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Abstract

Adsorption of lead (II) ions from aqueous solutions on low cost adsorbent prepared from coconut shell modified with
polysiloxane was studied experimentally. The adsorption Kinetics and thermodynamics were also investigated in batch
experiments considering the time and temperature range of 5-20 minutes and 20-80 °C respectively. The removal efficiency
(99.9%) of lead (11) ions was obtained at pH 8.0 and 20 minutes contact time. Pseudo-first order, pseudo-second order, Elovich
and Intraparticle diffusion were employed to describe the rate of adsorption process, and the potential rate-controlling step on
the adsorbent surface. This indicated that the pseudo-second order fits the data better. Thermodynamic parameters such as
Gibb’s free energy (AG®), Enthalpy (AH®), Entropy (AS®) and Activation energy (Ea) for the adsorption process were evaluated
as -22.462 kJmol?, -25.142 kJmol?, -8.131 kJmol*K! and -57.341 kJmol respectively. These values show that the adsorption
of lead (1) ions on MCSAC was exothermic and spontaneous in nature.

Keywords: adsorption kinetics, thermodynamics, lead (ii) ions, activated carbon from coconut shell, modification with

polymer

1. Introduction

Heavy metals are released into the environment by both
natural and anthropogenic activities such as mining, milling,
quarrying, smelting operations, other industrial activities,
domestic and agricultural use of metals and metal
compounds. Other sources of heavy metal contamination
into the environment are through metal corrosion,
atmospheric deposition, soil erosion of metal ions and
leaching [, Their occurrence and depositions in high
concentration from various manufacturing processes has
created a serious environmental issue that are detrimental to
the ecosystems through bioaccumulation in organisms,
plants, animals, and food chain, causing toxic effects on
living organisms and man.

One of the heavy metals considered toxic to humans,
animals, fishes and environment is lead. In light of the
report by [?, the major sources of lead released into the
environment are from metal finishing industries, paint
manufacture, electroplating,  metallurgical  industry,
petroleum refining, fuel combustion, photographic
materials, lead-acid battery manufacture and drainage from
ore and mines. Drinking water delivered through lead pipes
or pipes joined with lead solder may contain lead [l
However, the disposal of lead wastewater without proper
treatment is a big challenge and has caused harm to the
aquatic environment, such as cancer, accumulative
poisoning, nervous system damage, lowering of the
reproductive activities of organisms, inhibition of growth,
cardiovascular and neurological diseases as well as death in
most living beings ™. Therefore, it must be removed from
municipal and industrial effluents channeled into the
environment using the conventional methods such as;
chemical precipitation, filtration, ion exchange, reverse

osmosis, sedimentation, solvent extraction, ultra-filtration,
electrochemical deposition, coagulation and adsorption [ €,
Due to low biodegradability of the metal wastes, the
conventional biological wastewater treatment methods
stated above may not always be economically suitable
because of their been expensive, time consuming, differ in
efficiency, and can generate toxic sludge while some
requires higher energy in treating. It is therefore necessary
to search for low cost alternative techniques that may be
effective, superior, economical, simple to design, ease of
operation, sludge free, and non-toxicity of the utilized
adsorbents "1, Thus, adsorption technique, which is based on
the transfer of pollutants from the solution to the solid
phase, is a great demand 892,

Activated carbon, a widely used adsorbent in industrial
Processes is preferred and more viable option for removal of
lead from wastewater. it is composed of a microporous,
homogenous structure with high surface area and shows
radiation stability ['%. In the course of exploring effective
and low-cost activated carbon, many adsorbent from
agricultural by-products have been applied for the removal
of lead (Il) ions such as activated carbon from the
precursors; palm karnel shell M, Date pit 2, thevetia
neriifolia nutshell 131, rice husk [4 Nano-silver coated
activated carbon [*°1, Cedar leaf 6], plaintain peels ],
eggshells 1281, coconut husk 1, coconut shell 20211,

Coconut shell activated carbon (CSAC) is an attractive and
economic alternative adsorbent utilized in this study, it was
modified with immobilized polysiloxanes, to increase the
functional group and improve selective properties of
coconut shell to adsorb the heavy metal, Pb (1) ions through
the formation of coordination compound between them [
221, Hence, the applicability of this modified coconutshell
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Activated carbon (MCSAC) in removal of lead (Il) ions
from aqueous solution was investigated. The effect of
temperature, time as well as fitting of adsorption data into
various kinetic and thermodynamic equations was studied.

2. Material and Methods

2.1 Materials and Instruments

All the reagents used in this work was of analytical grade;
lead nitrate, Pb (NOs), (99 % Labosi, India), 0.1N NaOH,
and 0.1IN HCI. The instruments used was Flame Atomic
Absorption Spectrophotometer FS240AA Agilent U.S.A.,
Buck scientific M530 USA FTIR was used for the analysis,
and SEM-Phenom ProX by Phenom World Eindhoven,
Netherlands.

2.2 Methods

2.2.1 Preparation of Coconut shell activated carbon
(CSAC)

Coconut shells were thoroughly washed with sponge and
clean water severally to remove dirt and subsequently oven-
dried at 105 °C for 5hr. The dried shells was crushed into
smaller pieces for easy activation. And was loaded into a
heat chamber of electric heat muffle furnace to pyrolyse in
the absence of air, at temperature raised to 650 °C for 1.30
min, then the furnace was switch off. The substance was
kept to cool overnight, after that, the activated carbon was
collected, grounded and sieved to fine particles, then stored
in air tight container for further use [,

2.2.2 Preparation of urea immobilized polysiloxane
Tetraethoxysilane (20.83g) was mixed with 15 cm® of
methanol and 9.95 cm?® of HCI (0.42 g/cm?®) and stirred very
well. 3-chloropropyltriethoxsilane was then added to the
mixture and stirred. Gelation occurred after few seconds,
and the product was allowed to stand for 12 h, at ambient
temperature (room temperature) and then dried in an oven at
90°C. The dried product was grounded, sieved, and washed
successively with 50 cm?® portions of 0.025 g/cm® NaOH,
water, methanol and diethylether. It was dried again in an
oven at 90°C for 10 h. The product (1.0g) was refluxed with
0.98 g of urea in 50 cm?® of toluene at 110°C for 10 h. After
which, it was allowed to cool, filtered, and washed with
equal portion of 50 cm?® water, methanol, and diethyl ether,
and dried at 90°C and 1 atm. for 10 h 23],

2.2.3 Modification of activated carbon (CSAC) with urea
immobilized polysiloxane

The method described by @ was employed; 0.5g of the
prepared urea immobilized polysiloxane was added to small
quantity of de-ionized water. 20g of the activated carbon
was added and mixed properly. The mixture was dried in an
oven at 50 °C at 150 rpm for about 45 min. After which, the
modified coconut shell activated carbon (MCSAC) was
formed and ready to be used for the adsorption experiments.

2.3 Characterization of Modified coconut shell activated
carbon (MCSAC).

In order to detect the functional groups present in MCSAC.
The Fourier Transform Infrared Spectrometer (FTIR) were
analysed in spectral range of 4000-600 cm-1. The surface
morphology of the MCSAC was analyzed by scanning
electron microscopy (SEM) at an accelerating voltage of 15
kV. Also, with EDX analysis to study the elemental
composition of the MCSAC.
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2.4 Preparation of 1000 ppm Pb (NOs)2 stock solution
Stock solution was prepared using analytical grade lead
nitrate, Pb (NOs)2 (99 % Labosi, India). To prepare 1000
ppm of Pb(NOs),, 1.599g of Pb(NOs3), was weighed and
then dissolved in 100 cm? of distilled water and made up to
the mark of 1000cm?® standard volumetric flask. 0.1 N HCI
and 0.1 N NaOH were used for pH value adjustment.

2.5 Batch adsorption experiments

Batch experiments were carried out to study the kinetics and
thermodynamic ability of adsorb Pb (II) ion onto modified
coconut shell activated carbon (MCSAC). For Kkinetic
studies, 10 ml of 200 mg/I of Pb (I1) solutions with pH value
8.0 was transferred to a conical flask containing 0.2 g of
MCSAC adsorbent. The solution was shaken at 100 rpm in a
Gemmy orbit shaker (model: VRN-480, USA) for different
interval time (5, 10, 15 and 20 min) at temperatures 20 °C
and 40 °C. And thermodynamic studies was carried out
using the same volume of 200 mg/Il of Pb (Il) solution and
same amount of adsorbent at different temperatures of 20
°C, 40 °C, 60 °C and 80 °C for 15 minutes to establish
equilibrium condition. After filtration, the aliquots of the
supernatant solutions were withdrawn and analyzed using an
atomic absorption spectrophotometer (FS240AA Agilent
U.S.A).

The amount of lead ion adsorbed per unit mass of the
adsorbent (amount adsorbed in mg/g), q. and (%) removal
was evaluated using the following equations:

(Ca— Eg) ¥

g, = )

(Ep— Cal

34 Removal = - X100 2)

o

Where; Co is the initial ion concentration in mg/l, Ce is the
metal ion concentration at equilibrium in mg/l, V is the
volume of metal ion solution in litres, and W is the weight
of adsorbent used in gram.

2.6 Adsorption Kkinetics

Kinetic models are time dependent models that can be used
to examine the rate of adsorption process and the potential
rate-controlling step on the adsorbent surface ?* 2. In order
to analyze the adsorption kinetics of lead (II) ions, the
pseudo-first order, pseudo-second order, Elovich equation
and intra-particle diffusion, were applied to the
experimental data. A simple kinetic form of the equations
are given as:

2.6.1  Pseudo-first-order: The pseudo first order
kinetic model %1, was given by the linear equation

log(q, — q.) = logq, — 7 2-(t) )

Where ge and g: are the amount of metal ion adsorbed
(mg/g) at equilibrium and time, t, respectively. K; is the
first-order reaction rate constant (min). A plot of log (Qe-)
versus t, gives a linear relationship, from which the value of
K1 and g can be determine from the slope and intercept 28],
2.6.2  Pseudo-second-order: The linear form of the
pseudo second order kinetic rate is given as [?7):
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Where ¢ is the amount of adsorbate adsorbed per unit mass
of adsorbent at equilibrium (mg/g), q: is the amount of
adsorbate adsorbed at contact time t (mg/g) and K is the
pseudo-second-order rate constant (gmg™min?). A plot of
t/q: versus t gives a linear relationship, from which g. and K;
can be determined from the slope and intercept [?81,

2.6.3  Elovich model: This model describes the kinetics
of chemisorptions. It was first developed to described the
chemisorptions of gas into solids I, and also valid for
heterogenous surface systems. The linear form of the
equation is expressed as:

1 1
q. = Eln(a:ﬁH z In() (5)

Qt denotes the quantity of lead (1) ions adsorbed (mg/g) at
any given time. Where o (min/mg/g) and  (g/mg) are the
Elovich constants obtained from the slope and intercept of
the linear plot of g versus In (t).

2.6.4  The intraparticle diffusion model: This model is
based on the theory reported by researchers B9, to identify
the diffusion mechanism and rate controlling steps affecting
the Kinetics of adsorption 3. According to this theory, the
adsorbate uptake gt varies almost proportionally with the
square root of the contact time, t*2 rather than t, as shown in

Eq.(6).

q. = Kid'[tji + 1 (6)

Where | (mg/g), is the constant which is proportional to the
boundary layer thickness and Kis (mg/g min*?) is the
intraparticle diffusion rate constant. Both can be obtained
from the intercept and slope of the plot of g; versus t*/2

2.7 Thermodynamic study of adsorption

Thermodynamic parameters like adsorption heat and
enthalpy change play an important role in predicting
adsorption behavior and they are strongly dependent on
temperature 2. Thermodynamic parameters evaluated for
lead (I1) ion adsorption onto MCSAC are the Free energy
change (AG), Enthalpy change (AH) and Entropy change
(AS). These parameters were calculated using the following
equation 331,
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AG =-RTlInke @)

Where ke = g./Ce; ke is the thermodynamic equilibrium
constant (1/g); ge is the amount or concentration of lead ion
adsorbed per unit mass of the adsorbent (mg/g); Ce is the
equilibrium concentration of Pb?* in solution (mg/l); R is the
universal gas constant (8.314 Jmol'K?); T is the
temperature in Kelvin (K). Also, from the first law of
thermodynamic;

AG = AH - TAS ©)

Substituting equation (7) into equation (8), and re-arranging
the them gives;

Inke = -AH/RT + AS/R 9)
The values of AH and AS were determined from the slope
and intercept of the plot of Inke versus 1/T. That is, Slope =
AH/R and intercept = AS/R. Gibb’s free energy change of
sorption (AG) was calculated using equation (13).

2.8 Statistical analysis
Data was analyzed using Microsoft Excel 2007.

3. Results and Discussion

3.1 Characterization of activated carbon

3.1.1 Fourier Transform Infrared Spectroscopy (FTIR)
Functional groups of adsorbents not only affect the
adsorption behaviour, but also dominate the adsorption
mechanism B4, From Figure 1.0, FTIR of the MCSAC
showed a strong, broad absorption band at 3879.178 and
3231.759 cm* due to the O-H stretching and inter-molecular
bending frequency. The C-H stretching vibration at
3031.678 — 2970.288 cm™* indicates the presence of alkane
(sp3) stretching vibration functional group. The stretch
vibrations of C=0 in ketones and aldehydes in the range of
1869.205-1702.776 cm™, which may be attributed to
aliphatic ketones, aldehydes and carboxylic esters that
formed. The peak found at 2178.303-2089.274 cm™*
corresponds to the C=N stretching vibration of the cyanates
of nitrile groups. The C=C stretching vibrations at 1609.396
cmt is assigned to alkenes and aromatic stretching vibration
functional groups. The C-O-C and C-O groups at 1133.473-
931.543 cm? indicates the stretching vibrations of
carbohydrates. The The peak at 727.0389 cm™ in the
adsorbent corresponds to the strong C-H and C-ClI bend of
the aromatic bonds alkenes and halogeno compounds.

350 iy 2808 2000
e b (1)

Fig 1: FTIR spectrum of MCSAC
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3.1.2 Energy Dispersive X-ray Spectroscopy (EDX)
Analysis

The elemental composition of the adsorbent (MCSAC) was
determined based on the fundamental principle that a unique
atomic structure allowing unique set of peaks on it X-ray
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emission [*°, From the Table 1.0 shown below, the major
elements present in MCSAC are C, Ta and O while the
minor elements are N, Na, F, Si, CI, P, S, and Al. Also, it is
observed that Carbon (C) is the dominant with atomic and
weight concentrations of 95.75 and 87.17 respectively.

Table 1: Elemental composition of adsorbent

Elemental composition (%6)
Adsorbent Element | Element Element Atomic | Weight
Number | Symbol Name Conc. Conc.
6 C Carbon 95.75 87.17
73 Ta Tantalum 0.60 8.26
8 0 Oxygen 2.53 3.07
7 N Nitrogen 0.76 0.81
11 Na Sodium 0.10 0.17
MCSAC 9 F Fluorine 0.09 0.13
14 Si Silicon 0.04 0.09
17 Cl Chlorine 0.03 0.09
15 P Phosphorus 0.04 0.09
16 S Sulfur 0.03 0.08
13 Al Aluminium 0.02 0.05

3.2 Adsorption kinetics

To further study the mechanism of adsorption process, the
earlier mentioned kinetic models were applied
simultaneously. The results are listed in Table 2.0. Negative
differences (values) of equilibrium adsorption capacity (qe-
g:) between the experiment and calculation was observed,
indicating a poor pseudo first-order fit to the experimental
data. And examination of the data shows that the pseudo-
first-order kinetic model is not applicable to Pb (Il)
adsorption onto MCSAC at both different temperatures

(293K and 313K). However, the adsorption rate constants
(k1 and k) of pseudo-second order at different temperatures
of 20 °C and 40 °C respectively in Table 2.0 shows that its
rate constants of adsorption decreases with the increasing
temperature, which reveals that this adsorption may be
controlled by physical adsorption. Pseudo-second order
show greater correlation coefficient (R>=1) at 20 °C and
(R?=0.9981) at 40 °C than that of other models. This shows
the applicability of the second-order kinetic model over
other models as seen in Table 2.0 and Figure 2.0.

Plot of t/qt versus t

y = 0.0007x +0.00/

0.0150
-

eE."ﬂ 0.0100 R2=0.
| =

'E 0.0050

T 0.0000

S,

- 0 5 10

Time (min)

y = 0.0006x + 5E-05

R2- 1 ® 293K

B 313K

15 20 25

Fig 2: Pseudo-Second-Order kinetic plots for the adsorption of Pb (11) at 20 °C (293K) and 40 °C (313K) onto MCSAC

Plot of qt versus In(t)

2000.00
*—o—00

1500.00

I =
y=5.1991x+1666.6,, _
) 1000.00 R? - 0.6441 y=28.648x+1320.1
E_ - R*=0.1914 ® 293K
T 500.00 m 313K
0.00
0.000 1.000 2.000 3.000 4.000

In(t)

Fig 3: Elovich model plots for the adsorption of Pb (1) at 20 °C
(293K) and 40 °C (313K) onto MCSAC

Plot of gt versus t1/2
2000.00
—eo—o 9
__ 1500.00
= g
tE“'-' 1000.00 y=3.2597x+1667.9y = 20.593x +1318.2
- . R?=0.649 R2=0.2536 ® 293K
&
500.00 m 313K
0.00
0.000 1.000 2.000 3.000 4.000 5.000
t1/2

Fig 4: Intraparticle diffusion plots for the adsorption of Pb (l1) at
20 °C (293K) and 40 °C (313K) onto MCSAC


http://www.chemicaljournals.com/

International Journal of Chemical Science

Table 2: Kinetic adsorption parameters for Pb (I1) ions onto
MCSAC adsorbents

Temperature Pseudo-first order kinetic model constants
(K) k (g/mg. min) |g. (mg g%)| R? Equations

293 0.0072 1666.7 [1.0000 t/q; = 0.0006t + 5e-05

313 0.0016 1428.6 [0.9981 t/q; = 0.0007t + 0.0003
Temperature Elovich model kinetic model constants

(K) o (mg/g.min) | B (g/mg) | R? Equations

293 3.16e+138 5.1991 [0.6441g, = 5.1991In(t) + 1666.6

313 3.59e+18 28.648 |0.1914|q; = 28.648In(t) + 1320.1]
Temperature Intraparticle diffusion Kinetic model constants

(K) Kis (mg/g min*?) I R? Equations

293 3.2597 1667.9 [0.649| g, = 3.2597t"% + 1667.9

313 20.593 1318.2 [0.2536| g; = 20.593t'2 + 1318.2

3.3 Thermodynamic study

The effect of temperature was investigated in the
temperature range 20 °C to 80 °C, and from Table 3.0, the
amount of Pb (Il) ions adsorbed (ge) decreased from
1687.75 mg/g to 1656.10 mg/g as the temperature increased
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From 293K to 353K, indicating that the uptake of Pb (II)
ions onto MCSAC adsorbent decreased as the operating
temperature increases. Figure 5.0 shows Van’t Hoff plot [36],
from which AH® and AS° in equation (9) were obtained
using the values of the equilibrium constants obtained at
various temperatures as shown in Table 3.0. The negative
value of AG° at elevated temperature indicates the
spontaneity of the process, and shows that the adsorption is
highly favorable for Pb?* ions and progresses more
favorably at higher temperature due to a greater driving
force of adsorption [¥]. The more the negative value of AG°
the higher the adsorption driving force and the increase of
these values with the increase of temperature indicates a
lower adsorption at higher temperature B¢, The negative
values of AH° indicated that adsorption process was
exothermic. Similarly, the negative value obtained for AS°
shows the decrease disorder and randomness at the

MCSAC/solution interface during the adsorption process [
24]

Table 3: Thermodynamic Parameters of Pb (1) ions adsorption by MCSAC

Fig 5: Plot of In ke versus 1/T for the adsorption of Pb (I1) ions
onto MCSAC

3.4 Activation energy (Ea)

This is the minimum amount of energy which the reactant
molecules must possess to initiate a chemical adsorption (81,
This can be determined from the Arrhenius equation
expressed in linear form as given below:

= _ fa
Ink = o T InA (10)

where A (g/mg min) is the Arrhenius constant, it is also
known as frequency factor; Ea (J/mol) is the activation
energy; Kk is the pseudo-second order rate constant, T (K) is
the temperature of the solution; and R (8.314 J/mol K) is the
ideal gas constant.

At various temperatures, activation Energy can be
determined from the slope of the straight line of plotting Ink
versus 1/T. Activation energy can also be calculated directly
given two known temperatures and a rate constant at each
temperature. We can write equation (12) at two given

temperatures T1 and T, as well as the rate constant ks; and
ks, [39, 40]-

Temp Qe ke AG° AH° AS°
w | W | Ce g LoD Inke I mol) | (Kamol®) | (3 moliKY)
293 | 0.0034 | 0.167 | 1687.75 | 10106.287 | 9.2209 -22.462 -25.144 -8.137
313 | 0.0032 | 0.211 | 1685.55 7988.389 8.9857 -23.383
333 | 0.0030 | 0.632 | 1664.50 2633.703 7.8761 -21.806
353 | 0.0028 | 0.800 | 1656.10 2070.125 7.6354 -22.409
9.5000 Ea
¥ =3024.3x-0.9787 4% Ink 1 = T RmT. + Ind (11)
9.0000 R? = 0.9146) *
£.5000
£ En
= i Iinks,= — —+1Ind (12)
8.0000 # Series1 = BT,
s ‘
7.5000 h
' Substracting equation (12) from (11) gives;
7.0000
0.0020 0.0023 0.0026 0.0028 0.0031 0.0034 0.0037 0.0040 inﬂ — E_ﬂ(i _ i) (13)
Temper ature inverse (1/T) k3, R \T, T,

Where, ks; and ks2 represent the pseudo-second order rate
constant at 20 °C (T,) and pseudo-second order rate constant
at 40 °C (T) respectively.

The above equations expresses the dependence of
adsorption rate constant on temperature. From Table 4.4, the
adsorption rate constants decrease from 0.0072 to 0.0016
g/gm.min with increasing temperature from 20 °C to 40 °C.
And according to 1, if the Ea value is less than 40 kJmol*
the activation energy will be low, the reaction will be faster
and physical adsorption, but when the Ea value is ranged
from 50-800 kJmol?, the activation energy is higher and
slower in chemical adsorption 142,

For the Pb (I1) ions adsorption on MCSAC in this study, the
apparent activation energy of the pseudo-second order
kinetic model is obtained to be -57.341 kJ molt. And the
apparent rate constant (k) decreased with increasing
temperature as seen in Table 3.0. However, the activation
energy (Ea) is less than 40 kJ mol* which shows that this
adsorption process is slow and exothermic. The negative
activation energy also indicates that energy barriers are
absent in the adsorption process, and when temperature is
raised the colliding molecules are separated quickly far
apart from capturing one another 3 401 Also, according to
report by [l sorption processes exhibiting negative
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activation energies are exothermic and proceeds at lower
temperatures. As the temperature is increased, the adsorbate
species solubility increases, and consequently causing the
force of interaction between the adsorbate and solvent
stronger than those between adsorbate and adsorbent. As a
result, the adsorbate is more difficult to adsorb 4. Hence,
the low value of the activation energy (Ea << 40 kJ/mol)
indicated that the adsorption process of lead (II) ions onto
MCSAC is physical adsorption and rate-limiting step 41,

Table 4: Activation energy for adsorption of heavy metal ions and
other adsorbate molecules onto various low cost adsorbents

Adsorbent Adsorbate Ea (kJmol-1) |Reference
Laterite nickel ores Pb (11) 7.6 145]
Peanut shell Ph(11) 42.4 1461
Albizia lebbeck pods Ph(11) 33.161 1471
Alluvia soil Ph(11) -38.33 1571
Polymer-modified .
e shell Pb(I1) -57.341  |This study
Cation exchanger
derived from tamarind Cu (Il 10.84 18]
fruit shell
Peanut shell Cu (Il 17.02 149
Aluminum oxide Fe (Ill) 25.29 150]
nanopowder
Wineyard pruning cr(i) 15.65 51
waste
Walnut hull Cr (VI) 102.78 152]
Chitosan |nt_erca_|ated Methyl orange 1635 53]
montmorillonite
Resin D301 Glyphosate 83.11 1541
Eggshell Powder Brilliant Green Dye -15.88 155]

4. Conclusion

Investigation of the potential effect of the improved coconut
shell activated carbon (MCSAC) was studied. The FTIR
showed some functional groups such as hydroxyl,
carboxylic, carbonyl, nitrile, aliphatic and aromatic
compounds that was added to improve the adsorbent
physical properties 6. The EDX analysis showed that
Carbon (C) is the dominant element of the adsorbent with
atomic and weight concentrations of 95.75 and 87.17
respectively as shown in Table 4.0. The equilibrium results
obtained agreed with the findings that the effectiveness of
Pb (1) ion adsorption under optimized conditions
(concentration 200 mg/l, contact time 15 min, dosage 0.2
g/10ml, temperature 20 °C, pH 8) strongly dependent on the
quality improvement of the adsorbents. Also, from Table
12.0, the amount of Pb (Il) ions adsorbed (ge) decreased
from 1687.75 mg/g to 1656.10 mg/g as the temperature
increased from 293K to 353K, indicating that the uptake of
Pb (1) ions onto MCSAC adsorbent decreased as the
operating temperature increases. Thus, The results support
that an improved coconut shell activated with inorganic
polymer has the potential to be developed into an effective
adsorbent for the removal of lead from effluent and
contaminated water. The experimental data indicate that the
process follows pseudo-second-order kinetics model. The
thermodynamic data indicate that the processes is
spontaneous, slow and exothermic over range of
temperature. The values of enthalpy (AH), Gibb’s free
energy (AG), entropy (AS) and activation energy (Ea)
indicate that the adsorption process is physical sorption.
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