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Abstract

Seashell has become one of the most significant aquaculture wastes. In this work clam shell derived from
local market was used as adsorbent for removal of Cu®* heavy metal ion from aqueous solution at different
temperature and initial solution pH of 5. The shell was characterized using XRD, SEM and FTIR spectroscopy.
The Langmuir and Freundlich adsorption isotherms models were found to be useful for describing the
equilibrium adsorption system. The monolayer saturation capacities calculated according to the Langmuir
adsorption isotherm were given to be 6.37-13.58 meq g™ at 20-40 °C. The adsorption kinetics showed that the
adsorption process can be well described with the pseudo-first order model.
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1. Introduction

The release of toxic substances to the water
system from industrial and different human activities
such as mining, metal processing, pharmaceuticals,
pesticides, organic chemicals, rubber and plastics,
etc. may cause serious effects to the environment and
human health. It is because the toxic substances have
a tendency to accumulate in the soil, sea water, fresh
water and sediments due to their high dispersion
from where they enter into the food chain [1].

Rapid industrialization has led to increased
disposal of heavy metals into the environment. The
tremendous increase in the use of the heavy metals
over the past few decades has inevitably resulted in
an increased flux of metallic substances in the
aquatic environment. The heavy metals are special
because of their persistency in the environment. At
least 20 metals are classified as toxic, and half of
these are emitted into the environment in quantities
that pose risks to human health [2]. The ability of a
water system to support aquatic life as well as its
suitability for other uses, however, depends on many
trace elements.

Heavy metal pollution of wastewater is a
common environmental hazards, one of such heavy
metal of concern is copper. It is present in the
wastewater of several industries, such as metal
cleaning and plating baths, refineries, paper and pulp,
fertilizer, and wood preservatives [3].

In order to have a pollution-free environment, the
toxic heavy metals should be removed from
wastewater before its disposal. A number of
technologies have been developed over the years to
remove heavy metals from industrial wastewater [4-
6]. Different technologies include
coagulation/flocculation [7,8], precipitation, ion-
exchange, electrochemical processes and membrane
technology have been studied. All the chemical
methods have proved to be much costlier and less
efficient than the biosorpti--on process [9]. In
addition, chemical methods increase the pollution
load on the environment. Biosorption, is a biological
method of environmental control that can be an

alternative to conventional wastewater treatment
facilities. Natural biopolymers are industrially
attractive because of their capability of lowering
transition metal-ion concentrations to parts per
billion concentrations [10]. Very few researches have
been carried out to study the clam shell as sorbent
[11-15]. In this work an investigation was carried out
to evaluate the effectiveness of employing a clam
shell for the adsorption removal of Cu* from
wastewater. The experimental batch kinetic and
isotherm studies were carried out to determine the
adsorption capacities.

2. Materials and methods
2.1 Materials

All chemicals used were of analytical grade and
used without further purification. Copper chloride
(99 %) was used for the preparation of stock standard
solutions of Cu (I1) was purchased from Aldrich. Its
chemical formula and molecular weight are
(CuCl,.2H,0) and 170.54 g mol™, respectively. Clam
shell samples, was obtained from local market (Cairo
city, Egypt). The samples were first cleaned with
boiling distilled water for two hours to remove fresh
remnants attached to the shells, and then dried in
oven at 100° C for 30 min. The dried shells were
graded with mill to prepare powder particles. The
shell powders were thus sieved to three different
mesh number ranges of 0.841 mm, 0.420 mm and
0.037 mm, according to USA standard sieve
designation. The resulting shell powders were stored
in the desiccator prior to the physical and adsorption
characterizations.

2.2 Characterization of clam shell powder
2.2.1 Determination of calcium content of clam
shell

To carry out the elemental analysis of the used
clam shell, EDTA titration was performed to identify
percentage of calcium in clam shell [16]. To
determine the calcium content of used clam shell, the
fine powder was dissolved in 0.6 M HCI and the pH

Benha Jo Benha Journal Of Applied Sciences, Vol.(1) Issue (1) Jan.2016.


mailto:Hisham.ali@fsc.bu.edu.eg

Adsorption of Cu? ion from aqueous solution by clam shell powder 44

adjusted t010 by ammonium buffer solution. Finally,
the resulted solution was titrated by EDTA (0.05N).

2.2.2 X-ray diffraction ( XRD)

X-ray diffraction (XRD) patterns of the shell
were performed in order to identify the crystalline
spaces present at room temperature on X- ray
diffraction (D/Max2500 VB2+/Pc, Rigaku Company,
Tokya, Japan), with area detector operating at voltage
of 40 kV and a current of 50 mA using CuKa
radiation (wavelength A=0.153nm) .The X- ray
diffraction analysis was carried out in the scanning

angle (28 ) range 5-90° at scanning speed of 1° min™.

2.2.3 Scanning electron microscope ( SEM ) and
XPS

In order to elucidate surface morphology of the
resulting shell powders, the powder texture was
observed by the scanning electron microscope
(SEM). The surface morphologies of the samples
were examined using an S-3000N (Hitachi High-
technologies Co., Tokyo, Japan) SEM apparatus
operated at a 15 kV accelerating potential. Prior to
the observation, the surface of the sample was coated
with a thin, electric conductive gold film. The XPS
was also reported.

2.2.4 Fourier transform infrared ( FT-IR )

Fourier transform infrared spectroscopy (FTIR)
was performed to identify the chemical structure of
the clam shell. FTIR spectra of the sample was
measured with JASCO, Nicolet 1S-10 (made in
Japan) spectrophotometer which used the KBr disc in
measurement and the IR absorption band was
adjusted by the baseline at wavelengths in the range
for 4000 to 400 cm™ with increments of 500 cm™ and
resolution of 4 cm™ .

2.2.5 Determination of Point of zero charge

The pH drift test of clam shell was carried out as
follows: 50 ml of 0.01 M NaCl solution was placed
in titration vessel (298K). Nitrogen was bubbled
through the solution to stabilize the pH by preventing
the dissolution of CO2. The pH was adjusted in the
range from 3 to 10 by addition of 0.1M HCI or 0.1M
NaOH solutions. The clam shell (0.15g) was added to
the solution and after 2h the final pH was measured
and plotted against the initial pH. As reported
elsewhere, [17, 18] the pH at which the curve crossed
the line pH initial = pH final was taken as the point
of zero charge, pHpyc.

2.3 Adsorption studies
2.3.1 Effect of pH on Cu ( 11 ) Adsorption

The effect of pH on the adsorption of Cu (Il) was
studied by mixing 0.05 g of adsorbent with 25 ml of
copper solution of 500 mg/L at different pH value (2
— 5) under room temperature. The pH was adjusted
with 0.005 M HCI solution and measured by pH
meter (Cyperscan 500°", USA). Agitation was made

at a constant stirring speed of 500 rpm for overnight.
The solid was separated from the solution with the
aid of centrifuge at 5000 rpm. The Cu®
concentration was measured using Inductively
Coupled Plasma Optical Emission Spectroscopy
(ICP-OES).

2.4 Equilibrium Studies of Cu ( 11 ) Adsorption

To study the adsorption isotherm, a series of
solutions containing different initial concentrations of
Cu(ll) ions (in the range of 200 — 900 mg/L) was
prepared and employed for the batch adsorption
studies at room temperature. The solid was separated
from the solution with the aid of centrifuge at 5000
rom. The Cu? concentration was measured using
Inductively Coupled Plasma Optical Emission
Spectroscopy (ICP-OES), and the amount of
adsorption at equilibrium, ge (mg/g) was calculated
[1] by the following equation (1):

_ E(CEU — CB)V

where Co and Ce (mg/L) are the liquid-phase
concentration of copper at initial and equilibrium,

respectively, V (L) is the volume of the solution and

W' (g) is the mass of dry adsorbent used (clam shell).
The adsorption efficiency of Cu (I1) can be calculated
[1] by the following equation (2)

E(C]U - Ce)x 100

. @

adsorption percentage =
o

2.5 Kinetics Studies of Cu ( 11 ) Adsorption

The kinetics studies of Cu (Il) adsorption were
carried out by batch adsorption technique [13]. The
duration time intervals up to 180 min were
investigated .The solid was separated from the
solution with the aid of centrifuge at 5000 rpm. The
Cu®* concentration was measured using Inductively
Coupled Plasma Optical Emission Spectroscopy

(ICP-OES) and the amount of adsorption at time t, 9z
(mg/g) was calculated [1] by the following equation
3
( ) _ E(CEU - Cth

e = W ®)
Where C: (mg/L) is the liquid-phase concentrations
of Cu (I1) solutions at any time, t.

2.6 Effect of contact time on Cu ( 11') Adsorption

The copper of 500 mg/L was kept in contact with
clam shell powder at room temperature for different
time intervals. The effect of contact time investigated
were 5, 15, 30, 45, 60, 75, 90, 120,150 and 180 min
at pH5.

2.7 Effect of concentration on Cu ( 11') Adsorption
Initial copper concentrations of 300, 500, 700 and
900 mg /L were performed at pH5 for 180 min.
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2.8 Effect of particle sizes on Cu ( 11 ) Adsorption

The grounded powder of used biosorbent was
graded with standard sieves to three particle sizes
(0.841 -0.420 -0.037 mm). Biosorbent (0.05g) from
each graded size were added to six beakers of 25 ml
copper chloride solution of 500 mg/L at pH5 for
different intervals (5, 15, 30, 45, 60, 75, 90, 120,150
and 180 min) . The solid was separated from the
solution with the aid of centrifuge at 5000 rpm. The
Cu®* concentration was measured using Inductively
Coupled Plasma Optical Emission Spectroscopy
(ICP-OES).

Table (1) Elemental analysis of clam shell.

2.9 Effect of temperature on Cu ( 11 ) Adsorption

The effect of temperature on the adsorption of
Cu®™ on clam shell was studied at different
temperature (20-40%) at pH5, particle size of 0.037
mm and concentration of copper 500 mg/L. The solid
was separated from the solution with the aid of
centrifuge at 5000 rpm. The Cu?®* concentration was
measured using Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES).

3. Result and discussion

3.1 Characterization of clam shell powder

3.1.1 Determination percentage of calcium content
of clam shell

Element ca” co* Total percentage
C 0
% of element in shell 59 8.2 32.8 100

Element Concentrafibn
- Oxide
Cao 100

Element Concentration
Ca 7151
o 28.54

Fig (1) XPS chart of the used clam shell As shown from Table (1) and XPS Fig (1) both
analysis reveal that the content of calcium was in range 59-70%.

3.1.2 X-ray diffraction analysis of clam shell

Powder XRD patterns for clam shell over 20
range 6-80° are shown in Fig (2). The pattern reveals
complete agreement of clam shell powder with
aragonite calcium carbonate. All planes concerning
the CaCO; were indexed on the basis of aragonite
orthorhombic system. The main planes in the XRD
pattern of CaCO; were assigned to the planes of 111,
121, 102, 112, 220, 040, 202 and 113 respectively.
However the lattice parameters a,b,c are given to be
4.94, 7.94 and 5.72 respectively [19]. The particles
size was calculated using Scherrer equation and
given to be 33 nm.

(= KA/(B cos8) (4)

Where:

T: is the main particle size

K - scherrer factor (0.9)

4 : X-ray wave length

B : is the line broadening at half the maximum
intensity (FWHM) in radiation

B : is the Bragg angle
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Fig (2) X-ray diffraction for clam shel

3.1.3 Scanning electron microscope ( SEM )

The textural structure of clam shell under
investigation can be observed from SEM
photograph with the magnification of 10000, shown
in Fig (3,4) which show a large distribution of

1/20/2015
1:46:11 PM

det | mag [

mag I

5
20.00 kV | vCD |10 000 %x|11.8 mm| 3.5 |29.8 pum

Fig (4) SEM micrograph for clam shell

3.1.4 FTIR spectroscopic analysis

FTIR spectroscopic analysis of clam shells under
investigation was performed using KBr disk. To
determine adsorption functional groups.FTIR spectra
were measured for adsorbent samples before and

20.00 kV | vCD | 1 300 x |11.8 mirr

Fig (3) SEM micrograph for clam shell

particle size. It is also not indicate well-defined
pore structure, however; this rough surface

structure may provide the required surface for ion
removal process [20, 21].

spot

3.5 | 230

—— 5 pm

EMRA (3

after adsorption Fig (5). The vibrational bands
between 500 and 1500 cm™ were assigned the C-O
stretching of CaCQOs. For the sample after adsorption,
all the peaks had substantially exist as those in raw
sample ,however, the small difference of these bands
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may be due to the physical adsorption of Cu** ions onto the clam shell [13].
100 =
8 75 -
s 5o
25 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavelength(cm™)
Fig (5) FTIR spectra for clam shell with copper
_:%
% 50 =
wavenumbers(cm™)
Fig (6) FTIR spectra for clam shell
3.1.5 Point of zero charge the points Initial,y=Finaly. The clam shell studied
Fig (7) shows the pH drift test for clam shell. The has a pH,,c equal to 7.8; therefore its surface has a
pH of point of zero charge, pH,, corresponds to that basic character.

at which the curve crosses the straight line that fits

final PH
o 4
-
S
=
a

intial PH

Fig (7) point of zero charge

99.95 +
* o 2

g 999 -
[
B
3 99.85 -
L
o
¥ 998 - X

99.75 T ‘ T T T ‘

6.7 6.8 6.9 7 7.1 7.2 713
equilibrium pH

Fig (8) Effect of pH on the uptake of copper.
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3.2 Effect of acidic stability of clam shell
In preliminary experiment the clam shell acid
solubility was studied and the most stable pH was

Table (2) The acidic stability of clam shell

found to be around 5. However, the shell starts to

d

issolved at pH 3.3. Accordingly, all further

experiments were carried out at pH 5, Table (2).

Weight of Ca % of Ca . .
Sample (dissolved) (dissolved) Initial PH Final pH
H,O + shell - - 5.4 5.51
1ml HCI + shell 2x10°® 1 3.27 7.01
3ml HCI + shell 3.4x10°® 1.7 2.80 6.56
5ml HCI + shell 4.66x107 2.33 2.55 3.77
7ml HCI + shell 7.4x10°° 3.7 2.38 3.61
9ml HCI + shell 0.011 5.33 2.29 2.98

3.3 Effect of pH

The effect of pH was carried out at initial pH
range from 3.3 and 5. As shown in Fig (8) the
adsorption of copper was increase by increasing the
initial pH up to 5. Higher pH was avoided due to
the precipitation effect.

3.4 Effect of particle size

The particle size studied was in the range of
0.037-0.6305 mm. The removal of copper was
found to be increase with decrease of particle size
and range from 64.5-160 mmol/g. This can be
attributed to the increase of surface area due to the
decrease in particle size [15].

3.5 Total capacity
Total capacity of the clam shell under
investigation was carried out by repeated
equilibrium of 0.05 g solid with 500mg/L copper
till no further uptake can be detected. The total
capacity was found to be 20.31 mmol/g
% of uptake x ppm

wt(g)
3.6 Effect of temperature

Fig (9) Shows the effect of the temperature on
the adsorption of copper on the clam shell. It is
obvious that as the temperature increase the
adsorption increase up to the equilibrium state. This
is due to the increasing of kinetic energy of Cu?*
and the nature of endothermic adsorption process of
Cu®* on clam shell.

total capacity = X M. wt

120
100
80
60
40
20

% removal

3.7Kinetics of adsorption

Kinetics of adsorption process was studied
using the pseudo-first order Lagergren equation
[22, 23] and a pseudo- second order rate equation [
24, 25 ] represented by Eqgs (5, 6), respectively.

Iln(Q, - Q) =nQ, - Kt (5)
t_n L)
Qt ( /KzQ.f) N (Qe ' (6)

Where @t is the amount (mg g™*) of metal ion

adsorbed at time t , @€ s the adsorption capacity
(mg g?) at equilibrium , Kjand K, are the rate
constants (min™) of pseudo-first order and pseudo-
second order models, respectively. Fig (10,11)
present the best fitted adsorbates using the pseudo-
first and second order kinetics models, respectively.
Table (3) lists the resulting parameters calculated
using both models.

In the pseudo-first order, the rate constant K
increase as temperature increase and reached
maximum 2.47 x 102 min™ at 40 °C,however, the
adsorption rate constant followed the order
20<30<40 °C .

The pseudo —second order model (R? 0.930-
0.989) did not quit fit the kinetics as well as those
obtained using the pseudo- first order Kinetics
model where the high linearity of the plots of

Ln(Q, —Qc)  versus t (R? 0.995-0.998)

confirmed the pseudo-first order nature of the
process.

—pp 70 OC
—— 30 oC

g 40 OC

0 T
100

time, min

200 300

Fig 9. Effect of temperature on the adsorption of copper on
clam shell at pHS and 400 particle size.
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Table (3) Kinetic parameters for the adsorption of Cu?* onto clam shell

Temperature  pseudo-first -order pseudo-second -order
Kimin®) — R®  Q(mgg")  Kygmg'min®) h(mgg'mint) R’
20 1.20x10% 0.998  10.13 2.09 x 10° 0.215 0.930
30 1.65x10% 0.998 10.50 2.983x 107 0.329 0.978
40 247x10% 0995 10.83 4.44x 10° 0.521 0.989
6
5 * 30
oC
—_ 4
F s
=4
5 2
1
(8] T |
0] 50 100 150 200 250 3200
Time (min)
Fig (10) Plots of the pseudo-first-order lagergren equation for the
adsorption of copper onto clam shell at various temperature
1.2
1 |
"ob
.__E__ 0.8 - *
eT4]
& |
.= 0.6 - # 30 oC
E |
“‘: < W 40 oC
o 0.4 - *
_'--._._‘,_ ! A 60 0C

o

o N

"V
PR ¢

(0] 50 100

200 250 300

Time (min)

Fig (11) Plots of the pseudo second order kinetics of the adsorption of
copper on clam shell at various temperature.

3.8 Adsorption isotherm

Langmuir and Freundlich models were used to
analyze the adsorption of copper onto clam shells at
different temperature.

3.8.1 Langmuir isotherm

The Langmuir isotherm is the most commonly
monolayer adsorbed to solid surface. The linear
form of the equation [13] can be represented as
follows:

Cr’w = CX(M +1/am (7)
Where, € is the equilibrium concentration, W is
the amount of sorbed per gram sorbent, M is the
monolayer saturation capacity and 2 is a constant
related to the heat of adsorption.

When CXW is plotted against C | a straight line

has a slope of lfM and an intercept at 1/arn is
obtained. The calculated Langmuir constants were
given in Table (4) .The values of R are in the range
of 0.996- 0.994 revealing that the Langmuir

isotherm fit the adsorption process. The calculated
adsorption capacities of monolayer adsorption show
higher value comparing to other adsorbents [26,
27].

3.8.2 Freundlich isotherm

The Freundlish isotherm is most frequently used
to describe the adsorption of organic or inorganic
species from aqueous solution. The Logarithmic
form representing Freundlich isotherm [13] can be
represented as follows:

_ 1
logW =K+ /nlogC (8)
where W and € as mentioned above K |11 are

Freundlich constants related to adsorption capacity
and adsorption intensity.

When log W' is plotted against 108C | a straight

line having a slope of 1X(n and an intercept of
logW s obtained. Table (4) lists the Freundlich
constants for adsorption of Cu®* on the clam shell.
The values of R? all fall in the range of 0.998—
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0.977, these adsorption events appear to follow the
Freundlich isotherm quite well. However, the value

of I was greater than 1, revealing that adsorption
was a favorable process.

Table (4) Langmuir and Freundlich constants for adsorption of copper onto clam shell

Langmuir Freundlich
temperature
qmglg) b n Ks R?
20 6.37 0.26 0.996 2.4 1.73 0.981
30 5.92 4.34 0.994 1.11 3.78 0.998
40 13.58 11.97 0.996 2.6 27.24 0.977
3 -
2.5 -
2 -
E 1.5 +
8]
1 -
0.5
0 : : :
0 5 10 15

equilibrium concentration, meq/L

Fig (12) Langmuir adsorption isotherm for copper to clam shell at 20

0 T T T T
0.783 1.283 1.783 2.283 2.783

log C

Fig (13) Freundlich adsorption isotherm for copper to clam shell at 20
°C.

3. Conclusion

It is clear that the clam shell is effectual and
viable as sorbents for copper removal from aqueous
solution. The different operational parameters
observed during the process of investigations reveal
that the pH, temperature, and contact time of the
clam shell govern the overall process of adsorption.
The batch studies clearly suggest that clam shell
exhibit high adsorption at low particle size. The
results obtained are well fitted in the linear forms of
Freundlich and Langmuir adsorption isotherms.
The calculated values of different parameters
clearly indicate that the ongoing adsorption process
is feasible, spontaneous and endothermic in nature.
The kinetic evaluation suggests that the process is
following the pseudo-first order.

References

[1] S.Rathnakumar, R.Y.Sheeja and T. Murugesan,
Removal of copper (1) from aqueous solutions
using teak (Tectona grandis L.f) leaves I,
International  Conference on  Chemical
Engineering and Technology, Singapore,
August 26 - 28, 2009.

[2] A.Kortenkamp, M.Casadevall, S.P.Faux, A.A.
Jenner, R.O0J. Shayer, N.Woodbrige, P.
O’Brien, A role of molecular oxygen in the
formation of DNA damage during the
reduction of the carcinogen chromium (VI) by
glutathione, Arch. Biochem. Biophys. Vol.329
, pp.199-208, 1996.

[3] K.Periasamy, C.Namasivayam, "Removal of
copper (II) by adsorption onto peanut hull

Benha Jo Benha Journal Of Applied Sciences, Vol.(1) Issue (1) Jan.2016.



51 H.M.Aly, S.A.Shama, A.M.Elsharkawy, A.l.Helal and A.M.Khodir

carbon from water and copper plating industry
wastewater", Chemosphere 32, pp.769- 789,
1996 .

[4] B.esse, R.Mary, Maintaining copper
homeostasis regulation of copper-trafficking
proteins in response to copper deficiency r
overload. J.Nutr. Biochem. Vol.15, pp.316-
322, 2004

[5] Z.Chena, H.Menga, G.Xing a, C.Chena,
Y.Zhaoa, G.Jia , T.Wang, H.Yuan, C.Ye,
F.Zhaoa, Z.Chai , C.Zhuc, X.Fang, B. Mac
and L.Wan,, Acute toxicological effects of
copper nanoparticles in vivo, Toxicology
Letters, vol.163, pp.109-120, 2006.

[6] P.Z.Bj'orn, H.D.Hermann, L. Max, S. Heide,
K.G. Barabara, and D.Hartmut,
Epidemiological investigation on chronic
copper toxicity to children exposed via the
public drinking water supply.ci. Total Environ.
Vol.302, pp.127-144, 2003.

[7]1 H.shafy, W.Hegemann, C.Guldner, Fate of
heavy  metals via  chemical-biological
upgrading of sewage sludge treatment plant,
Environ. Manage. Health , vol.713, pp.28-36,
1996.

[8] O.S.Amuda, I.A.Amoo, 0.0.Ajayi, Coagulation
flocculation process in the treatment of
beverage industrial wastewater, J. Hazard.
Mater. B vol.129, pp.69-72, 2006.

[9] B.Preetha, T.Viruthagiri, Biosorption of zinc
(1) by Rhizopus arrhizus; equilibrium and
kinetic modeling, African J.Biotechnol, vol.4,
pp.506-508, 2005.

[10] S.M.Nomanbhay, K.Palanisamy, Removal of
heavy metal from industrial wastewater using
chitosan coated oil palm shell charcoal,
Electron. J.Biotechnol. vol.8 , pp.43-53, 2005.

[11] J.Jung, J.Lee, Gang-Woo Lee, Kyung-Seun
Yoo and Byung-Hyun Shon. Reuse of Waste
Shells as a SO2/NOx Removal Sorbent,
Material Recycling - Trends and Perspectives,
Dr. Dimitris Achilias (Ed.) , (2012) .

[12] J.Jung,B.Shon,K.Y 00 and
K.oh,Physicochemical ~ Characteristics  of
Waste Sea Shells for Acid Gas Cleaning
Absorbent Korean J.Chem. Eng., vol.17, 585-
592, 2000.

[13] T.Hsu , Experimental assessment of adsorption
of Cu2+ and Ni2+ from aqueous solution by
oyster shell powder, Journal of Hazardous
Materials, vol.171, pp.995-1000, 2009.

[14] D.Tsiamis, Removal of Arsenic from Water
Using Ground Clam Shells, Journal of the U.S.
SJWP doi: 10.2175/SJWP ,1:80, 2007.

[15] W.Tsai, H.Chen, K.Kuo, C.Lai, T.Su, Y.Chang
and J.Yang, The adsorption of methylene blue
from aqueous solution using  waste
aquacultural shell powder, J. Environ. Eng.
Manage., vol.19, pp.165-172, , 2009.

[16] www.outreach.canterbury.ac.nz

[17] G.Newcombe , R.Hayes and M.Drikas,
Granular activated carbon: importance of
surface properties in the adsorption of naturally
occurring organics. Colloids Surf A vol.78,
pp.5-71, 1993.

[18] F.Garcia MA, R.Utrilla J, B.Toledo I and
M.Castilla C, Adsorption of humic substances
on activated carbon from aqueous solutions
and their effect on removal of Cr(lll) ions.
Langmuir vol.14, pp.1880-1886, 1998 .

[19] British Museum (Natural History) card.no.
(D3-0405).

[20] J.Jung, Y.Lee, K.Yoo, H.Lee, K.Oh, and
B.Shon, Reactivity of Bio-sorbent prepared
by waste shell of shellfish in acid gas cleaning
reaction. Korean J. Chem. Eng.,vol.22, pp.566-
568, 2005.

[21] W.Tsai, H.Chen, K.Kuo, C.Lai, T.Su,
Y.Chang, and J.Yang. The adsorption of
methylene blue from aqueous solution using
waste aquacultural shell powders. J.
Environmental eng. Manage, vol.19 , pp.165-
172, 2009 .

[22] T.C.Hsu, Adsorption of an acid dye onto coal
fly ash, Fuel, vol.87 , pp.30740-30745, 2009 .

[23] S.Lagergren, Zur theorie der sogenannten
adsorption geloster stoffe. Kungliga Svenska
Vetenkapsakademiens, Handlingar, vol.24,
ppl-39, 1898.

[24] C.C.Wang, L.C.Juang, C.K.Lee, T.C.Hsu,
J.F.Lee, H.P.Chao, Effect of exchanged
surfactant cations on the pore structure and
adsorption characteristics of montmorillonite,
J. Colloid Interface Sci. vol.280 , pp.27-35,
2004.

[25] C.C.Wang, L.CJuang, T.C.Hsu, C.K.Lee,
J.F.Lee, F.C.Huang, Adsorption of basic dyes
onto montmorillonite, J.Colloid Interface Sci.
vol.273, pp.80-86, 2004.

[26] N.Nasir, M.Zaini, S.Setapar and H.Hassan,
Removal of methylene blue and copper(ll) by
oil palm empty fruit bunch
sorbents,J. Teknologi, pp.107-110, , 2015.

[27] J.Thilagan, S.Gopalakrishnan and T.
Kannadasan, Adsorption of Copper (I1) ions in
aqueous solution by Chitosan immobilised on
Red Soil: Isotherms, Kinetics and Mechanism,
International Journal Of Pharmaceutical And
Chemical Sciences, Vol.2 (2), Apr-Jun 2013.

Benha Jo Benha Journal Of Applied Sciences, Vol.(1) Issue (1) Jan.2016.



