-order adsorption (g/mg
min™'). The adsorption kinetic models were shown in Table 2. The
rate constant (k; and k,), correlation coefficient R? and equilibrium
adsorption density of q, could be derived from the linear fitting of the
data. Fig 8 shows the linear plot for determining the pseudo second order
model (Figure 8).

order model are higher than those of pseudo-first-order model. This
result confirmed that the adsorption of copper ion onto SPAC better
fits to pseudo-second-order kinetic model [35,36]. It implies that the
predominant process is chemisorption, which involves in a sharing
of electrons between the adsorbate and the surface of the adsorbent.
Furthermore, most of the capacities calculated from the second order
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Figure 3: Effect of initial pH solution on the adsorption performance of Cu(ll) ion in solution onto SPAC (Initial Cu(ll) concentration of 100 ppm, SPAC dosage of
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Figure 4: Effect of initial Cu(ll) concentration on the adsorption performance of Cu(ll) ion in solution onto SPAC (Initial pH at 5.0, SPAC dosage of 0.3 mg, room

model are approaching the actual capacity of SPAC which is around

680 mgCu(II)/g SPAC (Table 2).

The capacity of an adsorbent can be represented by its equilibrium
adsorption isotherm. The Langmuir and Freundlich adsorption
models are commonly used to study the adsorption behavior

of materials and the correlation among adsorption parameters.

Accordingly, equilibrium data, as presented in Fig 9, were fitted by the

Langmuir and Freundlich models (Figure 9).

The Langmuir isotherm equation is represented by the following
equation:
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Figure 5: Effect of SPAC dosage on the adsorption performance of Cu(ll) ion in solution onto SPAC (Initial pH at 5.0, initial Cu(ll) concentration of 100 ppm, room

temperature).
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Figure 6: Time profile of adsorption capacity of SPAC for Cu(ll) adsorption by varying initial metal ion concentration.
q, is the amount of Cu(II) ions adsorbed (mg/g), q_ is the maximum
adsorption capacity of Cu(Il) ions (mg/g), and K, is the Langmuir
q. :M (5)  adsorption equilibrium constant (L/mg) related to the affinity of the
1+K,C, binding sites. The linear plot for Langmuir model is shown in Figure 10.

The Freundlich isotherm equation is described by the following
equation:
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Figure 7: Linear plot of pseudo first order model for Cu(ll) adsorption on SPAC adsorbent by varying initial metal ion concentration.
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Figure 8: Linear plot of pseudo second order model for Cu(ll) adsorption on SPAC adsorbent by varying initial metal ion concentration.

q.=K,C" (6)

where K, and n are the Freundlich adsorption isotherm constants,
which are indicators of adsorption capacity and adsorption
intensity, respectively. The linear plot for Freundlich model is
given in Figure 11.

The corresponding values of Langmuir and Freundlich isotherms
for Cu(II) ions adsorption on SPAC were shown in Table 3. The results
indicate that the Langmuir isotherm fits better than the Freundlich

isotherm, which may be due to the homogeneous distribution of
active sites onto SPAC. The maximum adsorption capacity obtained
from the Langmuir isotherm is 687.67 mg/g. The results show that
activated carbon salacca peel should be a promising adsorbent for
removal of Cu(II) ion in aqueous solution. Table 4 present the result
comparison, related to the adsorption of Cu(II) from the aqueous
solution, between this work and those found in the literature. It can
be seen that the adsorption capacity obtained in this work is relatively
higher than those achieved in the previous references.
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Table 2: Adsorption kinetic parameters.
c/ Pseudo First Order Model Pseudo Second Order Model
0
ppm k, qe R? k, qe R?
(minute') (mg Cu?/g SPAC) (g/mg min~") (mg Cu?/g SPAC)
100 0.0259 253.14 0.8104 0.00024 499.41 0.9331
150 0.0594 381.62 0.8530 0.00032 616.87 0.9986
200 0.0417 266.91 0.8376 0.00043 673.45 0.9992
250 0.0285 259.16 0.8573 0.00032 684.51 0.9982
300 0.0280 462.45 0.9650 0.00009 663.04 0.9878
Table 3: Isothermal Adsorption Parameter Models.
Langmuir model Freundlich model
K, (L/m R? n R?
a, (mgig)  (Lmg) K, (mglg)
687.7 0.0473 0.9632 0.2084 4.798 0.6536
Table 4: Comparison of adsorption capacity of SPAC with other biomass based activated carbons for Cu(ll) removal.
Raw materials for BET Surface Area | Maximum Adsorption Optimum Fitted Adsorption Reference
Activated Carbons (m?g) Capacity (mg/g) pH Isotherm Model
Green Vegetable - 75 20-45 Langmuir [21]
Banana Peel 63.5 14.3 6.5 Langmur [35]
Grape Bagasse 1455 43.47 5 Langmuir [12]
Pomegranate Wood - 1.683 6 Langmuir [13]
Typha Latifolia 130.41 34.48 6 Langmuir [14]
Corn Cob 88 38.61 7 Langmuir [17]
Mangosteen Peel 1106 21.74 6.7 Langmuir [24]
Ulva Fasciata 543.45 13.77 6 Langmuir [23]
Cassava Peel 1567 55 6 Langmuir [36]
Red Algae 1014 49.5 6 Langmuir [25]
Salacca Peel (This Work) 2526 687.67 5 Langmuir -
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Conclusions

In this study, activated carbon was successfully synthesized from
salacca peel wastes by the KOH activation process. The synthesized
carbons were characterized by BET, SEM and EDX. An application
study was then conducted on the adsorption performance of salacca
peel based activated carbons for the removal of Cu(II) metal ions
from an aqueous solution. BET surface analysis showed that the
synthesized carbons is a mesoporous solid with a high surface area
of 2526 m?/g and from the SEM images, it can be seen that well-
developed poreswere found on the surface of the activated carbons.

The adsorption equilibrium data was represented well by the
Langmuir model results fit with maximum adsorption capacity
of 687.67 mg Cu(II)/g activated carbon. The large surface area and
mesoporous nature of activated carbons derived from salacca peel
contribute to the high adsorption. A kinetic study suggested that the
adsorption properties of the activated carbon followed the pseudo-
second-order kinetic model. Based on the experimental results, it can be
said that the synthesized activated carbons derived from salacca peel have
promising potential to be used as an efficient, effective, low cost and green
adsorbent for removal of Cu(II) metal ions from aqueous solutions.
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