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a b s t r a c t

This study compared the removal of lead from aqueous solutions by cantaloupe peels (CP) as bio-
sorbent against cement kiln dust (CKD) as an industrial byproduct. CP and CKD were characterized 
by pH, total carbon, nitrogen, and hydrogen content, thermo-gravimetric analysis (TGA), scanning 
electron microscopy (SEM), energy dispersive spectroscopy (EDX), Fourier transform infrared 
(FTIR), surface areas and pore volume to clarify the differences of physicochemical properties. CKD 
expressed a high affinity for removal of Pb2+ in all examine conditions, while CP was significantly 
affected, which reflects dissimilarity in the retention mechanisms defendant in CKD and those pur-
sued by CP. The results were confirmed by changes in the FTIR and SEM images before and after 
sorption experiments. The experimental isotherms data were examined by Freundlich, Langmuir 
and Temkin isotherm equations. Langmuir isotherm model was more fitted to both sorbents with the 
highest correlation coefficient. The kinetic data were evaluated by fractional power, Elovich, pseu-
do-first order, and pseudo-second-order kinetic models. The pseudo-second-order kinetic model 
was found to adequately explain the kinetics and correlate with the experimental data well. The 
thermodynamic parameters revealed that the removal of Pb+2 by both CP and CKD at 298K–323 ± 2 K 
was a spontaneous and exothermic process. The results exposed that CP and CKD could be used as 
an efficient sorbent for lead removal from aqueous solution with privileges for CKD in all examine 
conditions.
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1. Introduction 

Removal of heavy metals from contaminated environ-
mental media gained great attention throughout recent 
years due to their classification as dangerous and carcino-
genic and bio-accumulation through the organism’s chain 
leading to chronic detrimental effects. Lead is one of the 
remarkable heavy metals used in many sectors and indus-
tries products. Due to its ductile and easily shaped such as 
cables, lead is used in batteries, petrol additives, chemical 
compounds, pigments, ceramics and glass productions 

[1]. Lead exposure remains to represent a serious threat to 
human health and to the environment. Lead is classified by 
the World Health Organization (WHO) as one of the haz-
ardous and non-biodegradable heavy metals posing danger 
to human and other life forms [2]. 

There are many techniques for removing heavy met-
als from contaminated environment depending on the 
chemical, physical and biological methods. The most com-
mon treatment methods used for cleaning wastewater are 
adsorption, chemical precipitation, chemical oxidation, 
coagulation, electrodialysis, ultrafiltration and reverse 
osmosis. Adsorption process is still recognized as effec-
tiveness and high-efficiency in heavy metals recovery from 
wastewater. 
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Various materials are widely used as adsorbents such 
as activated carbon, zeolites, and clay minerals. Efficiency, 
low-cost, simplicity, and eco-friendly are important factors 
affecting the selection between them. Using non-conven-
tional adsorbents such as agricultural waste and industrial 
by-product for the removal of toxic metals could be eco-
nomic and potentially important choices in water reuse and 
scarcity scenarios [3,4].

Because of its low-cost and eco-friendly characteris-
tics, biosorption technology has huge scope in wastewater 
treatment compared to other methods [5,6]. An enormous 
number of low-cost and easily available biosorbents could 
be used in the removal of hazardous wastes from aqueous 
solutions. Vegetable and fruit peels are common waste gen-
erated in the kitchen garbage and during industries pro-
cessing. Its application as biosorbents may contribute to 
solving part of the problem of agricultural waste disposal 
[7,8]. Recent studies have been focused in their capacity 
to remove dyes [9,10], organic pollutants and pesticide 
[11–14], and heavy metals [15–20] from aqueous solutions. 
Cantaloupe (Cucumis melo L.) is one of the popular fruity 
vegetable grown in Egypt and used mainly as a dessert and 
refreshing fruit. Agricultural waste such as peel is a lig-
nocellulose biomass-rich material and could be efficiently 
used as a low-cost biosorbent due to local availability and 
excellent adsorption capacity [5,7]. 

On the other hand, cement kiln dust (CKD) is a fine-
grained solid substance created as a by-product material 
in the cement manufacturing process. CKD collected by 
bag-houses or electrostatic precipitators from cement 
kiln exhaust gases and estimated to 15–20% of cement 
clinker production [21]. CKD could be used in soil stabi-
lization, waste solidification, cement additive, mine rec-
lamation, agricultural soil amendment, sanitary landfill 
liner, wastewater treatment, pavement works, and con-
crete blocks, sludge stabilizers [22]. Furthermore, CKD 
could be used effectively in removing heavy metals ions 
from solutions due to its high content of alkali oxides, 
high surface area and excellent thermal resistance [3,22–
24].

The purpose of this study is to investigate and evaluate 
lead removal by cantaloupe peels (CP) as an agricultural 
waste biosorbent compared to cement kiln dust (CKD) as an 
industrial by-product and hazardous solid waste. A com-
prehensive study of the adsorption procedure with various 
operating parameters such as initial lead concentration, ini-
tial pH, sorbent doses and contact time was conducted to 
evaluate the sorbents. Furthermore, lead sorption isotherm 
and kinetics of CP and CKD were evaluated in batch exper-
iments.

2. Materials and methods

2.1. Characterization of CP and CKD

Cantaloupe fruits were collected from a local market, 
Cairo, Egypt. The Cantaloupe peel (CP) was separated, 
washed with distilled water and cut into small pieces 
and dried at 70°C for 48 h, then crushed and sieved using 
a 0.5-mm polypropylene sieve and stored in jars. CKD 
was obtained from El-Amerya of cementplants, Alexan-
dria, Egypt. The pH of CP and CKD was measured in 

distilled water (1:2.5 H2O). Total carbon, nitrogen and 
hydrogen content in CP and CKD were determined by 
CHNS analyzer (Elementar, Vario EL, Germany). The 
specific surface area of CP and CKD were determined 
by Brunauer–Emmett–Teller (BET) equation from N2 iso-
therms at 77 K under relative pressures (P/Po) ranged 
from 0.02 to 0.3 using a gas sorption analyzer (Beckman 
Coulter SA(TM) 3100 surface area and pore size ana-
lyzer). In addition, total pore volume was estimated from 
N2 adsorption at P/Po = 0.99 [25].

Thermo gravimetric analysis (TGA) of CP and CKD were 
conducted in the Thermo gravimetric analyzer (Pyris Dia-
mond TG/DTA, Perkin Elmer, Singapore) in nitrogen atmo-
sphere (150 ml min–1) in platinum crucibles with temperature 
ranged from 30°Cto 1000°C and heating rate 20°C min–1. 

In order to Identify the functional groups composition 
for CP and CKD, Fourier transform-infrared (FTIR) spectra 
at the range 400–4,000 cm–1 using KBr pellet method was 
obtained by a Fourier transforms infrared spectrometer 
(model FT/IR-5300, JASCO Corporation, Japan).

The surface morphology of CP and CKD was exam-
ined by Scanning electron microscopy (SEM) using a Jeol 
JSM-5300 scanning electron microscope and was operated 
between 15 and 20 kV. Before the SEM examines, samples 
were gold-coated in a sputter coating unit (JFC-1100 E). 
The micrographs were recorded at various magnification 
scales using photographic techniques to characterize the 
morphology of CP and CKD. Also, in order to clarify the 
nature and element contents of CP and CKD, the analyses of 
energy dispersive spectroscopy (EDX) were used. For EDX, 
the element percentage was an average of three examined 
field. FTIR, SEM and EDX analyses were carried out before 
and after sorption experiments. 

2.2. Batch experiments

Lead sorption isotherms and kinetics on CP and CKD 
were evaluated by batch experiments. Solutions of lead 
concentrations prepared by Pb(NO3)2 that obtained from 
Merck (Germany). A 0.30 g of the adsorbent was placed in 
250 ml flask with 25 ml of 20 mg Pb/L) at ambient room 
temperature in a rotary shaker at 200 rpm. A series of batch 
studies were carried out to examine the effect of adsorp-
tion time, pH, adsorbent doses, initial concentration on lead 
sorption capacity of CP and CKD. The optimal pH values in 
the tested solution were obtained using 1 M NaOH or 0.5 M 
HCl. All of the experiments were carried out in duplicates. 
Pb2+ concentrations were measured in filtrate by using Agi-
lent 4200 Microwave Plasma-Atomic Emission Spectrome-
ter (MP–AES). 

The sorption capacity(qe) was determined by:

q
C C V

me
o e=

−( )
  (1)

where Co and Ce are the initial and the equilibrium concen-
trations in mg/L, respectively, V is the volume of solution 
(ml) and m is the amount of adsorbent used (g). The removal 
efficiency of Pb2+ from solution was calculated by:

Removal efficiency %( ) =
−( )

×
C C

C
o t

o
100  (2)
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2.3. Sorption isotherm studies

Sorption data were fitted to the following known 
adsorption isotherm models in order to determine the 
adsorption parameters [11]:

Freundlich 

qe = KF Ce
1/n (3)

Langmuir 

qe = qmax(KL Ce/1 + KLCe)  (4)

Temkin 

θ = RT/ΔQ lnKo Ce (5)

where qe (mg g–1) is Pb2+ adsorbed per gram of adsorbent, Ce 
(mg L–1) is equilibrium Pb2+ concentration in solution, KF is 
a constant related to adsorption capacity of the adsorbent 
(mg1−(1/n) L1/ng−1), n is a constant, qmax (mg g–1) is the maxi-
mum adsorption capacity of the adsorbent, KL (L mg−1) is 
Langmuir constant related to the free energy of adsorption, 
θ is fractional coverage, R is the universal gas constant (kJ 
mol−1 K−1), T is the temperature (K), ΔQ is (−ΔH) variation 
of adsorption energy (kJ mol−1), and Ko is Temkin constant 
(L mg−1).

2.4. Kinetics studies 

Four kinetic models were applied to the sorption data 
to understand the effect of time on the sorption process. 
The four equations are fractional power, Elovich, pseu-
do-first-order and pseudo-second-order models. The fol-
lowing known adsorption kinetic models [3]:

Fractional power:

qt = a tb (6)

Or by its linear form:

ln qt = ln a + b ln t (7)

where qt is the amount of Pb2+ sorbed by CP and CKD at a 
time t, while a and b are constants with b < 1. ab is specific 
sorption rate at unit time.

The semi-empirical equation Elovich:

dq
dt

qt
t= −( )α βexp  (8)

or in the integrated form 

q tt = ( ) +
1 1
β

αβ
β

ln ln  (9)

where α is the initial adsorption rate (mg g–1 min–1), and the 
parameter β is related to the extent of surface coverage and 
activation energy for chemisorption (g mg–1).

The pseudo-first-order model:

log log / .q q q k te t e−( ) = − 1 2 303  (10)

The pseudo-second order model:

t
q k q

t
q

t e e
= +1

2
2  (11)

where k1 is the pseudo-first-order rate constant (min–1), k2 (g 
mg–1 min–1) is the pseudo-second-order rate constant and qe 
(mg g–1) is the adsorption capacity at equilibrium and qt (mg 
g–1) is the amount of metal adsorbed at a given time t. 

3. Results and discussion

3.1. Characteristics of CP and CKD

Characterization of CP and CKD are recorded in 
Table 1. The pH for CP was acidic (5.24) but CKD was alka-
line (10.20). For element contents, CP was higher in total 
carbon, nitrogen and hydrogen content compared to CKD 
excluding sulfur content, it was higher in CKD (0.84%) than 
CP (0.18%). Surface area and pore volume are important 
properties that play major roles in stability and purification. 
The nitrogen BET method is a common technique for deter-
mining the surface area for its simplicity and reasonable 
forecasts with rigorous limitations [26]. Results indicated 
that the specific surface area of CKD was higher than CP 
20.98 m2/g and 0.33 m2/g, respectively (Table 1). Total pore 
volume for CKD (37.30 mm3 g–1) was higher than CP (13.9 
mm3 g–1). Properties of CKD depend upon the raw mate-
rials, plant configuration, and the preprocessing type [22].

3.2. TGA- analysis

Thermogravimetric analysis (TGA) represents the ther-
mal decomposition with increasing temperature. TGA of 
CP and CKD illustrated in Fig. 1. The initial weight loss for 
CP is approximately 17% at 200°C and can be accounted to 
moisture content and some volatile organic components. The 
second weight loss stage is extended to 336°C corresponded 
to degradation of hemicelluloses. Cellulose degradation 
occurred after hemicelluloses degradation stage when tem-
perature ranges between 336–528°C where the sample loss 
about 13% of its weight. Another 6% of weight loss occurred 
at 850°C attributed to decomposition of lignin content (Fig. 
1). TGA analysis showed that the hemicellulose (36%) is the 
easily degradable ingredient followed by the cellulose (13%) 
compared to lignin; considered as the most stable and smallest 
weight loss (6%) compound. Similar results obtained by Yang 
et al. [27], Pathak et al. [28] and Basu et al. [29]. On the other 
hand, CKD is known as thermal resistance material due to its 
composition of calcined materials and combustion by-prod-
ucts [3, 22,30,31]. TGA analysis for CKD confirmed the ther-
mal stability of CKD (Fig. 1). The dehydration of CKD reached 
7% weight loss in the first stage due to the loss of adsorbed 
water molecules. With increasing the temperature from 530°C 
to 700°C, CKD lost about 18% of its weight attributed dehy-
dration of calcium hydroxide due to the calcination of calcium 
carbonate and its conversion into calcium oxide [32,33].

3.3. FTIR analysis

FTIR technique is a successful and accurate analysis 
device to recognize the features of functional groups, change 
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in chemical compositions, interface and hence properties 
[34,35]. The FTIR spectra of the CP and CKD before and after 
the sorption of Pb ions from aqueous solutions are presented 
in Fig. 2. The FTIR spectra of CP showed the bands located 
at 3423.94 cm–1 confirmed the presence of O–H (hydroxyl) 
and N-H of amines while bands at 2927.41 cm–1 indicates the 
stretching vibrations of –CH3 or –CH2 groups [11,36]. Peak 
positions at 1733.69 cm–1 and1628.59 cm–1 accounted for C=O 
stretching of esters and carboxylate ions. The stretching 
peak at 1428.94 revealed C-H deformation of aldehydes and 
alkanes. The peaks at 1251.58 cm–1 and 1058.73 cm–1 indicate 
the presence of C-O stretching vibrations in alcohols, phe-
nols, acids, ethers, or esters [29,37]. Peaks position at 879.38 
cm–1 and 599.75 cm–1 are attributed to amine groups and C-H 
bend alkenes (tri-substituted) [11,36].

On the other hand, the FTIR spectrum of CKD shows 
peak positions at 3437.49, presence of O–H (hydroxyl) could 
be also detected at 3437.49 and 1796.37 cm–1 while the bands 
at 1037.52 and 711.60 reflect the existence of the silicate. The 
band at 2515 cm–1 is attributed to CC stretching vibration 
in alkyne group. However, the vibration related to K–O is 
observed at wave number of 611.32 cm−1 [31,33,38,39]. Slight 
shifts were observed in FTIR bands of studied sorbents 
after the sorption reaction with lead ions which confirm the 
attachment of lead ions on CP and CKD (Fig. 2). 

3.4. SEM and EDX analysis

Scanning electron microscopy (SEM) is among the 
widely used tools to investigate the surface characteriza-

tion specially lignocelluloses [40]. The textural and mor-
phological structure examination of CP and CKD were 
analyzed by SEM before and after Pb+2 adsorption exper-
iment (Fig. 3). It was observed that the surfaces of CP is 
rough and uneven and have some pores. These pores can 
play important role in adsorption of soluble and insolu-
ble pollutants with great adsorption capacity. On other 
hand, the SEM examination of CKD showed that CKD 
has the finest particle sizes as well as the highest surface 
areas. The changes between before and after adsorption 
observed in porous structure of CKD were more than 
that observed in CP. A minor softening was observed 
on edges of the pores of CP samples after the reaction 
with Pb+2, while CKD particles were covered by pre-
cipitates or complexes formation. This may denote var-
ious mechanisms for Pb+2 removals. However, the SEM 
technique has also some limitations and incapability to 

Table 1
Characteristics of cantaloupe peel (CP) and cement kiln dust (CKD)

pH % Surface area m2 g–1 Total pore volume mm3 g–1

C H N S

CP 5.24 36.02 4.31 2.04 0.18 4.61 0.33
CKD 10.20 6.35 0.19 Nil 0.84 20.98 37.30

Fig. 1. Thermo gravimetric analysis (TGA) of cantaloupe peels 
(CP) and cement kiln dust (CKD) at different temperatures, num-
bers on curves indicated weight losses percent per each stage. 

Fig. 2. FTIR spectra of cantaloupe peels (CP) and cement kiln 
dust (CKD) before and after the sorption of Pb+2 from aqueous 
solutions.
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detect trace elements in a substance unless it is equipped 
with an energy-dispersive spectroscopy (EDX). EDX 
can indicate the elemental composition with acceptable 
precision and accuracy. The EDX analysis of CP shows 
various element compositions (Fig. 4). The spectrum of 
EDX indicated peaks of Mg (1.8%), Al (1.7%), Si (2.0%), 
P (11.4%), S (2.7%), Cl (14.4%), K (40.0%), Ca (18.5%), Cu 
(3.7%) and Zn (1.8%). Compared to the spectrum of EDX 
after adsorption experiment, it was observed that peaks 
of K and Mg were reduced to 5.9% and 1.2%, respec-
tively accomplished with the presence of Pb (5.1%). This 
reduction could suggest that ion exchange involved in 
the removal of lead by CP from aqueous solution [29]. 
The EDX analysis of CKD shows the presence of high 
content of calcium (Fig. 4). For CKD, EDX analysis obvi-
ously indicated the high calcium contents (80.5%). The 
EDX spectrum of CKD showed peaks of Mg (0.4%), Al 
(0.7%), Si (3.8%), S (2.1%), Cl (5.3%), K (3.5%), Ca (80.5%), 
Fe (1.9%), Cu (1.3%) and Zn (0.8%). The EDX analysis of 
CKD after the lead removal experiment also shows the 
reduction of K and Mg peaks to 0.7% and 0–0.1% respec-
tively accomplished with the presence of Pb (0.8%) (Fig. 
4). Moreover, the EDX spectrum of CKD after the lead 
removal experiment showed an increase in Ca peaks 
(88.5%) in the surface of inspected samples that may 

be suggested more mechanism than ion exchange is 
involved in lead removal by CKD.

3.5. Lead removal by CP and CKD

Removal of Pb+2 from aqueous solution by CP and CKD 
with time, adsorbent dose, initial concentration and initial 
pH is presented in Fig. 5. Removal of Pb+2 by CP increased to 
reach 80.2% after one hour and continues to increase to 92.2% 
after 9 h then tended to decrease with time to 34.6% after 48 h 
(Fig. 5a). This shifting in removing trend to decrease could be 
result of the decomposition of CP material. Saleh et al. [36] and 
Adelagun et al. [41] obtained similar trend with agricultural 
residual and unmodified biosorbents accomplish with increas-
ing of dissolved organic carbon (DOC) released from sorbent 
materials. On other hand, CKD showed a strong affinity of 
removing Pb+2 (more than 99%) after 5 min of the removal 
reaction and showed stability and did not affect with increas-
ing of reaction time (Fig. 5a). The strong affinity of removing 
Pb+2 by CKD (more than 99%) was also observed with increas-
ing mass dose (Fig. 5b), the initial concentration (Fig. 5c) and 
initial pH (Fig. 5d) and did not affect of with changing of their 
rates. This high affinity could be explained by high calcium 
carbonate and calcium oxide contents, surface area, oxide con-

Fig. 3. SEM micrographs of cantaloupe peels (CP) and cement kiln dust (CKD) before and after the removal reactions of Pb+2 from 
aqueous solutions.
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tent and reducing metal solubility which enhanced sorption 
and/or precipitation [3,24,30,42,43]. On the other side, CP 
showed increasing in removal percentage from 80.70 to 94.92 
with increasing of mass load from 0.01 g to 0.6 g (Fig. 5b) and 
decreased in removal percent from 95.00 to 81.03 along with 
increasing the initial concentration from 5 to 100 mg L–1 (Fig. 
5c). As the initial pH increased, the lead removal percentage 
by CP reached its maximum value (95.4%) at pH 4.0 (Fig. 5d). 
However, Basu et al. [29] and Abbaszadeh et al. [44] reported 
a similar pattern of lead adsorption, but reaching an optimum 
value at pH value equal to 5.0 for cucumber and papaya peels.

3.6. Sorption isotherms 

The lead sorption isotherms of CP and CKD were eval-
uated by Freundlich, Langmuir and Temkin (Table 2). The 

lead sorption by CP and CKD was fitted to the Langmuir 
and Freundlich isotherm equations, respectively (Figs. 5e 
and 5d). The sorption curve was more closely to Langmuir 
equation, compared by R2 values to distinguish how to esti-
mate model close to experimental data. The R2 for CP was 
founded to be 0.956 and 0.995 for Freundlich and Langmuir 
models, respectively, while the corresponding values for 
CKD were 0.915 and 0.939, respectively, and significantly 
at level P = 0.01 (based on Pearson’s error). The maximum 
sorption capacity of CKD for Pb2+ (42.37 mg g−1) was signifi-
cantly higher than CP (22.27 mg g−1) (Table 2).

3.7. Kinetics studies 

The experimental kinetic data were fitted to fractional 
power, Elovich, pseudo-first, and pseudo-second-order 
equation. The kinetic parameters are shown in Table 3. As 
compared by value of the determination coefficient (R2), the 
pseudo-second-order model is the highest value (R2 > 0.99), 
fitted to the adsorption kinetics of Pb+2 onto CP and CKD and 
significantly at level P = 0.01 based on Pearson’s Error (Fig. 
6). Furthermore, experimental qe values are very close to those 
calculated for the pseudo second-order kinetic model with 
high value for CKD than CP. That may support the sugges-
tion of the adsorption process is most likely chemisorptions 
[45,46]. According to metal ions adsorption theory, removal of 
Pb+2 could be explained by different mechanism: electrostatic 
interaction with negatively charged surface functional groups 
(cation exchange), specific metal–ligand complexation relat-
ing to surface functional groups of sorbents, and/or physical 
sorption controlled by surface area and porosity [3,36,46].For 
CP, ion exchange may play important role in removal of lead, 
indicating by the reduction of K and Mg accomplished with 
increasing of Pb percent in the spectrum of EDX after adsorp-
tion experiment (Fig. 4). Similar results reported by Basu et 
al. [29]. On the other hand, CKD results confirmed that dif-
ferent mechanisms control the removal process, supported 
by increase in Ca peaks in EDX spectrum and agglomerates 
form in SEM images after adsorption of CKD (Fig. 5). The cal-
cium carbonate, calcium oxide contents, as well as high alka-
linity attributed to removal of Pb2+ by CKD mechanisms and 
enhanced sorption (electrostatic ion exchange and complex 
reactions) and/or precipitation [3,24,43].

3.8. Thermodynamic studies 

The thermodynamic parameters, the Gibbs free energy 
(ΔG°), the enthalpy change (ΔH°) and the entropy change(ΔS°), 
for the adsorption process of Pb2+ by CP and CKD from aque-
ous solutions in the temperature range of 298K–323±2 K 
were estimated using the following equations [19,47]:

ΔG° = –RT ln Kc (12)

ΔG° = ΔH° – T ΔS° (13)

where R is gas constant (8.314 J/mol K), Kc is the equilib-
rium constant and T is the absolute temperature (K). The Kc 
value is determined using Eq. (14):

K
q
Cc

e

e
=  (14)

Fig. 4. EDX spectrum of cantaloupe peels (CP) and cement kiln 
dust (CKD) before and after the removal reactions of Pb+2 ions 
from aqueous solutions.
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where qe and Ce are the equilibrium concentration of metal 
ions on adsorbent (mg/g) and in the solution (mg/L), 
respectively. The well-known van’t Hoff equation is 
obtained by substituting Eq. (13) into Eq. (15).

ln K
G

RT
H

RT
S
Rc

o o o
= − = − +

Δ Δ Δ
  (15)

The calculated values of ΔG°, ΔH°, and ΔS° are given in 
Table 4. The negative ΔG° values indicate that the process is 
thermodynamically feasible, spontaneous and correspond-
ing to a chemical process and virtually complete under just 
any reasonable set of conditions for the removal of Pb2+ 

by CP and CKD. Besides, the decrease in ΔG° values with 
increase in the temperature shows a decrease in feasibil-

 

 

 

Fig. 5. Lead removal by cantaloupe peels (CP) and cement kiln dust (CKD). Removal percent with (a) time (min), (b) mass dose (gm), 
(C) at different initial lead concentrations and (d) with at different pH, (e) Lead adsorption isotherm regression using Freundlich 
equation and (f) Lead adsorption isotherm regression using the Langmuir equation; ** significance (p < 0.05, based on Pearson’s Error).
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ity of sorption at higher temperatures. The negative value 
of ΔH° pointed out that the nature of adsorption process 
is exothermic. The negative ΔS° value echoes a decrease in 
the randomness at the solid/solution interface during the 
removal process of Pb(II) ions onto CP and CKD.

4. Conclusions

This study investigates and compares the removal of 
Pb2+ by CP and CKD. The results indicate the strong poten-
tial of CKD for removing Pb2+ from aqueous solutions in 
different circumstances (adsorption time, pH, adsorbent 
dose, initial concentration) in comparison to CP. The high 
efficiency of CKD could be explained by its high lime con-
tent, surface area, oxides content, and reducing metal solu-
bility owed to enhanced sorption and/or precipitation. CP 
showed remarkable behaves in the removal of Pb2+ closed to 
CKD, but tend to decrease with time as a result of decompo-
sition of CP and release of dissolved organic carbon. Time, 
pH, adsorbent dose and initial concentration, independence 
of Pb2+ removal by CKD may reflect differences in retention 
mechanisms defendant in CKD and those pursued by CP 
and this was confirmed by EDX results. The Langmuir iso-
therm model provided the best fitting to describe the lead 
sorption isotherm on CP and CKD. The pseudo-second-or-
der kinetic model fits very well with the dynamic behavior 
for the removal of Pb2+ by CP and CKD. The thermody-
namic studies showed the feasibility, spontaneous and exo-
thermic nature of the sorption of Pb2+ onto CP and CKD in 
the temperature range of 298K to 323±2 K.
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