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Abstract: The studies were concemed in removal of Cu (IT) from the synthetic waste
water using kaolinite clay-sequencing both batch and fixed bed reactor systems.
Batch studies revealed that the initial uptake of copper ion on kaolinite clay was
rapid and equilibrium was established about in 1 h. The adsorption 1sotherm studies
clearly indicated that the adsorptive behavior of metal ions on kaolinite clay not
only the Langmuir assumptions but also the Freundlich Ton-exchange and surface
adsorption might be involved in the adsorption process of copper on kaolinite clay.
In fixed bed celumn modeling, adsorption of copper on kaolmnite clay at three
different flow rates was investigated. The column having a diameter of 2 ¢cm, with
different bed depths such as 10, 20 and 30 cm and Thomas” kinetic parameters were
calculated. The experimental results demonstrated that kaclinite clay can be used
as an effective adsorbent for removing Cu® from aqueous solutions.
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INTRODUCTION

Copper 1s a widely used material, there are many actual or potential sources of copper
pollution. Copper is used in Jewelry, paints, pharmaceutical products, wood preservatives,
plgments, metal works, petroleum refinery, motor vehicle and aircraft plating and finishing.
Also copper may be found as a contaminant in food, especially shellfish, liver, mushroom,
nuts and chocolate. In addition, any processing method or container using copper material
may contaminate the product, such as food, water or drink (Wallace et al., 2003). Copper is
essential to human life and 15 required for various biological processes, but like all heavy
metals, is potentially toxic as well (Nuhoglu et al., 2002). According to the World Health
Organization, the accepted range of Cu™ in water is 0.01 ppm since, copper ions is
non-degradable mto nontoxic end products, their concentrations in effluents must therefore
be reduced to acceptable levels before discharging them into the environment. There are
many conventional processes for the removal of copper from wastewater streams such as
precipitation, coagulation, ion exchange etc. (Basci er al, 2004, Kartal er al, 2008,
Nasernejad et al., 2004). These processes have many disadvantages such as incomplete
removal, high energy and reagents costs and disposal of toxic sludge. Respectively, among
the unit operations in water and wastewater treatment, adsorption occupies an important
position (Ahsan et af, 2007, Aksu and Isoglu, 2005; Panneerselvam et al., 2009,
Zheng et al., 2008). Adsorption methods were found to be more effective and attractive due
to its lower costs and the lugher efficiency of heavy metal ions removal from wastewater. In
this study, the kaolinite clay which was obtained from Fayum city, Egypt will be investigated
as a potential and low cost adsorbent for Cu™ ions from aqueous sclutions. The
thermodynamic and kinetic parameters involved in the adsorption process will be estimated
using the both techmque, batch and fixed bed column.
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MATERIALS AND METHODS

Kaolinite clay samples were obtained from Al-Fayum governorate were used as
adsorbent matenial. During the period from 1-6-2003 to 1-8-2004. The collected raw samples
have been subjected to beneficiation process using hydro cyclone to reduce the quartz ratio
as described by Gougazeh (2001). Hence, a high grade kaolinite was implemented for the
adsorption experiments. The mineralogical and chemical composition of the clay before and
after beneficiation are displayed in Table 1.

Batch Experiments

In this experiments, kaolinite clay, Beneficiated and raw, has been washed at the first
step and then ninsed with distilled water. After drying m 100°C, it was ground and screened,
using screen with mesh size 10. For preservation, it was kept in plastic-stopper bottle
(containers) and to minimize contact with humidity all these bottles were preserved in
desiccators before the time of use. Selutions of CuSO, was prepared for the simulation of a
contamination by Cu solutions of Cu with 5 different concentrations of 0.2, 0.3, 0.4, 0.5 and
0.7 mg L.~ where, prepared synthetically and in order to determine the efficiency of kaolinite
clay in metal adsorption. Also, Batch tests were applied using 5 different amounts of
adsorbent: 0.2, 0.5, 0.7, 1.0 and 1.5 g in single solution for the both adsorbents, Beneficiated
and raw kaolinite clay.

The procedure for first batch experiment was as follows: to 25 flasks each containing
different grams adsorbent, with known concentration of copper were added. All flasks were
then located on a shaker with 300 rpm. After 1 h contact time, the contents of flasks were
filtered through Whitman No. 42 filter paper to prevent the probable mterference of turbidity.
The copper concentration of filtered solutions was then determined using atomic adsorption
spectrophotometery. The results from the batch experiment were interpolated with Langmuir
and Freundlich curves (Fig. 1, 2).

The langmuir equation 1s given by Eq. 1 (Chiron ef al., 2003):

Ce/qe = 1/(qm K) + 1/ (qm) Ce (1)

where, ge is the equilibrium copper concentration cn adsorbent (mg g "), gm the maximum
amount of adsorption (mg g™, K the affinity constant and Ce is the sclution concentration
at equilibrium (mg 1.7"). From a plot of (Ce/qe) versus (Ce), gqm and K can be determined from
its slope and intercept. Also, Freundlich equation was also applied according to Eq. 2
(Stumm and Morgan, 1996).

G =KxC," (2)
where, K; represents a Freundlich constant and n stands for a degree of non-linearity.

Table 1: Mineralogical composition (XRD, Qualitative) ordered from the higher ratio, given the number 1, to lower ratio,
given the number 7

Ratio order Raw clay mineral components Ratio order Beneficiated clay mineral components
1 Talc. Clay 1 Kaolinite(Al,8i,05(0H),

2 Quartz (Si0,) 2 Quartz (310;)

3 Kaolinite(Al,81,0,(OH), 3 Tilite

4 K-Feldspar (KAlSi;0:) 4 K-Feldspar(K Al8i;0:)

5 Tllite 5 Tale. Clay

6 Hematite (Fe,();) [Traces] 6 Hematite (Fe,O) [Traces]

7 Vermiculite [Traces] 7 Vermiculite [Traces]
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Fig. 1: Tsotherm for sorption of Cu onto beneficiated kaolinite clay
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Fig. 2: Tsotherm for sorption of Cu onto raw kaolinite clay

Fixed Bed Column Studies
Fixed bed column Thomas model (Thomas, 1944) was used to calculate of column

parameter (Eq. 3):
Qrn (C/C:1) = (kg *M) (ks C o Vo) (3)

Where:

C, Inlet Cu concentration (mg L")

C, = Outlet Cu concentration (mg L")

V. = Effluent volume at a given flow rate

ky, = Thomas rate constant (mL/min/mg)

Equilibrium heavy metal uptake g~' of the adsorbent (mg g™")
= Volumetric flow rate (mL min ")

M = Amount of adsorbent in the column (g)

e=S
Lol

RESULTS AND DISCUSSION

The adsorption of Cu decreased when Cu concentrations increased in the contact
solution. Whereas, these results were contradicted with Panneerselvam et al. (2009),
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Table 2: Chemical composition (XRF)

Compound Ratio (wt.%0) raw kaolinite clay Ratio (wt.%0) beneficiated kaolinite clay
Si0, 67.413 21.021
Tiy 0.912 1.024
ALO; 14.315 53.336
Fe, Oy 8.016 2.032
Organic-OH 4.512 11.015
Organic-COOH 1.430 8.950
MgO 1.251 1.238
MnO 0.082 0.042
CaO 0.083 0.085
NayO; 0.008 0.544
K0 2.340 1.891

Table 3: The uptake percent of copper metal onto raw and beneficiated

U (%0
Weight of adsorbent C, Beneficiated clay Raw clay
0.2 0.2 87.22 66.54
0.3 80.46 60.02
0.4 76.59 54.31
0.5 74.08 50.89
0.7 73.00 48.29
0.5 0.2 95.88 72.56
0.3 88.25 69.30
0.4 79.16 52.30
0.5 7731 51.08
0.7 76.00 52.26
0.7 0.2 97.38 77.56
0.3 90.03 68.95
0.4 85.52 62.23
0.5 81.38 60.01
0.7 79.52 58.05
1.0 0.2 98.52 80.56
0.3 92.98 71.58
0.4 88.18 68.47
0.5 87.35 66.38
0.7 86.50 65.00

Zheng et al. (2008). Maximum adsorption uptake of Cu of 96% was seen on 1.0 g beneficiated
kaolinite clay. The maximum adsorption of Cu in the Beneficiated kaolinite clay might be due
to highest contents of Al,0; (53.336 %) as seen in Table 2. Also organic- OH (11.015%) are
umportant sites for the absorption of added Cu as a result of complexation of Cu by OH 1o0ns
and a higher net negative charge. Also, the clays have high sorption sites that allow the non
exchangeable (specific) sorption of Cu.

Batch Tests-Sorption Isotherms

Results of the interpolation for Cu static sorption are presented mn Fig. 1 and Table 3.
Figure 1 shows the highest sorption capacity of beneficiated kaolinite clay for Cu
(76 mg g~"). The lowest sorption capacity for Cuwas detected on the raw kaolinite clay that
contain mainly tale clay. Also, has a high ratio of quartz, which is not favorable for
adsorption of heavy metals due to the absence of functional groups such as -OH and
-COOH. Moreover, the second contents of the raw kaolinite ¢lay tale clay which is carbonate-
free and possesses a low content of organic matter. Table 1 shows the equilibrium
concentration of Cu (II) i solution and the adsorption efficiency for various copper
concentrations after 1 h. The adsorption rate 1s dependant on adsorbent amount and initial
concentration of metal in synthetic solutions. Increases in adsorption by decreasing the
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amount of adsorbent seem to be an effect of increase in adsorption sites. Thereby it is
passable to have increased adsorption by grinding the adsorbent. For example, 95.88%
removal of copper from a 0.2 mg L™ solution was possible by applying 0.5 g kaclmite clay
whereas the similar amount of adsorbent was not enough to treat a 0.7 mg L™ copper
solution to more than about 76%. But by increasing the amount of kaolinite clay to 1.0 g it
was possible to increase the efficiency of adsorption to about 86.5% for the same solution
(0.7 mg L™ Cu). Se we would have better treatment by using excess kaclinite clay.The
experimental data for the adsorption of Cu (II) from aqueous solution onto the beneficiated
kaolinite clay were fitted to the Langmuir and Freundlich equations most commonly used. Tt
is determined that the Cu (IT) adsorption onto the beneficiated kaolinite clay fits well both
Freundlich and Langmuir isotherms. These isotherms obtained at 25°C are shown m
Fig. 1 and 2. Figure 1 and 2 indicate that complete saturation of Cu (II) ions on the
beneficiated kaolinite clay’s surface is not attained. Furthermore, the fact that adsorption is
consistent with the Freundlich and Langmuir isotherms confirms a beneficiated kaolinite clay
copper complexation and cation exchange mechanism, respectively.

The Steady State in Columns

The kinetic coefficient k,, and the adsorption capacity of the column ¢, can be
determined from a plot of In ((C/C,)-1) against effluent volume (V) at a given flow rate as
shown 1n Fig. 4. Increasing the bed depth caused more metal 1ons contacted with kaolimte
clay at the same time according to lower bed depth, so the adsorption capacity reached the

129 —e— 10cm
== 20 cm

—4— 30cm

1.0

0.8

0.6

c/c,

0.4

0.24

0.01

b 500 1000 1500

-0.2-

Fig. 3: Breakthrough model plots of Cu (IT) adsorption on the kaolinite at different bed depth
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Fig. 4: Thomas model plots of Cu (II) adsorption on the kaolimte at different bed depth
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Table 4: Thomas kinetic parameters of Cu (IT) adsomption at different bed depth

Bed depth (cm) Qoo (Mg g™ Q1 (Mg 271 kg (ml./min/mg) Removal efficiency (%) R?

10 42.08 42.34 A5 88.26 0.79
20 43.12 43.78 -lod 96.56 0.86
30 45.13 45.47 -188 98.63 0.99

equilibrium value faster as seen 1n Table 4. Also metal 1ons had more time to contact with
kaolinite for igher bed depth and therefore removal efficiency was higher. However for low
bed depth adsorption capacity was high because of the lower amount of kaolinite. In Fig. 3,
breakthrough curves are presented for Cu (IT) ions, Tt can be seen that at lower bed depth,
a steeper breakthrough curve is obtained and the breakthrough point is moved towards left
on the C/C, vs. effluent volume (V&) at a given flow rate. (adsorbent mass: 46 g for 20 em bed
depth and 20 g for 10 cm bed depth) initial concentration: 35 mg L™ and column diameter:
1.5 cm.
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