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Abstract: Problem statement: The removal of heavy metals contaminated in aqueous
solution/wastewater has been causing worldwide emwncHowever, the adsorbent materials are
usually limited due to their high cost and envir@mtally benign. To overcome the above-mentioned
disadvantages, low-cost and effective adsorbemsirademandApproach: In this study, the sea
mussel shells/natural clay beads were preparedidimg as low-cost sorbent to remove Cd in the
synthetic wastewateResults: The sorbent were characterized using ScanningtrBledicroscopy
(SEM). The adsorption of Cd(ll) ions from aqueowduson onto adsorbent has been investigated
using kinetic approach to evaluate the effect tifdihconcentration and contact time on the remafal
Cd. In adsorption studies, residual Cd(ll) ion aamtcation reached equilibrium in duration of 24Gmi
for initial Cd concentration of 5 ppm. The maximunemoval achieves 99.75 mg™g
Conclusion/Recommendations. The present results suggest that the adsorbentedefrom sea
mussel shells/natural clay bead is expected tonbecanomical material for removal of Cd(ll) ions
effectively from contaminated water.
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INTRODUCTION prepared from the mussel shell and natural clayter
removal of cadmium from aqueous solution. The

The progressive increase of industrial technology present research also describes the batch adsorptio
results in continuous increase of heavy metals sisch  characteristic of Cd ions on the fabricated adsutbe
Hg, Pb, Cr, Ni, Cu, Cd and Zn in the aquatic Experimental data have been analyzed by adsorption
environment, so that a great effort has been ddviote isotherms.
minimizing these harzadous pollutants. A variety of
methods have been proposed for.the treat_rr?en.t of MATERIALSAND METHODS
wastewater  such as chemical precipitation
(Matlock et al., 2001), electrochemical reduction, ion
exchange (|ng|ezakiset a]_, 2007), membrane Raw material: The natural white Clay utilized for this
separation (Aravindaret al., 2009) and adsorption Study was obtained from Ranong province, Thailand.
(Gupta and Sharma, 2002). Among these methods, thd he clay was ground, sieved by 45-60 mesh.
adsorption has been found to be superior to other ~ The mussel shells were obtained from Samut
techniques because of its capability of adsorbing aPrakarn province, Thailand having major ingredients

broad range of different types of adsorbates effity. ~ CaCQ. The shells obtained were dried, ground and
In recent year, there is an increase interest ingus Sieved by 45-60 mesh. Then, the fine powder was

non-chemical and low-cost adsorbent (Sakal., heated at 850°C for 4 h.

2007) to remove heavy metals from wastewater. The experimental Cd(ll) solution were diluted
The objective of this study was to fabricate and from the standard solution (1,000 ppm Cd) with

evaluate the feasibility of using this compositetenial deionized water to obtain desired concentration.
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Sample preparation: The adsorbent was prepared
with mussel shells powder and natural clay. Thesmas
ratio of mussel shell to natural clay was contibles
1:3. The blended powder was dried at 100°C for 4 h
before being used.

The surface area and its porous properties were
characterized by Nadsorption apparatus using single
point Brunauer, Emmette and Teller (BET) (Autosorb-
1, Quantachrome, USA) procedure. The surface
structure of fabricated composite material was s _ 20
performed by Scanning Electron Microscope (SEM RN i e
JEOL, JSM-6301F, Japan).

Fig. 1: SEM photograph of the mussel shell andnatu

Determining the amount of metal removal: For clay powder

batch kinetic Studies, 20 g of the mussel Sheﬂy/d To evaluate the Sorption characteristics of
beads were introduced into a 180 m L solution ef th Composite materials for Cd(”) ionsy the Change of
Cd(ll) solution of initial concentration of 5 pprithe  sorption capacity with time for different initial
samples were shaken in a thermostatic shaker at &oncentrations has been investigated. A series of
speed of 150 rpm at 30°C. After a predetermine@tim experiments were undertaken by varying the initial
each solution was filtered through Whatman filter concentration (5 and 20 ppm Cd(”) Concentratim)
paper. The metal concentration in supernatant wasremoval kinetics of Cd(ll) from the solution. Figu
determined by using an atomic absorption spect@met showed that the residual Cd(ll) ion concentration
(AAS, Perkin Elmer, A Analyst 800, USA). reached equilibrium in duration of 240 min.

The amount of adsorbed Cd ions (mg metal ions/g

sorbent) was calculated using Eq. 1 from the deerea Kinetics of adsorption: In this study, the first-order
in the concentration of metal ions in the medium by kinetic model, which was used to examine the

considering the adsorption volume and used amaunt o controlling mechanism of adsorption processes, is
the sorbent. The Removal efficiency.JRdetermined  given as (Chiou and Li, 2003):
as the Cd removal percentage relative to initial

concentration, calculated using Eq. 2: log (@, - ¢) = log q- k, 1 3)
2.303
_ (c,- )V
9 = W @) Where:
geand g= The amount of Cd(ll) adsorbed on
R, = C-C) » 100 @ adsorbent (mg Q) at equilibrium and at
C, time t, respectively
ky = The rate constant for first-order adsorption
Where: (L min™)

Je = The amount of metal ions adsorbed into unit ) ) ) )
mass of the sorbent (mgipat equilibrium The straight-line plots of log (@) against t (Fig. 3)

C, = The initial concentration of the metal ions (Jpm  Were used to determine the rate constant,Tke k

C. = The equilibrium concentration of the ions metal value and correlation coefficient R given in Tablérhe
ions (ppm) second-order equation may be expressed asefVil,
V = The volume of the metal aqueous solution (mL) 2000):
W = The weight of the sorbent (g)
e (4)
RESULTS 9, KO G

Results: Figure 1 shows the SEM photograph of the Where, k is the rate constant for second-order
prepared adsorbent (mussel shells: Clay = 1:3 byadsorption (g mgmin™). The kinetic plot between t/q
weight). The results revealed that the mussel shellversus t was plotted as shown in Fig. 4. Slope and
powders have 250-355 pum in size and the naturgl cla intercept values were solved to give the value of
have a cylindrical in shape. second-order rate constant given in Table 1.
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Table 1: Kinetic parameter for Cd(ll) adsorption omussel
shell/natural clay beads {€ 5 ppm)

Energy Rec. J. 1 (2): 78-81, 2010

First order
ki (1072 min™) 1.3500
R 0.9735
Second order
k2 (x10° g.mg*.min™?) 8.9000
R 0.9767
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Fig. 3: Plots for first-order for Cd(ll) adsorptianto
the mussel shell and natural clay beads
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Fig. 4: Plots for second-order for Cd(ll) adsorptio
onto the sea mussel shell and natural clay beads  9: 1474-1479DOI: 10.1016/J.CAP.2009.04.001
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DISCUSSION

As illustrated in Fig. 2, initially the amount of
Cd(ll) ions adsorbed increase rapidly, but then the
process slows down and subsequently attains a
constant value after 240 min i.e., when adsorption
equilibrium is established. This phenomenon was due
to a large number of vacant surface site for metad
adsorption during the initial stage. Near the
equilibrium the remaining vacant surface sites were
difficult to be occupied due to repulsive forcesvimen
the solute molecules on the solid and bulk phake. T
adsorption of Cd(Il) by composite materials incesas
as the initial Cd(ll) concentration increased. An
increase in the initial Cd(Il) concentration leadsan
increase in adsorption capacity of the Cd(ll) otite
adsorbent. This is due to the increase in the
concentration gradient between the bulk and the
surface of the prepared adsorbent with the incre@ase
initial Cd(ll) concentration. Base on the corredati
coefficients, the adsorption of Cd(ll) is best désed
by the second-order equation. In many cases the fir

contact time and is generally applicably over thigal
stage of the adsorption processes.

CONCLUSION

The capability of the use of sea mussel shell and
natural clay for removing Cd(ll) from agueous smnt
was examined. The present investigation showed that
the mussel shell and natural clay beads can be
effectively used as a sorbent for the removal ofliCd
from aqueous solution. The adsorption kinetics of
Cd(ll) on sorbent was found to follow the secondear
kinetic model.
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