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Razor Clam (Ensis directus) Shell as a Low-Cost
Adsorbent for Anionic and Cationic Dyes in Aqueous
Solutions

Lila Elamari Mohamed Areibat, Azlan Kamari, and Shahrulnizahana Mohammad Din

Abstract—The ultimate objective of this study was to
investigate the potential application of razor clam (Ensis
directus) shell (RCS) for the removal of synthetic dyes from
aqueous solutions. Adsorption of anionic dye (congo red, CR)
and cationic dye (methylene blue, MB) was studied under
different experimental conditions such as initial pH solution,
adsorbent dosage and initial dyes concentration. High affinity
of CR towards RCS was obtained at an acidic medium (pH 2.0),
while alkaline medium (pH 8.0) was favourable for MB
adsorption. The removal for both dyes exhibited a reverse trend
with increasing the initial dyes concentration. Adsorption
equilibrium data were fitted to Freundlich and Langmuir
isotherm models. A better correlation (R? > 0.95) was obtained
with Freundlich isotherm model. The adsorption capacity (Kg)
of RCS for CR and MB was estimated as 6.52 and 0.66 mg/g,
respectively. The regeneration of RCS was evaluated in a
desorption study, of which hydrochloric acid (HCI) and acetic
acid (CH3;COOH) was used as desorption agents. HCI (0.5
mol/L) was the best desorption agent, due to its ability to desorb
81% of CR and 67% of MB. The feasibility of RCS was
compared with olive tree derived activated carbon, a
commercial adsorbent for water treatment in Libya. Based on
results obtained from competitive and comparative studies, it
can be concluded that RCS, a fishery waste-based material, is a
promising low-cost adsorbent for the remediation of water
contaminated with toxic dyes.

Index Terms—Synthetic dyes, razor clam shell, adsorbent,
isotherm models, wastewater.

I. INTRODUCTION

Synthetic dyes are extensively used to impart colour to the
substrates in various branches of textile industries, pulp and
paper industries, leather tanning industries, food industries
and etc. [1]. The textile industry by far used the most amounts
of synthetic dyes for colouring fibres. It was estimated that
about 88.5 million tonnes of textiles production use various
types of synthetic dyes annually [2]. Dyes are present in
industrial wastewater because some of them do not bind to
the substrate (fibre) during the dyeing process. The loss of
dyes in effluents can vary from 2% to 50%, subject to the
class of dye used. The loss of reactive dyes is higher than any
other classes. The high degree of loss of reactive dyes could
be the result of the hydrolysed form of reactive dyes, which
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have no ability to bind with fibres [3].

The colour effluents discharge into water bodies is of great
public concern mainly due to the potential threat to human
health, especially the entry of noxious constituents into the
food chains of organisms [4]. Their intake, although at trace
amounts, could lead to health problems to mankind as well as
animals [5]. CR and MB are widely used in textile, silk, hair
colourant, paper, wood, wools and other industries [1], [6].
CR may cause allergic reaction, blood clotting, induce
somnolence and respiratory problems. Meanwhile, MB may
cause dyspnea, increase heart rate, nausea, eye burn and
irritation to the skin [1], [7].

Dye effluent can be characterised based on its complex
organic content, high salt content, and stability to withstand
degradation by light, chemical, biological and other factors.
This makes them difficult to degrade [5], [8]. Therefore, it is
necessary to reduce the negative impact of this effluent on
human health and the environment, which can be achieved by
finding a suitable technology to treat wastewater before its
discharge. Hitherto, numerous of physical, chemical and
biological methods to sequester toxic dyes from aqueous
solutions have been investigated. The best technique for
treatment depends on type of dyes to be removed, their
composition and concentrations [8].

Adsorption has been recognised as one of the most
promising and successful strategies to remove dyes from
industrial effluents [6]. It has been considered as an
economical process, highly efficient, simple system which
does not require additional reagents. Moreover, it requires
minimal use of chemicals and does not generate toxic sludge
[6], [9]- The agricultural by-products have received great
attention from environmental scientists to use them as
adsorbents, which due to their high carbonaceous contents
(lignin, cellulose, and hemicelluloses), functional groups,
and their physicochemical characteristics [10]. Bengal gram
seed husk [11], mango leaf [12], spruce sawdust [13], durian
seed [14] and sugarcane bagasse [15] have been employed as
clean-up materials for treating industrial wastewater. Using
untreated agricultural wastes could result in low adsorption
capacity and discharge of soluble organic compounds
contained in the plant materials [16].

One of the alternative materials for removing dyes from
aqueous solution is razor clam (Ensis directus) shell, which
has unique features that enable it to be used as an adsorbent.
It has low economic value since it is a fishery waste,
abundant in the nature, no odour or hazardous waste is
produced during the treatment process. Furthermore, it is
primarily composed of calcium carbonate, which can be
beneficial for adsorption mechanism [17]. The overall goal of
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this study was to assess the potential of RCS as an adsorbent
for the removal of CR and MB from aqueous solutions. The
effectiveness of RCS was affected by three experimental
factors, namely solution pH, adsorbent dosage and initial dye
concentration. The equilibrium adsorption data were
described by Freundlich and Langmuir isotherm models.
SEM and FTIR analyses were carried out to elucidate the
adsorption behaviour. The applicability of RCS was further
evaluated in terms of desorption, comparative and
competitive studies.

Il. PROCEDURE

A. Preparation of Adsorbent

Razor clam shells were collected from a seafood restaurant
in Tanjong Malim, Perak. The shells were washed several
times with tap water and rinsed by deionised water to remove
dust and unwanted particles. The oven dry method was used
for drying the shells at temperature 70 <C for 24 hours. The
dried materials were crushed using a laboratory mill and then
sieved through an American Society for Testing Materials
(ASTM) standard sieve to obtain a particle size of 150-250
pm. The RCS powder was then stored in airtight container for
protection from moisture.

B. Preparation of Adsorbate

All chemicals used in this study were of analytical grade
and used as received. To prepare 100 mg/L dye stock solution,
specific amount (100 mg) of CR (Bendosen Laboratory
Chemistry) and MB (Merck KGaA) were dissolved
individually in deionised water. Dye solutions of required
concentrations were prepared from the stock solution through
serial dilution. All dye solutions were prepared in volumetric
flasks and were stored in the dark to prevent light degradation.
The chemical structure of CR and MB dyes are given in Fig.
1.
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Fig. 1. Chemical structure of CR (a) and MB (b).

C. Characterisation Study

Several physicochemical properties of RCS were
characterised in this study using:

1) Micromeritics surface analyser
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Textural characterisation of RCS in terms of specific
surface area and the average pore diameter were determined
by nitrogen adsorption-desorption isotherms using a
Quantachrom Autosorb | Micromeritics Surface Analyser.
The surface area was computed according to
Brunauer-Emmett-Teller (BET) method [18], while the
Barrett-Joyner-Halenda (BJH) model was applied for
determining the pore volume and pore diameter [19].

2) Scanning electron microscope (SEM)

The surface morphology of RCS before and after dye
uptake was characterised by using a Hitachi SU 8020 UHR
Field Emission Scanning Electron Microscope. To avoid
electron charging effect, RCS was coated with a thin layer of
platinum prior to analysis. The SEM analysis was conducted
at an electron acceleration voltage of 5.0 kV to obtain a
suitable image resolution.

3) Fourier transform infrared (FTIR) spectrometer

The FTIR spectra of RCS before and after adsorption
performance were obtained by using a Thermo Nicolet 6700
FTIR Spectrometer. The spectra were recorded in the range
of wavenumbers between 4000 and 400 cm™ with 32
cumulative scans at 4 cm™ resolution. The functional group
of RCS and possible binding mechanism(s) between the
active sites of RCS and dye molecules were studied by FTIR
analysis.

D. Adsorption Study

The adsorption experiments were performed by shaking
0.5 g of RCS powder in a conical flask contained 50 mL of 5
mg/L of dye solution using a Protech Orbital Shaker (model
720), with operating speed of 100 rpm for 1 hour. Following
agitation, the solutions were filtered through a filter paper
(Filter Fioroni 601). Finally, the residual concentrations of
the unadsorbed dyes in the supernatant were measured using
UV-Visible Spectrophotometry technique. The equilibrium
concentrations of dye were analysed at the maximum
wavelength (Amax). The maximum wavelength for CR was
499 nm, while for MB was 665 nm. The SEM and FTIR
technigques were used to characterise the dried filtrates (RCS
after adsorption).

The influence of several experimental parameters on dye
adsorption by RCS was evaluated. Firstly, the effect of initial
solution pH was studied in the range of pH 2.0-8.0. The
initial pH value was adjusted using either 0.1 mol/L HCI or
0.1 mol/L NaOH. The measurement of pH was done by using
a Thermo Scientific Orion 2-Star pH meter. Meanwhile, the
effect of adsorbent dosage was studied using four dosages of
RCS, namely 0.025, 0.050, 0.100 and 0.200 g. Finally, the
effect of initial dye concentration was carried out within
concentration range of 2.5-100 mg/L. The adsorption
capacity of RCS at equilibrium was estimated by using

equation (1):
=y &

where ¢ is the amount of dye adsorbed by RCS (mg/g). C,
and C. are the initial and equilibrium concentrations of dye
solution (mg/L), respectively. W is the weight of RCS (g),
and V is the volume of dye solution (L).
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The percentage of dye removed from the aqueous
solutions was computed using equation (2):

L

E. Desorption Study

The desorption experiments in the present study used HCI
and CH3;COOH as desorption agents. The adsorption process
was conducted using 5 mg/L of dye, optimum pH and 0.500 g
of RCS. After completing the adsorption experiment, the dye
loaded onto RCS was eluted with 50 mL of varying
concentrations (5102, 1107, 5x10* M) of HCI and
CH3;COOH. The mixture was stirred at an agitation rate of
100 rpm for 1 hour. After filtration, the amount of desorbed
dye was analysed by using an Agilent Cary 60 UV-Visible
Spectrophometer. The percentage of desorption was
calculated using equation (3):

CO -Ce

JXlOO @)
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M
Desorption (%) = M—' 2100 3)
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where M, and M, are the weights of desorbed and adsorbed
dyes (mg), respectively.

F. Competitive and Comparative Adsorption Studies

The competitive and comparative studies were taken under
the following conditions: 0.500 g of the adsorbents and the
initial dye concentration of 20 and 100 mg/L. The
commercial activated carbon (CAC) used in the comparative
adsorption study is derived from the stem of olive tree and is
produced in Libya. This part of experiment was run without
pH adjustment.

I1l. RESULT AND DISCUSSION

A. Characterisation Study

1) Surface area and pore characteristics

The BET surface area, pore diameter and the total pore
volume of RCS were determined as 2.74 m%g, 1.83 A and
0.2235 cm?/g, respectively. According to the classification
that adopted by the International Union of Pure and Applied
Chemistry (IUPAC) for the pore diameter, the RCS
adsorbent exhibited the microporous structure (d < 20 A)
[20]. It is interesting to highlight that the BET surface area of
RCS is slightly higher than several adsorbent materials. For
example, the BET surface area of raw pine cone and
acid-treated pine cone was reported as 0.099 m%/g and 0.122
m?/g [21], respectively.

2) SEM analysis

Fig. 2 presents the surface morphology of RCS before and
after dyes uptake. As depicted in Fig. 2(a), RCS appears to
have a flat, dense and smooth surface texture. In contrast, the
surface of RCS was entirely covered with solid particles
following interaction with CR and MB (Figs. 2(b) and 2(c)).
Additionally, the surface texture of RCS became rougher
after the interaction. Results from SEM analysis indicate the
applicability of RCS for CR and MB adsorption.
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Fig. 2. SEM images of RCS before (a) and after interaction with CR (b) and
MB (c) at 10,000x magnification.

3) FTIR analysis

The FTIR spectrum of RCS is presented in Fig. 3(a). It is
apparent that several discernible absorption bands were
appeared between wavenumber 1500 and 400 cm™. Based on
Fig. 3(a), the prominent absorption peaks at 1786, 1463, 855
and 712 cm™ represent the characteristics of the carbonate
(COz%) group. Similar vibrational bands were observed by
Bazbas & Boz [22] when they conducted the FTIR analysis
for Anadara inaequivalvis (cockle) shells. As shown in Figs.
3(b) and 3(c), the FTIR spectra of RCS after dyes uptake
revealed a similarity in the change of wavenumbers. This
suggests a similar mechanism might involve for dyes uptake
by RCS. For example, the absorption bands shifted from
1463 cm™ to 1456 and 1453 cm™. In addition, the peak at
wavenumber 1786 cm™ was found to shift to 1787 and 1785
cm* following CR and MB adsorption. RCS loaded CR and
MB has caused the shift in wavenumber from 855 cm™ to 854
cm™. At the same time, some of peak intensities became
lower after adsorption of dyes.

Presumably, the shift in wavenumbers of functional
groups and the change in the absorption intensities could be
ascribed to the involvement of functional groups available on
the surface of RCS in the adsorption process. Overall, it can
be concluded that carbonate groups might be the main
adsorption sites that responsible for binding dyes to RCS
surface. Kamari, Putra, Abd Wahid and Yusoff [23] also
claimed that carbonate groups are accountable in the
adsorption process.

fa)

r T T T T 1
S0 3800 S000 2500 2000 1500 1000 +0tk

Wavenumbers (cm-')

Fig. 3. FTIR spectra of RCS (a), RCS-CR (b) and RCS-MB.
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B. Adsorption Study

1) Effect of initial pH of the solution

Adsorption of dye is entirely pH dependent. This scenario
can be ascribed to its influence on surface charge by
protonation and deprotonation of the adsorbent materials and
the nature of the dye structure as well [24]. The highest
affinity of CR towards the adsorbent was observed at very
acidic medium of which the maximum adsorption removal of
100% occurred at pH 2.0 (Fig. 4). At this pH, there is an
overpopulation of H" ions and the surface of adsorbent gain a
positive charge by absorbing the H* ions [11]. Consequently,
the protonation of active sites favoured the adsorption of
anionic dye due to a higher electrostatic interaction between
protonated functional groups in the adsorbent and the
sulphonate (SO3-) groups in the anionic dyes [6]. On other
hand, the increase in the pH of the solution produces
considerable electrostatic repulsion between the negatively
charged carbonate groups and the deprotonated groups of
anionic dyes due to the presence of the hydroxyl groups (OH-)
[25]. This results in retardation of diffusion and diminished
adsorption removal of CR to 74.06% at pH 8.0. Thereby, pH
2.0 was chosen as the optimum pH for the subsequent stages,
which is supported with other previous works [26].

In regards MB, the adsorption removal was observed to
ascend from 25.99% to 88.70% as pH increases (Fig. 4).
Under alkaline condition (pH 8.0), MB dye carries a positive
charge (-S*) that is strongly attracted to the negative
adsorption sites of the adsorbent due to the deprotonation of
the adsorbent [27]. As the available active sites are
deprotonated, the electrostatic attraction increases and the
uptake of MB dye is maximised [28]. On the contrary, the
competition between excess H* ions and cationic MB dye
molecule for binding sites in acidic medium results in
reduced dye adsorption [29]. The optimal pH for MB dye
adsorption by RCS was 8.0. This finding is similar to that
made by other researchers [30].

2) Effect of adsorbent dosage

The dose of adsorbent is another parameter which has a
strong influence on dye adsorption. From environmental
engineering viewpoint, this experimental parameter is crucial,
especially in determining the cost of treatment when using a
particular adsorbent per unit of dye solution [31].
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Fig. 4. Effect of initial solution pH on adsorption removal of dyes onto RCS;
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Fig. 5 shows the effect of dose of adsorbent on dye

adsorption. An increase in the adsorbent dosage from 0.025 g
to 0.200 g has reduced adsorption capacity of both dyes. For
example, the adsorption capacity of CR and MB decrease
from 9.55 and 8.42 mg/g to 1.25 and 1.08 mg/g, respectively.
This phenomenon could be related to the aggregation and
agglomeration of adsorbent particles, particularly at higher
adsorbent concentrations which reduces the intercellular
distance and block some of the active sites for adsorption
[20].
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Fig. 5. Effect of dose of adsorbent on the adsorption capacity and adsorption
removal of CR (a) and MB (b) onto RCS; C; =5 mg/L, optimum pH, T =
25 .

In comparison, the adsorption removal was positively
related to adsorbent dosage, as can be seen in Fig. 5. The
adsorption removal of CR and MB increased from 95.5 to
100% and from 83.0 to 88.9% as the dose of RSC was
increased from 0.025 to 0.200 g. This could be due to the
presence of a large amount of adsorbent which provides a
high surface area and more binding sites for dye adsorption
[32]. Similar trends were observed previously when using
other types of adsorbents [12], [33].

3) Effect of initial dye concentration

The effect of the initial dye concentration is dependent on
the immediate relationship between the available active sites
on the adsorbent surface and the concentration of the dyes
[34]. As demonstrated in Fig. 6, the adsorption capacity has a
positive correlation with initial concentration for both dyes
studied. For the initial dyes concentration of 2.5 mg/L, the
adsorption capacities for CR and MB were 0.25 and 0.23
mg/g, respectively. When the initial concentration of CR and
MB was increased to 100 mg/L, their adsorption capacities
increase drastically to 9.89 and 8.35 mg/g. The improvement
in adsorption capacity at high dye concentrations is probably
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the result of high probability of collision between dye
molecules and adsorbent surface. Hence, the rate of diffusion
of dye molecules into the adsorbents is expected to increase
[35].

—e—CR (q, mg/g) —®— CR (removal, %) _

12 00
g ~_
£10 @ T 99.58
= =
Z 81 L 99 2
S 5
S 6 1 - 98.5=
=
S S
=1 4 7 - 98 =
= o
2 21 - 97.58
< <

0 T T 97

0 50 100 150
Initial concentration (mg/L)
—8—MB (q, mg/g)

10 - 92
3 g
E 8 - ® 90 g
2 6. | . 3
£ 6 88 E
=3 =
S 4 - 86 S
S =
= o
S 2 - 84 2
g <
<0 T T 82

0 50 100 150

Initial concentration (mg/L)
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In the contrary, the adsorption removal of CR and MB
were diminished from 99.9% and 90.9% to 98.2% and 83.5%
with altering the initial concentration of dyes to 100 mg/L.
This is due to the limited adsorption site on the RCS which
becomes saturated at a certain dye concentration. At high
concentrations, there will be excess dye molecules left
un-adsorbed in the solution since all available binding sites
have been occupied, resulting in lower removal of dyes [29].
The pattern of the corresponding dye removal in terms of
adsorption capacity and removal are similar to the findings
made by Li et al. [36].

C. Adsorption Isotherms

Adsorption isotherm is regarded as a good tool for
understanding the nature of adsorbent-adsorbate interaction
[37]. In order to describe the uptake of CR and MB dyes by
RCS powder, the equilibrium data have been subjected to
two common isotherm models, namely Freundlich and
Langmuir isotherm models. In this study, adsorption
equilibrium data were computed under following conditions:
various initial dye concentration of 2.5-100 mg/L, optimum
pH and 0.5 g of RCS.

Freundlich isotherm is an empirical equation and was
developed to describe the multilayer adsorption on a
heterogeneous surface [6]. Based on Freundlich isotherm,
during adsorption process the most active sites will occupy

first. As these binding sites are occupied by dyes, the binding
strength became very weak [34]. The linearised form of the
Freundlich isotherm can be expressed as equation (4) [38]:

log g, =log K, + % logC, @)
where g, is the amount of dye adsorbed per unit weight of
adsorbent (mg/g), Kr is adsorption capacity of the adsorbent
(mg/g), and n is the Freundlich constant. The values of
Freundlich parameters, Kr and n are calculated by plotting
the graph of log C, against log gk.

Langmuir isotherm is the simplest model assuming that the
adsorption process takes place on monolayer homogeneous
surface. It served to evaluate the maximum adsorption
capacity of the adsorbent where cannot be reached in
experiments [6]. The linearised form of Langmuir isotherm
can be written as equation (5) [39]:

c cC 1
= (5)
0  Qu Qub

where Qnax IS the maximum monolayer adsorption capacity
(mg/g) and b is Langmuir constant (L/mg). The values of Qmax
and b are determined by plotting C./q. versus C..

Table | summarises the Freundlich and Langmuir
isotherm parameters. Based on high correlation coefficient
values (R® > 0.95) calculated for CR and MB, the Freundlich
isotherm model is appropriate for describing the adsorption
equilibrium of both dyes on RCS. The multilayer adsorption
was also reported by Gupta, Kushwaha and Chattopadhyaya
[37]. The CR dye has a greater probability of being adsorbed
onto RCS with an adsorption capacity of 6.52 mg/g by virtue
of the greater degree of charges on its surface. It carries two
azo, two sulphonic and two amine groups, which could
contribute to increasing the number of its charges and the
electrical attraction of the dye to the adsorbent sites [5].

Another parameter called separation factor (R.) was also
calculated for further characterise of the adsorption
behaviour. R, can be defined as equation (6):

_ 1
1+bC,

] (6)

According to Hall (1966) [40], the value of R, indicating
that the nature of adsorption of the isotherm can be
categorised into four systems: unfavourable (R, > 1),

favourable (0 < R_ < 1), linear (R.=1), and irreversible (R, =

0). The R, values obtained from Langmuir Isotherm were in
the range of 0.12-0.93, denoting that the adsorption of dyes
was a favourable and applicable process.

TABLE I: FREUNDLICH AND LANGMUIR ISOTHERM MODELS PARAMETERS
FOR ADSORPTION OF CR AND MB BY RCS

Freundlich
Dyes Kr (mg/g) n 1/n R?
CR 6.52 1.12 0.89 0.9533
MB 0.66 1.18 0.85 0.9966
Langmuir
Quax (Mg/g) b (L/mg) R?
CR 114.94 0.069 0.0075
MB 23.58 0.029 0.5996
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The behaviour of dyes adsorption by RCS was further
assessed with the value of Langmuir parameter constant (b).
As discussed by Hawari and Mulligan [41], the potential of a
good adsorbent was characterised by high values of b [41].
Furthermore, the n values ranged between 1.0 and 10,
suggesting that the beneficial adsorption of dyes onto RCS
under the studied conditions.

Although a comparison of adsorption values (mg/g)
recorded under different ranges of studied conditions might
not be pertinent, it is necessary to compare the adsorption
capacity (Kr) of RCS with other values reported previously.
The RCS capacity (Kg) for CR and MB was compared with
agricultural and industrial wastes as seen in Table Il. Based
on Table I, it can be concluded that the RCS showed
satisfactory performance for the removal of CR and MB from
aqueous solutions. Moreover, the comparisons exhibited that
the adsorption capacity for CR and MB dyes by razor clam
(Ensis directus) shells is comparable with other adsorbents.

TABLE Il: COMPARISON OF ADSORPTION CAPACITY (Kg) OF RCS WITH
WASTE-BASED MATERIALS FOR CR AND MB REMOVAL

Adsorption
Adsorbent (lii??%%) Ref.
CR MB
Razor clam (Ensis directus) shell 6.52 0.66 This
study
Bengal gram seed husk 0.57 [11]
Eichhornia crassipe roots 1.43 [31]
Peanut shell 0.11 - [42]
Potato (Solanum tuberosum) peel - 2.27 [37]
Papaya seed 1.43 - [43]
Clay - 0.51 [44]
Cashew nut shell 1.36 - [45]
Fly ash - 0.06 [46]
Orange peel 0.65 1.75 [47]
Banana peel 0.05 1.34 [47]
D. Desorption Study
Desorption was done to understand the binding

mechanism between the adsorbent and the adsorbate during
adsorption process [11]. In this study, desorption of dye from
the surface of RCS was done using HCI and CH3COOH. The
percentages of dyes desorbed by each eluent are listed in
Table III.

From Table I, higher concentrations of HCI and
CH3COOH favour CR and MB desorption. The figures in
Table 111, shows that HCI is a more efficient desorption agent
than CH3;COOH for both dyes. HCI is a strong acid and has
been used to desorb dyes from adsorbent through ion
exchange mechanism. The desorption efficiencies of CR and
MB increased from 63 % to 81 % and 41 % to 67 % when the
concentration of HCI was increased from 0.05 to 0.5 mol/L.
CH3COOH at a concentration of 0.5 mol/L produced the
highest desorption of 77% CR and 54% MB (Table III).
Acemioglu [48] reported a similar trend of results for the
removal of CR when using calcium-rich fly ash. It is
important to note that a complete desorption of both dyes
cannot be achieved even with high concentration of agents
(0.5 > mol/L). This could be due to the difficulty in releasing
the dye trapped in the intraporous which in turn makes it
difficult to release of dye from the surface of the adsorbent
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difficult [25]. In other word, desorption efficiencies of CR
and MB dyes underscores the possibility of reusing the
adsorbent.

TABLE I11: DESORPTION OF CR AND MB BY VARIOUS CONCENTRATION OF

HCL AND CH;COOH
Dye Desorbent Desorbent Adsorp. Desorp.
conc. (mol/L) (%) (%)
0.05 100 63
HCI 0.1 100 69
0.5 100 69
CR 0.05 100 19
CH3;COOH 0.1 100 54
0.5 100 77
0.05 88 41
HCI 0.1 88 62
0.5 88 67
MB 0.05 88 33
CH;COOH 0.1 88 42
0.5 88 54

E. Competitive and Comparative Adsorption Studies

The effect of competition in a mixed adsorption system is
considered as one of the crucial factors in the commercial
application of water and wastewater treatment. This is
because, in a natural setting, the presence of a mixture of
toxic pollutants is more frequent than the presence of only
one kind of pollutant [49]. Thus, a study on competitive
adsorption aims to observe the effect of one type of pollutant
on another during the treatment of real industrial wastewater
[50]. Previously, environmental researchers focused on
adsorption in single systems and very seldom investigate
mixed adsorption systems. The present study investigates the
performance of RCS and CAC for removing CR and MB
from mixed dye aqueous solutions, as can be seen in Table
\VA

From Table IV shows that the CR is the most affected dye
in the mixed dyes system where its removal in single system
was greater than in mixed system. This is probably because
the presence of another dye prevent CR from binding to the
adsorption sites of the adsorbent. Generally, with
uncontrolled pH, the negative charges of adsorbent’s active
sites (CO5*) favour the adsorption of cationic dye over
anionic dye by virtue of the electrostatic attraction between
two different charges. Moreover, the higher molecule weight
of CR dye (696.68 g/mol) and the longer-chain molecular
structure are two of the crucial factors that prevents the
adsorption of CR by RCS [51]. In contrast, MB is a cationic
dye with smaller molecular weight and size, and hence is
easily adsorbed in larger amounts.

The comparison shows that both RCS and CAC were able
to adsorb CR and MB from mixed dye solutions (Table V).
RCS exhibited a better adsorption removal than CAC at the
initial dye concentration of 20 and 100 mg/L in a mixed dye
solution. Although CAC had a higher surface area as
compared to RCS, the amount of dyes adsorbed by RCS was
slightly greater than those adsorbed by CAC. This could be
due to the operating conditions not being the most conducive
for the functioning of CAC [51]. The data suggested that
RCS could be a promising alternative for commercial
activated carbon for the removal of anionic and cationic dyes



International Journal of Environmental Science and Development, Vol. 9, No. 12, December 2018

in real industrial wastewater.

TABLE IV: REMOVAL OF CR AND MB DYES ONTO RCS AND CAC IN MIXED

DYE SYSTEM
Dye (ng:}L) Adsorption removal (%)
RCS
Single system Mixed system
CR 20 98.65 12.82
100 98.19 54.40
MB 20 85.58 98.97
100 83.52 99.20
Mixed system
RCS CAC
CR 20 12.82 4.36
100 54.40 53.49
MB 20 98.97 98.50
100 99.20 99.10

IV. CONCLUSION

The efficacy of RCS as an adsorbent for the removal of
toxic dyes from aqueous solutions was strongly influenced
by several experimental parameters such as pH of the
solution, adsorbent dosage and initial dye concentration.
According to isotherm results, the Freundlich isotherm model
is suitable for describing the adsorption equilibrium of both
dyes on RCS. CR dye has greater affinity towards RCS than
MB dye and the Langmuir maximum adsorption capacity
(Qmax) of 11494 and 23.58 mg/g for CR and MB,
respectively. Furthermore, the characterisation results proved
the excellent performance of RCS for adsorption of CR and
MB dyes from aqueous solutions. From FTIR analysis, the
key property of RCS is the presence of carbonate (COs%)
group, which is mainly responsible for the successful
remediation of dyes from aqueous solutions. The desorption
percentage of CR and MB exhibited the possibility of
regenerating the adsorbent. In light of these investigations, it
can be concluded that RCS has an excellent potential to be as
an alternative adsorbent to replace costly commercial
activated carbon for the removal of dyes from water
environment. The application of RCS as an alternative
adsorbent to sequester harmful dyes from aqueous solutions
could reduce the operational cost of water treatment
particularly in developing countries such as Libya and
Malaysia.
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