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Abstract. Biosorption of heavy metals using marine macroalgae biomass can be an effective
process and alternative to conventional methods. Activated carbon was developed from
macroalgae (Gracilaria changii) and used as adsorbents for the removal of copper (II) from
wastewater. Gracilaria changii based activated carbon (GCBAC) was prepared using muffle
furnace at a constant temperature of 300 °C for 1 hour. Batch adsorption experiments were
conducted to investigate the effets of important parameters such as pH, contact time, initial
metal concentration and adsorbent dosage on the removal of Cu (II) from synthetic aqueous
solution. Batch adsorption study shows that removal of Cu (II) using GCBAC relied upon pH,
contact time, initial metal concentration and GCBAC dosage. The optimum conditions
parameters were found to be pH 6.0, time of 60 minutes and GCBAC dosage of 0.3 g,
respectively. Adsorption data was described better by Freundlich isotherm model with R? value
of 0.7936. The maximum Cu (II) adsorption capacity of GCBAC was found to be 0.07 mg/g.
The experimental adsorption data obtained fitted well into Pseudo-second-order kinetic model,
with R” value near unity. Thus, GCBAC can be used as an effective adsorbent for the removal
of Cu (I) from aqueous solution.

1. Introduction

Heavy metals are harmful to public health due to their toxicity, non-biodegradable nature and
widespread presence in the natural environments. Several process industries such as metal plating,
mining operations, tanneries, etc, use a lot of water in their production process, and as such generate
large volume of wastewater at the end. The wastewater generated contains different contaminants that
are harmful to the environment if discharged without proper treatment. One of the major contaminant
of concern is the heavy metals. This is due to their toxicity, and their existence poses environmental-
disposal problem [1, 2]. The numerous metals that are significantly toxic to human, plants and the
ecological environments includes, copper, chromium, lead, mercury, manganese, cadmium, etc [3].
Copper becomes toxic at elevated level even though it is a required element; as such the level of
copper in the natural environment and its availability for biological function is very essential. Since Cu
(IT) is widely used in production processes, potential or actual sources of Cu (II) pollution are many.
Cu (II) can be present as contaminant in food, mainly in mushroom, liver, shellfish, chocolate and nuts
[3]. Several conventional methods such as neutralization, chemical precipitation, ion exchange and
electrochemical treatment were used to remove heavy metals in wastewater. Most of these methods are
more suitable for high concentration of heavy metals. The techniques failed in certain cases, they are
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not cost-effective, generate excess sludge that requires special disposal system and not
environmentally friendly [4]. Further, these techniques are not suitable for the removal of heavy
metals especially at lower concentrations in the range of 1-100 mg/L [5]. Adsorption technique is
found to be the most effective and efficient method for the removal of heavy metals from aqueous
solution [4]. Commercial activated carbon (AC) is the most widely used adsorbent in the adsorption
process. However, it is found to be expensive and thus has restricted its widespread usage. In recent
time, many researchers have reported the use of industrial by-products as adsorbent to replace the
commercial AC. Industrial by-products used for the production of AC include; lignite, agronite shells,
rice husk, natural zeolites, kaolinite, lignin, peat, clay, bagasse, etc [6, 7]. Macroalgae or generally
known as seaweed, are natural sources that have the potential to be used as bio-adsorbent for heavy
metals removal. It is economically feasible to culture seaweed in large scale [8, 9]. It has been used
widely in developing industrial product such as chemicals, soil conditioner, food and pharmaceutical
products [10, 11]. It has been reported that China alone commercially produces about 4.2 x 106 tons of
Laminaria sp.. Macroalgae and considered as the largest producer [12]. Recently, global cultivation
and production of macroalgae increases from 95% to 99.6% in year 2012. This is because most of the
Asian countries have joined the league of macroalgae production and includes Indonesia (20.6%, 3.9
million tons), Philippines (9.5 %, 1.8 million tons) North Korea (4.7%, 901 700 tons), South Korea
(2.3%, 444 300 tons), Japan (2.3%, 432 800 tons) and Malaysia (1.1%, 207 900 tons) [13]. Seaweed
consists of three distinct groups; brown, red and green seaweed. This study was carried out to
investigate the potential of red seaweed (Gracilaria changii) for the adsorption of Cu (II) from aqueous
solution through batch adsorption experiment. Parameters such as pH, initial concentration of Cu (II)
ions, contact time, and adsorbent dosage were tested in this study. Langmuir and Freundlich isotherm
models were used to fit experimental data. Pseudo-first-order and pseudo-second-order kinetic models
were used to evaluate the controlling mechanism of the biosorption process.

2. Material and methods

2.1  Preparations of algal biomass-based activated carbon

The macroalgae sample used was Gracilaria changii and was collected from Fishery Department
Langkawi, Malaysia. The material was washed with excess tap water followed by distilled water to get
rid of salt and particulate materials. It was then dried in an oven at 70 °C for 24 hours. The dried
material was grind and sieved to size 300 um. The material was then treated chemically using 0.2 M
HCI before physical activation at a temperature of 300 °C for 1 hour. The physical activation was
carried out using a muffle furnace (Protherm PLF 110/45). The produced Gracilaria changii based-
activated carbon (GCBAC) was then cooled and stored in a tight before use.

2.2 Preparation of synthetic solution

A stock solution was prepared by dissolving calculated weigh of Cu (II) chloride salt in 1 L of distilled
water to give a concentration of 1000 mg/L. To obtain further required concentrations, the stock
solution was diluted appropriately. The chemical employed are of analytical grade, obtained from
Merck (Germany).

2.3 Batch adsorption experiments

Batch adsorption experiments were conducted using 0.1 g of GCBAC in 100 mL of Cu (II) solution
with predetermined concentrations using 250 mL conical flasks. The flasks were clamped in an orbital
shaker (Protech Model 722) and shaken at 150 rpm at room temperature. At the end of predetermined
time, the mixture was filtered using Whatman’s glass microfiber filter paper. The filtered solution was
analysed for residual Cu (II) concentration using Atomic Absorption Spectrometer, AAS (Model AA
6800 Shimadzu). Effect of pH on the adsorption of Cu (II) using GCBAC adsorbent was investigated
by varying the initial pH of the solution in the range of pH 1.0 to pH 8.0. The working solutions were
adjusted using either 1M HCl or 1M NaOH. 0.1 g of GCBAC was placed into the flasks containing
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100 mL of Cu (II) solution and was agitated on a shaker at 150 rpm for 2 hours at room temperature
(25%1 °C). The concentration of Cu (II) in the solution was fixed to be 25 mg/L. A pH meter (Model
EW 53013) was used to measure the pH of the solution. Batch adsorption experiment was also
conducted to investigate the effect of initial metal concentrations and contact time. 100 mL of
synthetic Cu (II) solution having initial concentrations of 5, 10, 15 and 20 mg/L and 0.1 g of CGBAC
was placed in a series of 250 mL Erlenmeyer flasks and agitated at 150 rpm. Flasks were withdrawn
from the shaker at the end of predetermined time interval of 10, 20, 30, 60, 90, 120 minutes, and the
solution was analysed for the residual Cu (II) concentration. The effect of CGBAC dosage on the
removal of Cu (II) from aqueous solution was investigated by varying the dosages from 0.1, 0.2, 0.3,
0.4, 0.5 and 0.6 g. The pH of the solution was adjusted to the optimum value obtained. The optimum
contact time was also adopted. Other parameters such as agitating speed and initial metal
concentration were fixed at 150 rpm and 20 mg/L, respectively. Metal removal efficiency and
adsorption capacity was calculated were evaluated using Eq. 1 and Eq. 2, respectively.

Cc.-C
R = M x100% (1
Ci
where, R is the Cu (II) removal efficiency (%), Ci is the initial copper concentration and Ce is the
residual copper (mg/L) concentrations at equilibrium.

c.-C )V
o -C=CV We) @)

where, Q. is the adsorbent adsorption capacity (mg/g), Ci is the initial copper concentration and Ce is
the residual concentration copper (mg/L) at equilibrium, V is volume of aqueous copper solution (L)
and W mass of CGBAC (g).

3. Results and discussions

3.1 Effect of pH
This study was carried out to investigate the effect of initial pH of the solution on the removal of Cu

(IT) using CGBAC. The pH of the solution was varied from pH 1.0 to pH 8.0. Fig. 1 shows the plot of
Cu (II) removal efficiency against initial pH of the solution. From the graph, it can be observed that
Cu (II) removal efficiency is less at low initial pH and then increased continuously as the pH is
increased until it reaches an optimum pH of 6.0 and then decline. At low initial pH (pH 2.0 - pH 4.0)
there was competition between the Cu (II) ions and hydrogen ions in the solution for an active site on
the GCBAC surface. However, as the pH of the solution was increased, the surface of GCBAC
becomes less positively charged and the electrostatic attraction between the Cu (II) ions and the
GCBAC surface is likely to increases, as such the Cu (II) ions adsorption increased. The decrease in
the adsorption of Cu (II) at high initial pH level due to the formation soluble hydroxyl complexes [7].
GCBAC works best at pH value of 6.0 with corresponding Cu (II) removal efficiency of 24.22 %. pH
value of 6.0 is selected as the optimum pH and used in the study of the effect of initial metal
concentration and contact time (section 3.2).
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Figure 1. Effect of pH on Cu (II) adsorption (initial Cu (II) concentration 25 mg/L, contact time 2
hours, GCBAC dosage 0.1 g, agitation speed 150 rpm and temperature 25+1 °C).

3.2 Effect of contact time and initial metal concentrations

This study was carried out to investigate the effect of initial metal concentrations and contact time on
the removal of Cu (II) using GCBAC. Fig. 2 shows the effect of initial metal concentrations and
contact time on adsorption of Cu (II) by GCBAC. It has been observed that there was rapid adsorption
of Cu (II) increases during the first 30 minutes of contact time. However, as the contact time increases,
the adsorption rate decreases gradually and then become steady until equilibrium removal was
achieved. There were more available active sites on the surface of GCBAC at the initial time.
However, as the contact time increases the available pores on adsorbents are fully occupied by metals
ion and the removal decreases until equilibrium. At this stage, the adsorption is controlled by the rate
of transport of the metal ions from the outer to the inner site of the adsorbent material [14].
Equilibrium removal was attained at contact time of 60 minutes. Further significant removal was not
observed afterwards. Contact time of 60 minutes was considered to be optimum and used in the study
of the effect of GCBAC dosage on Cu (II) removal (section 3.3). The available binding site, thus
resulting high removal efficiency whereas, at higher concentration, adsorption is low due to the
saturation of binding site of the adsorbent.
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Figure 2. Effect of contact time on Cu (II) adsorption (contact time 2 hours, GCBAC dosage 0.3 g,

pH 6.0, agitation speed 150 rpm and temperature 25+1 °C.

It was also observed that Cu (II) removal efficiency decreases with the increase in initial Cu (II)
concentration (Fig. 3). This is because, at low initial metal concentration, there were few Cu (II) ions
in the solution compared to the available number of active sites on the GCBAC surface; as such the Cu
(IT) ions can easily be adsorbed. On the other hand, at high initial metal concentrations, there were
more Cu (II) ions than the available active sites on the CGBAC surface. Thus, the initial Cu (II)
concentration was at 5 mg/L with removal efficiency of 47.0%.

Removal efficiency (%)

50

‘ Removal efficiency l

40 -
30_ \
20 -

10 4

T T T T T T T
0 5 10 15 20

Initial Cu (Il) concentration (mg/L)

Figure 3. Effect of initial metal concentration on Cu (II) adsorption (contact time 2 hours, GCBAC

dosage of 0.3 g, pH 6.0, agitation speed 150 rpm and temperature 25+1 °C).
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3.3 Effect of adsorbent dosages

This study was carried out to investigate the effect of adsorbent dosage on the removal of Cu (II) by
CGBAC adsorbent. Fig. 4 shows Cu (II) removal efficiency unit weight of GCBAC. From Fig. 4, it is
observed that the removal efficiency of Cu (II) increase with the increasing of adsorbent dosage. This
is due to more active sites of CGBAC becomes available with every increment of dosage, thus making
the Cu (II) ions penetrate easily into the sorption sites. No significant removal was observed when the
GCBAC dosage was increased to 0.3 g. At this point, it is expected that the concentration of Cu (II)
ions in the solution and the concentration of the adsorbed ions on the CGBAC surface are in
equilibrium with each other.
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Figure 4. Effect of adsorbent dosage on Cu (II) adsorption (contact time 1 hour, pH 6.0, initial
concentration 20 mg/L, agitation speed 150 rpm and temperature 25+1 °C).

3.4 Effect of adsorbent dosages

Langmuir and Freundlich isotherm models were used to interpret the relationship between the GCBAC
adsorbent and the Cu (II) ions adsorbed on the adsorbent surface. The models will indicate the metal
uptake capacity and the information regarding the differences in metal uptake by various species [18].
According to Wang and Chen [5], Langmuir and Freundlich are represented as in Eq.3 and Eq. 4
below:

e R

where C, is equilibrium solute concentration in solution (mg/l), ¢, is the amount of metal adsorbed, K;
is the equilibrium Langmuir constant and b is the bonding energy of adsorption required for
monolayer formation. Plot of C, /g, against C, will give a straight line with 1/b as slope and 1/K; as
intercept.

logg, =logK, +llogCe 4)
n

where log ¢, is the amount of adsorbate adsorbed per unit mass of adsorbent (mg/g), Kr is the
biosorption equilibrium constant representing the sorption capacity and n is a constant indicative of
biosorption intensity. The plot of log ¢, against log C, will yield a straight line with 1/n as the slope
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and log Ky as the intercept. Table 1 shows the coefficient values obtained for Langmuir and
Freundlich isotherm models obtained from this study and comparison with other plant-based
adsorbents.

Table 1 Freundlich and Langmuir isotherm parameters constant.

Adsorbent Langmuir Freundlich
Qmax b R2 RL KF R2
(mg/g)
GCBAC 0.07 0.05 0.5691 0.51 3.38x10°7  0.8742

From Table 1, it can be seen that Freundlich isotherm model indicates high coefficient of
determination R’ of 0.08742 compared with Langmuir model with low R’ of 0.5691.This shows that
adsorption of Cu (II) using GCBAC follows Freundlich isotherm model. Freundlich isotherm indicates
the surface heterogeneity of the adsorbent, thus the surface of Gracilaria changii is made up of small
heterogeneous adsorption patches which are similar to each other with respect to adsorption
phenomenon [9, 12]. This indicates that the adsorption occurred at the heterogeneous and multilayer
surface of the GCBAC adsorbent, with maximum mesopores surface area of 0.8950 m?g. The
Langmuir equilibrium parameter RL for GCBAC was found to be 0.51. This is within the range for
favorable adsorption (0 <RL < 1) [14].

3.5 Adsorption kinetics studies

Kinetic study is the function of solute uptake rate has been evaluated for this study. The experimental
results obtained were used to evaluate the kinetics of Cu (II) ions adsorption. Pseudo-first-order and
pseudo-second-order kinetics models were used to study the rate of kinetics on CGBAC adsorbent. Eq.
(5) and Eq. (6) were used to calculate the rate constants for pseudo-first and second-order kinetic
models.

Pseudo-first-order:  log(g, —¢)=1log(g, ) (k% 3 03)1 )

where ¢, is the adsorbed metal at equilibrium in (mg/g), ¢, is the metal adsorbed at a given time (t) and
k1 is the pseudo-first-order rate constant (1/min). k; and qe are determined from the slope and
intercept of the plot of log (g. -¢, ) against time ().

Pseudo-second-order: L ( ! 5 ] + (ijt (6)
q, \kq, q.

where, ¢, and ¢, are the amounts of metal ions adsorbed at time 7 (h) in (mg/g) and at equilibrium,
respectively. k; is the pseudo-second-order adsorption rate constant. Plot of #/g, against t will give a
straight line with k, and ¢, are determined from the slope and intercept of the plot. Figures 5 and 6,
show the plots of pseudo-first and second-order kinetics. The values of k;, k>, g..q, and q. .. Were
obtained from the slopes and intercepts of the plots and are presented in Table 2.
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Figure 5. Pseudo-first-order kinetic plot
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Figure 6. Pseudo-second-order kinetic plot

Table 2 Parameters values of pseudo-first-order and second-order models.

Initial metals ions Pseudo first-order model Pseudo second-order model
Adsorbent concentration e, exp Jes cal k; R? Jes cal k, R?
(mg/L) (mg/g) | (mgL)  (h-1) (mg/g) | (g/mgh)
5 3.1521 247742 = 0.0836 0.2709 3.1776 0.3147 0.9997
10 4.7036 2.2065 0.0207 0.3598 4.7169 0.212 0.9998
GCBAC = Cu(Il) 15 5.6658 1.0723 = 0.0246 = 0.6198 = 5.7078 0.1752 0.9998
20 6.0094 1.0271 0.0491 0.6066 6.0643 0.1649 1.0000

As can be seen from Table 2, pseudo-second-order kinetic model presented high values of
coefficient of determination (R?). All the values were close to unity. There was a significant deviation
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between the experimental g, ., values and the pseudo-first-order calculated g, .. values for GCBAC
adsorbent. This indicates a poor fit of the pseudo-first-order model to the experimental data. On the
other hand, the calculated g, ., values obtained from pseudo-second-order model agreed effectively
with the experimental ¢, .., values. Therefore, it can be concluded that the adsorption of copper ions
onto GCBAC is a pseudo-second-order reaction model. This suggests that the rate limiting step is a
chemisorption or chemical adsorption that involves valence forces by means of electrons exchange
between the adsorbent (GCBAC) and the adsorbate (copper ions). A similar phenomenon was also
reported on the adsorption of copper onto cashew nut shell [15], papaya wood [16] and modified oak
sawdust [17].

4. Conclusions

The result obtained from this study indicated the potential use of Gracilaria changii based activated
carbon (GCBAC) for the adsorption of Cu (II) ions from synthetically prepared wastewater. The
experimental data well correlated with Freundlich isotherm and pseudo second-order kinetic model.
pH, initial concentration of Cu(Il) ions, contact time, and adsorbent dosage have significant effect on
the Cu(Il) adsorption by GCBAC. Thus, this study has proven that the use of macroalgae based
activated carbon is effective for copper removal. Also, it is abundantly available and therefore would
be cheaper and economically feasible activated carbon compared to the commercially available ones.
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