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Abstract—Scallop shell was used as a low-cost adsorbent for removal of two anionic textile dyes, Reactive Blue 19
(RB19) and Acid Cyanine 5 R (AC5R), from aqueous solutions. The adsorbent was characterized using inductively
coupled plasma optical emission spectrometry (ICP-OES), X-ray diffraction (XRD), Fourier transform infrared spec-
troscopy (FT-IR) and scanning electron microscopy (SEM). The dye removal efficiency of scallop shell was determined
as function of contact time, solution pH, initial dye concentration and adsorbent dosage. With increasing dye concen-
tration, the adsorption of both dyes decreased, while it increased with increasing adsorbent dosage. Optimum removal
of RB19 and AC5R was achieved at pH=6. Adsorption equilibrium data were well described by the Freundlich model.
The maximum dye adsorption capacity of scallop shell as estimated from the Langmuir isotherm was 12.36 and 12.47
mg/g for RB19 and ACSR, respectively. The adsorption kinetic data showed excellent correlation with the pseudo-
second-order model. It was concluded that scallop shell has a remarkable potential for the sorption of RB19 and AC5R
and can be used for treatment of the dye contaminated wastewater.
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INTRODUCTION

Textile, paper, cosmetic, leather, plastics, food, printing and phar-
maceutical industries are the greatest consumers of organic dyes
[1-3]. Large quantities of used dyes are wasted in the high volume
of liquid effluents that discharge them in both terrestrial and aquatic
ecosystems, creating serious environmental and health problems
such as toxicity, carcinogenicity and mutagenicity effects in organ-
isms [4-6]. Two classes of the most common dyes which are present
in the effluent and increase risk factors for health are azo and reactive
dyes group [7]. Cyanine 5R or Acid blue 113 as a diazo dye is widely
used in the textile industry and has been recognized as a potential
carcinogenic agent [8]. Due to its good water solubility and its strong
interaction with fabrics, Reactive Blue 19 is also extensively con-
sumed in coloring processes. However, it emits poisonous gases,
especially at high temperatures [9]. Therefore, applying an efficient
strategy to handle the colorful wastewater has always been consid-
ered. For cleanup purposes, various methods based on physical and
chemical reactions, for example reverse osmosis [10], membrane
filtration [11], chemical precipitation [12], electro-deposition [13],
electro-coagulation [14], advanced oxidation process [15-17], and
ion exchange process [18], have been developed. These approaches
have several disadvantages, including the formation of hazardous
by-products, the requirement for extensive equipment, chemicals,
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separation stage and high energy, which make them economically
unsuitable [18,19]. Additionally, biodegradation of the majority of
textile dyes, due to the stability and complexity of aromatic struc-
ture of dyes, is difficult or impossible. As a substitute, adsorption
techniques have progressed as a simple, efficient, low cost process
to eliminate dyes and organic matters from wastewater [20]. Al-
though carbon-based materials are known as efficient adsorbents,
the large-scale usage of them is restricted because of the relatively
high cost of the preparation procedure (especially activated carbon)
[3,5]. To compensate for this limitation, the effective removal of
dyes using low-cost adsorbents including sawdust [21-24], agricul-
tural residues [25], red mud [26], dolomite [27], fly ash [28], and
oyster shell [29] has been reported. The common name of scallops
refers to many species of marine bivalve mollusks that belong to
the Pectinidae family. Since they have worldwide distribution in
oceans and seas, scallop shells are produced as marine wastes. Be-
sides, they are a component of food industry and restaurants wastes
[30]. Hence, scallop shell can be economically used in adsorption
of pollutants from wastewater. Yeom and Jung reported the adsorp-
tion ability of scallop shell in removal of phosphate [31].

In the present study, we investigated the potential of scallop shell
in adsorption of two water-soluble textile anionic dyes (Reactive
Blue 19 and Acid Cyanine 5 R) from aqueous solution. The charac-
teristics of the scallop shell were analyzed by inductively coupled
plasma optical emission spectrometry (ICP-OES), X-ray diffrac-
tion (XRD), Fourier transform spectrometry (FT-TR) and scanning
electron microscopy (SEM). Also, its zero point charge (pHzpc)
was determined. The effects of contact time, pH, initial dyes con-
centration and adsorbent dosage on the removal efficiency of the
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dyes were studied. Adsorption isotherm and kinetic studies were
undertaken to comprehend the adsorption mechanism and maxi-
mum adsorption capacity of scallop shell.

MATERIALS AND METHODS

1. Materials

All chemicals used were of analytical grades and solutions were
prepared with deionized water (18 MQcm) from a hydro-service
reverse osmosis/ion exchange apparatus (Model LPRO-20, USA).
Reactive Blue 19 and Acid Cyanine 5 R were purchased from Alvan
Sabet Co., Iran. The chemical structure and absorption spectra of
the dyes are given in Table 1 and Fig. 1, respectively.
2. Scallop Shell Sample

Scallop shell sample was collected from Caspian Sea beach in
the city of Anzali in Guilan province of Iran, and then was washed
with deionized water and dried at sunlight (Fig. 2(a)). It was then
ground using a hammer mill for easy usage (Fig. 2(b)). The mate-
rial obtained was dried in an electric furnace at 1,000 °C for 5 h,
and sieved in the size range of 50 meshes ASTM (Fig. 2(c)).The
scallop was characterized by inductively coupled plasma optical
emission spectrometry (ICP-OES, Arcos EOP, Germany), Siemens
X-ray diffractometer D5000 (Germany), Fourier transform spec-
trometers (FT-IR, Tensor 27, Bruker, Germany), and scanning elec-
tron microscope (SEM, Hitachi S-4200, Japan). Also, the zero point
charge (pHzpc) of scallop shell powder was determined [30,32].
Adsorbent (0.2 g) was added to 40 mL of 0.1 M NaNO; solutions
at various initial pH in the range of 2 to 11. The initial pH of solutions
was adjusted by the addition of 0.1 M NaOH or HCI, and meas-

Table 1. The characteristics of the used dyes
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Fig. 1. The UV-Vis absorption spectra of the dyes.

ured by pH meter (Metron, Switzerland). Afterward, the mixtures
were shaken on a rotary shaker (KS-15, Edmund Buhler, Germany)
at 170 rpm for 48 h at room temperature, and the final pH of each
solution was measured at equilibrium.
3. Adsorption Experiments

The adsorption experiments were carried out in 250 mL Erlen-
meyer flask containing 100 mL of dye solution and 1 g of scallop
shell powder, while the mixtures were agitated at 150 rpm and room
temperature (25+2 °C) for 120 min. Then, the samples were centri-

Color index name
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e

Fig. 2. The images of scallop shell sample: (a) natural scallop shell, (b) ground sample using a hammer mill, (c) powdered sample in the

size range of 50 meshes ASTM.

fuged (Sigma-301, Germany) at 4,000 rpm for 15 min to remove
the adsorbent. The residual RB19 and AC5R dye concentration was
determined by UV-Vis spectrophotometer (Hach-DR 5000, USA)
at maximum absorbance wavelength of 591 and 566 nm, respec-
tively [33]. To determine the effects of various parameters, the experi-
ments were conducted by different adsorbent amounts of 0.4 to 30
g/L, initial dyes concentration of 20 to 500 mg/L and initial pH of 2
to 12. Each experiment was conducted in triplicate and mean values
of data which were reported. Since standard deviations never ex-
ceeded +1.5%, the error bars are not shown in the figures. The amount
of dye adsorbed by the scallop shell and the dye removal effi-
ciency was calculated through Egs. (1) and (2) [34], respectively.

_(C-OV
©L="7 )
Cy,-C
Removal efficiency (%)= (OC_) x 100 #))
0

where, q, is the adsorption capacity (mg/g) at equilibrium, C, and
C are the initial and final dye concentration (mg/L), V is the volume
of dye solution (L) and M is the total amount of scallop shell (g).
Adsorption kinetic experiments were carried out by agitating dye
solutions (60, 100, 200 and 300 mg/L) containing 0.1 g/L of scallop
shell powder for various contact times (5-120 min) at pH 6. The
pseudo-first-order and pseudo-second-order models [35-37] were
selected to find an efficient model for the best kinetically description
of adsorption; the relevant equations are Eq. (3) and (4), respectively:

K
log(q,~q)=loga, - 3353t 3)

t 1 1

q; kzqi B qet @
where g, and g, are the amounts of the dye adsorbed by scallop shell
(mg/g) at the equilibrium and after a time t, respectively, and k; (1/
min) and k, (g/{mg min) are the pseudo-first-order and pseudo-sec-
ond-order rate constants, respectively.

To investigate the adsorption equilibrium isotherm, the experi-
ments were performed with 100 mg/L initial concentration of dye
using various adsorbent dosages (0.1-8 g/L)) at pH 6 for 24 h. All
experiments were repeated three times and the average values were
reported. The commonly used isotherm equation, namely Lang-

muir and Freundlich [28,38], were applied to equilibrium data, the
related equations are described by Egs. (5) and (6), respectively:
KLque

q.= T+K,C. )

logq,=logK + %logCe ©)

where g,, (mg/g) is maximum monolayer adsorption capacity, C, is
the sorbate concentration in solution at equilibrium (mg/L), K; (L/mg)
and K, (mg/g) are the Langmuir and Freundlich constants, respec-
tively, and n is the intensity of adsorption.

RESULTS AND DISCUSSION

1. Characterization of Scallop Shell

The main compositions of scallop shells were determined using
ICP-EOS technique. Calcium (44,525.26 mg/kg), strontium (198.975
mg/kg), sodium (150.575 mg/kg), magnesium (32.2 mg/kg), potas-
sium (9.175 mg/kg) and then barium (2.85 mg/kg) were the major
components in the scallop shell sample according to dry weight.
The XRD patterns recorded in Fig. 3 reveal the crystal structure of
calcined scallop shell that mainly consist of CaCO; and CaO. Dur-
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Fig. 3. XRD pattern of calcined scallop shell sample (A: CaCO;
and B: Ca0).
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ing the calcination process due to the evolution of carbon dioxide,
CaCO; converts to CaO and the rate of reaction depends on the tem-
perature of the process, so that CaCO, totally transforms to CaO
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Fig. 4. FT-IR spectrum of calcined scallop shell sample.
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Fig. 5. SEM images of scallop shell samples: (a) before calcination,
(b) after calcination of powdered sample in the size range
of 50 meshes ASTM.
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above 1,000 °C [39,40].

The adsorption reactions mostly occur on surface of the adsor-
bent, so the functional groups on the surface can play a significant
role in the adsorption process. FT-IR analysis of calcined scallop
shell shows the presence of active functional groups on the sample
(Fig. 4). The observed peak at ~2,370 cm™' can be assigned to the
N-H group and a sharp peak at 3,645 cm™ indicates the -OH stretch-
ing on the surface of scallop shell. The appearance of a broad peak
around 1,500 cm™ can be related to vibration peak of aromatic C=C
and carbonyl C=0 stretching. The peak at 1,040 cm™' can be due
to the six member cyclic ether group.

The microstructure and morphology of the scallop shells before
and after calcination were characterized with SEM (Fig. 5). Fig. 5(a)
shows the nonporous surface of the raw scallop shell. A porous struc-
ture, which is a good character for an adsorbent material, was ob-
served on the surface of the calcined shell sample (Fig. 5(b)).

2. The Effect of Operational Parameters on the Dye Removal
Efficiency
2-1. The Effect of Contact Time

The effect of contact time on the RB19 and AC5R removal by
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Fig. 6. The effect of contact time on the RB19 (a) and AC5R (b)
removal by scallop shell: adsorbent dose=10 g/L, and pH=6.
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scallop shell was studied by the variation of time from 5 to 120 min
for different initial dye concentrations of 60, 100, 200 and 300 mg/
L at pH of 6 and scallop shell dosage of 10 g/L (Fig. 6). As can be
seen in Fig, 6, the rate of removal of two dyes at all concentrations
is primarily rapid in the first stage of contact time, and then it gradu-
ally slows until reactions reach equilibrium at about 90 min. After
that increase in the exposure time has a negligible effect on the ef-
ficiency of adsorption process. The rapid adsorption observed dur-
ing the first steps of process is attributed to the abundance of free
active sites on the scallop shell surface and easy availability of them
for dye molecules. Subsequently, a decrease in the active sites due
to their occupation by dye molecules and other hand repulsive forces
among the adsorbed dye molecules on the scallop shell and bulk
phase reduce the rapid of adsorption process [41,42]. The efficiency
of dye removal for low concentrations of two dyes was greater than
high concentration of them at the same reaction time. For example,
the removal efficiency increased from 68.92% to 99.94% for RB19
and 78.95% t0 99.99% for AC5R with an increase in the initial dyes
concentration from 60 to 300 mg/L. when the reaction times were
75 min. It seems evident that increasing the initial dye concentra-
tion because of the constant binding active sites on the adsorbent
does not lead to augmented removal efficiency [34,43-45].

Despite these two dyes belonging to two different classes of syn-
thetic dyes with dissimilar chemical structure, their removal effi-
ciency by the same adsorbent was similar together. It is conceivable
that same ion mode in RB19 and AC5R (i.e., two negative charges)
plays an important role in the interaction between scallop shell and
dyes.

2-2. The Effect of Solution pH and Determination of pH,

The effect of pH on the variation of RB19 and AC5R adsorp-
tion onto scallop shell was investigated for pH ranging between 2
and 12, and the results are in Fig. 7. As can be seen, various pHs
do not have considerable influence on both dye adsorption. The re-
moval efficiency of RB19 was increased from 91.07% to 97.97%
by increasing pH from 2 to 6 then it was reduced when the initial
pH was adjusted to the higher values and achieved the lowest with
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Fig. 7. The effect of pH on the removal of the dyes by scallop shell:
initial dye concentration=100 mg/L, adsorbent dose=10 g/
L, and contact time=120 min.
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Fig. 8. Determination of the pH of point of zero charge (PZC).

97.24% at pH 12. The removal efficiency of AC5R was maximum
(99.9%) at the pH range of 2-6. It was decreased with further in-
crease in pH and reached to 92.73% at pH 12. To obtain informa-
tion about the surface charge of the adsorbent, the pH of zero point
charge (pH_) was determined. The plot of pH versus pHi of the
solutions is illustrated in Fig. 8. It can be seen that pHy, (the pH at
which the net surface charge on scallop shell was zero (pH=0)) cor-
responds to a pH value around 11. This means that at pH values
below 11 the scallop shell surface has a net positive charge, while
at pH greater than 11 the surface has a net negative charge. Hence,
the acidic pH facilitates the adsorption of the anionic dyes, RB19
and ACS5R, onto scallop shell surface, as maximum removal of both
dyes obtained at pH 6. This pH,, has a relatively high value com-
pared to those reported in the literature for kaolin (pH,..=7) [46],
and chitosan (pH,..=6.2) [47,48].
2-3. The Effect of Adsorbent Dosage

The influence of scallop shell dosage on the adsorption efficiency
was investigated for ten various amounts in the range of 0.4-30 g/L
(Fig. 9(a)). It is evident that the dye removal efficiency was increased
from 69.29% t0 99.99% for RB19 and 65.67%t0 99.99 for AC5R
by increasing the scallop shell dosage from 0.4 to 30 g/L.. However,
further increase in the adsorbent amounts did not affect the removal
efficiency. Since there was no significant difference among dye re-
moval in the values over 10 g/L, it was selected as the optimum
dosage. The augmentation of decolonization efficiency with an in-
crease in the scallop shell dosage was as a result of the presence of
a high surface area, and consequently greater number of available
sites for adsorption [21,49,50]. Nevertheless, the adsorption capacity
decreased from 173.3 to 3.34 mg/g for RB19 and 164.2 to 3.34 mg/
g for AC5R when the adsorbent dosage increased from 0.4 to 30 g/
L (Fig. 9(b)). It can be explained by the reduction of the adsorption
unsaturation sites that leads to comparatively less adsorption at large
scallop shell dosages. Moreover, decreasing the effectiveness surface
area for the sorption in the high adsorbent dosage could be due to
partial covering or decrease in concentration gradient of adsorbent
particles [4,34,51]. The results are consistent with previous litera-
tures in which adsorption capacity decreased by increasing adsor-
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Fig. 9. The effect of adsorbent dose (a) and adsorption capacity
(b) on the removal of the dyes by scallop shell: initial dye
concentration=100 mg/L, contact time=120 min, and pH=6.

bent dosage [38,52].
2-4. The Effect of Initial Dye Concentration

The initial dye concentration is one of the main factors control-
ling the adsorption capacity of dyes onto adsorbents by overcoming
to the diffusive mass transfer barrier of between the dye molecules
and sorbent. As can be seen from Fig. 10, although the removal ef-
ficiency because of the limited number of active sites declined along
with increasing the initial dye concentration at above 100 mg/L, the
adsorption capacity for both dyes exhibits the reverse trend. Exactly,
when the initial dyes concentration were increased from 20 to 500
mg/L, the adsorption capacity of scallop shell was increased from
21029.9 and 2 to 26.07 mg/g, and the dye removal efficiency was
decreased from 99.99% to 59.78% and 99.99% to 52.15% for RB19
and ACSR, respectively. This may be because physical interaction
between dye molecules and the scallop shell surface and overcom-
ing to the diffusion barrier elevated with an increase in the dye con-
centration. Therefore, all the active sites would be more accessible
for dye molecules at high concentration [34]. Similar observations
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Fig. 10. The effect of initial dye concentration and adsorption capac-
ity (b) on the dye removal efficiency by scallop shell: adsor-
bent dose=10 g/L, contact time=120 min, and pH=6.

were also reported for other dyes and different adsorbates by other
adsorbents [53-55].
3. Kinetic and Isotherm Studies

The adsorption kinetic represents valuable data about efficiency
of adsorption, reaction rate and pathways. Among kinetic models,
pseudo-first-order and pseudo-second-order models are most com-
monly used to describe the adsorption. The pseudo-first-order and
pseudo-second-order linear plots for the different initial concentrations
of RB19 and ACSR are depicted in Figs. 11 and 12. The estimated
kinetic parameters for both dyes are summarized in Table 2. The
kinetic data of both dyes’ adsorption had the best fitting (R*=0.999
for both dyes) to pseudo-second-order model. Moreover, when the
initial dye concentrations increased from 60 to 300 mg/L, the value
of R? for pseudo-second-order model decreased and the value of g,
increased, indicating that adsorption data were in agreement with
this model. The results are consistent with previous literatures in
which adsorption kinetic of dyes by different adsorbent were fitted
with pseudo-second-order model.

Adsorption isotherms show how adsorbate molecules distribute
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Fig. 12. The linear plots of pseudo-second-order models of RB19

(a) and AC5R (b) removal by scallop shell: adsorbent dose=
10 g/L, and pH=6.

Table 2. The calculated kinetic parameters for pseudo-first-order and pseudo-second-order models for removal of dyes by scallop shell

Reactive blue 19

Pseudo-first-order mode

Pseudo-second-order model

Cy(mg/L)  q.(exp)(mg/g)  k(I/min) g, (cal) (mg/g) R* k, (g/mgmin) g, (cal) (mg/g) R?
60 5.99 0.033 6.09 0.883 0.07 6.14 0.999
100 9.79 0.025 10.19 0.972 0.013 10.19 0.991
200 16.45 0.032 16.69 0.975 0.005 17.54 0.986
300 22.78 0.032 23.3 0.991 0.001 28.57 0.933

Acid cyanine SR
Pseudo-first-order mode Pseudo-second-order model

C, (mg/L) q. (exp) (mg/g) k; (1/min) q. (cal) (mg/g) R? k, (g/mgmin) q. (cal) (mg/g) R’
60 5.99 0.038 6.03 0.972 0.0227 6.06 0.999
100 9.99 0.039 10.09 0.952 0.019 10.42 0.996
200 18.62 0.0044 18.64 0.86 0.004 20.00 0.979
300 27.22 0.042 27.24 0.799 0.002 29.24 0.799

Korean J. Chem. Eng.(Vol. 31, No. 8)
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Fig. 13. The linear plots of (a) Freundlich isotherm and (b) Lang-
muir isotherm for the dye adsorption onto the scallop shell:
initial dye concentrations=100 mg/L, adsorbent dose=0.1-
8 g/L, contact time=24 h, pH=6.

between the liquid phase and the solid phase until reaching the equi-
librium state and so are important in optimizing the adsorption pro-
cess. In the present study, the Langmuir and Freundlich isotherms
models were applied to the equilibrium data of RB19 and AC5R

M. Shirzad-Siboni et al.

adsorption onto scallop shell. Therefore, Langmuir and Freundlich
models were analyzed by plotting log (q,) versus log (C,) and C,/q,
versus C,, respectively (Fig. 13); and the estimated Langmuir and
Freundlich constants and related correlation coefficients are given
in Table 3. The high correlation coefficients (R*=0.991 for RB19
and R*=0.938 for AC5R) confirmed the applicability of the Freun-
dlich model for the RB19 and ACSR adsorption process onto scal-
lop shell. Thus, the adsorption of dyes onto scallop shell occurred as
heterogeneous and multilayer phenomena. The high value of Fre-
undlich constant (K,=mg'~"" L' g") for RB19 can be related to
the structural difference of these dyes. However, based on the Freun-
dlich isotherm calculations the values of adsorption capacity of both
dyes were similar to each other (12.36 and 12.47 mg/g for RB19
and AC5R, respectively).

The removal capacity of scallop shell is compared with the values
reported for different adsorbents in Table 3. As the comparison shows,
the scallop shell sample has effective higher adsorption capacity
than others. Maximum adsorption capacity was obtained 250 and
500 mg/g at pH of 6 for RB19 and ACS5R, respectively. Based on
the obtained results, the scallop shell can be employed as an efficient
and low-cost adsorbent for the removal of dyes.

CONCLUSIONS

The present study confirmed that scallop shell could be used as
a cheap and available adsorbent for removal of the dyes from con-
taminated water. The decolorization efficiency depended on exper-
imental parameters like contact time, initial dye concentration, the
amount of scallop shell and pH. The removal efficiency at opti-
mum pH 6 was found to increase with increase in contact time and
adsorption dosage, but to decrease with increase in initial dye con-
centration. Analysis of the scallop shell by ICP-OES, XRD, FT-IR,
and SEM revealed crystal structure, functional groups and porous
surface contributed in the dye adsorption. Pseudo-second-order model
described the adsorption kinetics of dyes onto scallop shell better
than first one. The high value of correlation coefficient for the Freun-
dlich isotherm pointed out that adsorption occurred on heteroge-
neous and multilayer surfaces. According to the results from the
Freundlich model, the equilibrium adsorption capacity for RB19
and ACSR was 12.36 and 12.47 mg/g, respectively.
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