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ab s t r ac t
The aim of this study is to investigate the efficiency of the carbonized walnut shell (CWS) as adsor-
bent on the removal of Pb(II) from an aqueous solution. Walnut shell was carbonized in a 500°C 
heated oven passing N2 and then characterized by using Brunauer–Emmett–Teller (BET), scanning 
electron microscopy and Fourier transform infrared spectroscopy (FT-IR). The specific surface area 
of the sample is 431.99 m2/g. Adsorption of Pb(II) by various batch experimental conditions such as 
pH (1.2–6), temperature (26°C, 37°C and 45°C), adsorbent dose (0.4, 0.8, 1 g/L) and metal ion concen-
trations (50–150 mg/L) was investigated. The maximum adsorption capacity of CWS was obtained as 
120.48 mg/g. Three empirical adsorption models (i.e., Langmuir, Freundlich and Temkin) were used 
for the evaluation of the adsorption equilibrium data. The equilibrium data fitted very well with all 
of the investigated isotherm models. The adsorption results were also investigated in terms of kinetic 
and thermodynamic. The kinetic studies showed that the better applicability for the adsorbent was 
the pseudo-second-order model. The thermodynamic parameters, such as Gibb’s free energy change 
(ΔG°), standard enthalpy change (ΔH°) and standard entropy change (ΔS°), were also evaluated. The 
results of the thermodynamic parameters (ΔG° < 0, ΔS = 40.81 J/mol/K, ΔH° = 9.45 kJ/mol) showed that 
the adsorptions were spontaneously endothermic reactions.
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1. Introduction

The rapidly growing industrialization and the produc-
tion with an increasing consumer demand have led to heavy 
metal emissions. Heavy metals are generally recognized as a 
threat toward human health and ecosystems because of their 
high environmental pollutant and toxic and carcinogenic 
characteristics [1]. Among all the heavy metals, lead is a car-
cinogenic and non-biodegradable substance, and it is com-
monly used in many industrial applications such as textile, 
petroleum refining, tanneries, storage battery manufactur-
ing, fuels, explosive manufacturing, photographic materials, 
coating, aeronautical, automobile, mineral processing and 

steel industries [2]. These industries may lead to contamina-
tion of the surface and ground water with Pb(II) ions. The 
presence of lead, even in low concentrations, in drinking 
water could lead to accumulations of lead in the body, and 
this can cause anemia, kidney malfunction, tissue damage of 
brain and even death [1–6].

The removal of lead from water is an important issue, 
and there are various methods to solve this problem such 
as chemical precipitation, ionic exchange, filtration, electro-
chemical treatment, membrane techniques and recovery by 
evaporation and adsorption [7–9]. All these methods except 
adsorption are used only in special cases because they are 
either economically unfavorable or technically complicated. 

The adsorption method allows the evaluation of many 
waste materials. The adsorbents, which are used in the adsorp-
tion, provide low costs, and they are readily available materials, 
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which are usually produced from the natural materials com-
prising the carbon structure such as agricultural wastes [10]. 

Although a number of studies have been conducted on 
the removal of metal ions from aqueous solutions using var-
ious adsorbents such as shells of hazelnut and almond [11]; 
mistalea (Viscum album L.) [12]; walnut, hazelnut, almond, 
pistachio shell, and apricot stone [10]; Melocanna baccifera 
Roxburgh (bamboo) [13]; bael leaves (Aegle marmelos) [4]; 
hazelnut husks [14]; modifying walnut shell [15]; walnut 
shells and jujube seeds [16]; citric acid modified pine saw-
dust [17]; sunflower seed hull [18], palm tree fronds [19]; 
walnut and poplar woods [20]; and tea waste biomass [21], 
every special material needs to be given a particular focus for 
investigation. 

The aim of this study is to investigate the removal of 
Pb(II) ions from aqueous solution by using an adsorbent 
obtained from walnut shell, which is manufactured relatively 
easy and low cost. The walnut shell used as an adsorbent in 
this study is an agricultural waste product particularly in 
the Anatolian part of Turkey. Although walnut shell is con-
sidered as an agricultural waste product generally and is 
consumed as burn-material in Turkey, from the economical 
point of view, walnut shell can also be used as an alternative 
approach to activated carbon for the adsorption process. The 
main advantage of Pb(II) removal by using walnut shell is 
that it is in plenty and easy availability. This makes it a strong 
choice in the investigation of an economic way of Pb(II) 
removal. Considering previous works, we performed a dif-
ferent experimental approach and method to remove Pb(II) 
from aqueous solutions without any chemical treatment. 

The adsorbent obtained from the walnut shell was 
characterized by using Fourier transform infrared spec-
troscopy (FT-IR), scanning electron microscopy (SEM) and 
Brunauer–Emmett–Teller (BET). Effects of solution pH, adsor-
bent dose, initial metal concentration and adsorption tem-
perature on Pb(II) ions adsorption were studied in detail. The 
adsorption equilibrium data were analyzed using Langmuir, 
Freundlich and Temkin isotherms. Pseudo-first-order and 
pseudo-second-order models were used for investigation of 
the adsorption kinetic.

2. Materials and methods

2.1. Preparation of the adsorbent

Walnut shells were used as initial raw materials. These 
are grown in Tortum, which is a city in Erzurum, Turkey. 
Firstly, the walnut shells were broken. Secondly, the walnut 
shells were burned in the furnace at the nitrogen gas flow 
rate of 58 L/h. They were heated from room temperature to 
500°C with the heating rate of 10°C/min. The temperature of 
500°C was kept for 90 min. After the end of the carbonization, 
the nitrogen gas passed continuously until it returns to room 
temperature. Finally, the samples obtained were milled and 
sieved to get the carbon particles with the diameter smaller 
than 0.092–0.063 mm. Carbonized walnut shell (CWS) was 
characterized by BET, SEM and FT-IR analysis.

2.2. Batch experiments 

The stock solution containing 1,000 mg/L of Pb(II) ions 
was prepared by dissolving an sensitive quantity of Pb(NO3)2 

in distilled water. The test solutions used in the experiments 
were prepared by diluting from the stock solution. The test 
chemicals were pure as analytical and supplied by Merck 
(Germany). The batch adsorption experiments were carried 
out on a thermostatic incubator shaker with a shaking speed 
of 200 rpm. All mixtures, after adsorption experiments were 
filtered through Sartorious Stedim 391 to obtain clear solu-
tions, after the adsorption experiments. The concentration 
of the residual Pb(II) ions in the solution was measured by 
atomic absorption spectrophotometer (Shimadzu AA-670, 
USA) at 283.3 nm. 
The following equation had been utilized to find the 
removal efficiency of Pb(II) ion: 
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The following equation was used to find the equilibrium 
amount of lead adsorbed: 
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where qe is the amount of ions adsorbed per mass unit of 
adsorbent (mg/g); C0 is the initial concentrations (mg/L); Ce is 
the final concentrations (mg/L); V is the volume of the solu-
tion (L) and m is the mass of adsorbents (g).

2.3. Adsorption thermodynamic

Thermodynamic parameters are useful in defining 
whether the adsorption is endothermic or exothermic, and in 
determining the spontaneity of the adsorption process.

The values of the enthalpy, ∆H°; the entropy, ∆S° and the 
Gibbs free energy, ∆G° for Pb(II) ions adsorption onto CWS 
were obtained in this study. The amounts of ∆H° and ∆S° can 
be calculated from the slopes and intercepts of the straight 
line obtained from the plot of lnKd vs. 1/T by using Eq. (3) [22]: 
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where Kd (l/g) is the distribution coefficient; R (8.314 J/mol/K) 
is the gas constant and T (K) is the absolute temperature of 
the aqueous solution [22]. The value of Kd was calculated at 
different temperature and at equilibrium time using Eqs. (2) 
and (4). 

After obtaining ∆H° and ∆S° values of the adsorption, 
∆G° of each temperature was calculated with the following 
equation:

∆ ∆ − ∆G H T S° = ° °  (5)

2.4. Adsorption isotherm models 

The adsorption equilibrium data of Pb(II) ions onto the 
CWS were analyzed in terms of Langmuir, Freundlich and 
Temkin isotherm models. The optimal isotherm data were 



303B. Köse, S. Erentürk / Desalination and Water Treatment 60 (2017) 301–309

obtained by plotting the amount of Pb(II) ions adsorbed per 
mass unit of the adsorbent (mg/g) against the concentration 
of Pb(II) ions remaining in the solution (mg/L), which was 
shown in Fig. 8.

The Langmuir adsorption isotherm [23] presumes that 
adsorption occurs at specific homogenous sites within the 
adsorbent and makes the prediction of adsorption capacities 
under various conditions. The linear form of the Langmuir 
isotherm can be described as follows:

C
q Q b
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Q

e

e m

e

m

= +
1  (6)

where qe is the adsorption capacity at equilibrium (mg/g); Qm 
is the maximum monolayer adsorption capacity (mg/g); b is 
the Langmuir constant related to the affinity of Pb(II) ions to 
the CWS (l/mg) and Ce is the concentration of the Pb(II) ions 
in the solution at equilibrium (mg/L) [24].

The Freundlich adsorption isotherm [23] can be applied 
to non-ideal sorption on heterogeneous surfaces as well 
as multi-layer sorption and is expressed by the following 
equation:

q K Ce f e= 1/n  (7)

The linear form of Freundlich isotherm is as follows:

In In Inq K
n

Ce f e= +
1  (8)

where Kf is the Freundlich constant ((mg/g) (L/mg)(1/n)) related 
to the bonding energy, and n is a measure of the deviation 
from the linearity of the adsorption (g/L) [24].

The Temkin adsorption isotherm contains a factor that 
explicitly taking into the account of adsorbent–adsorbate 
interactions. By ignoring the extremely low and large value 
of concentrations, the model assumes that heat of adsorption 
(function of temperature) of all molecules in the layer would 
decrease linearly rather than logarithmic with coverage [23]. 
The model is given by the following equation:

q RT
b

K C B K Ce T e T e= =In In( ) ( )  (9)

where R is the gas constant (8.314 J/mol/K); T is the 
temperature (K); KT is the equilibrium binding constant 
(L/mg) corresponding to the maximum binding energy; 
B = RT/b is the constant related to the heat of adsorption and 
b is the heat of the adsorption (J/mol) [24].

The dimensionless parameter (RL) value, which is defined 
in Eq. (10) is used to determine the above-mentioned values 
b and C0 [1,23,25].
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According to dimensionless RL values, adsorption types are 
shown in Table 1 [26]. 

2.5. Adsorption kinetics models analysis

Kinetic models were used to determine the control step 
of the adsorption process. For this purpose, the data obtained 
from the experiments were analyzed in the pseudo-first-order 
and pseudo-second-order sorption equations [23,27].

The pseudo-first-order rate expression of Lagergren is 
given as follows:

log( ) log( )
.
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where qt (mg/g) is the amount of the adsorbed Pb(II) ions on 
the CWS at time t (min), and k1 (1/min) is the rate constant of 
the pseudo-first-order adsorption. A straight line is obtained 
by plotting log(qe − qt) vs. t, and in this way, the adsorption 
rate constants k1 and qe were calculated from the slope and 
intercept of the line, respectively. 

The pseudo-second-order is given as follows [28]:

t
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2
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where k2 (g/mg/min) is the rate constant of the 
pseudo-second-order adsorption. k2 and qe were obtained 
from the intercept and the slope of the plotting t/qt vs. t. qe, k1 
and k2 are demonstrated in Table 6. 

3. Results and discussion

3.1. TGA analyzing

The thermal decomposition is offered with the thermo-
gravimetric analysis or thermal gravimetric analysis (TGA) and 
differential thermal gravimetry (DTG) curves, and these curves 
are called the experimental and differential thermograms, 
respectively [22,29]. The thermal decomposition occurs in the 
structure of walnut shells during carbonization. The TGA and 
DTG curves were investigated in a nitrogen atmosphere, and 
they are illustrated at Fig. 1. It was observed a peak caused by 
moisture at 118°C, and the moisture loss was measured as 2.58% 
in this area. The removing of volatile has been observed in the 
area between 270°C and 370°C. The degradation of hemicellu-
lose and cellulose structure were also realized in this area. The 
total weight reduction in this section was measured as 56.45%. 
Firstly, hemicellulose components decompose. When it is com-
pleted, the degradation of cellulose begins. After 370°C, the 
weight reduction has slowed and started the degradation of lig-
nin. It was seen from the DTG and TGA curves that the rate of 
the weight change was constant at temperatures above 500°C.

Table 1
According to dimensionless RL values, given are adsorption 
types

RL values Adsorption type

RL > 1 Unfavorable
RL = 1 Linear
0 < RL < 1 Favorable
RL = 0 Irreversible
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3.2. Adsorbent characterization

3.2.1. SEM analysis

The SEM micrographs of CWS are shown in Fig. 2. These 
micrographs revealed that the surface of CWS was highly 
porous, and the size of the holes was heterogeneous as 
expected. The surface area of the adsorbent has increased by 
the porous structure, so that the metal adsorption capacity of 
the adsorbent was increased [13]. 

3.2.2. FT-IR spectra

The chemical nature of the adsorbent surface can be 
defined by FT-IR spectra. The FT-IR spectrum of CWS is 
shown in Fig. 3. The absorption peaks are indicating the 
presence of the various functional groups, which can be seen 
in the spectrum. These peaks can be explained as following. 
The shoulders observed at 2.850–2.950 cm–1 due to aliphatic 
(C–H) groups and appeared for carbon samples. The bands 
near 1.600 cm–1 are due to C=C stretching vibration in aro-
matic. The absorption within the range of 1.170–1.070 cm–1 
can be ascribed to C-C-C bonds [20,23,25]. 

3.2.3. Surface area and pore structure

The surface area and the pore structure of CWS were 
characterized by using the BET. The values of SBET, Vmicro and 
Vmeso, which are obtained from the isotherms of the CWS 
in a nitrogen atmosphere, are listed in Table 2. The specific 
surface area of the sample was determined as 431.99 m2/g. 
According to the International Union of Pure and Applied 
Chemistry, the pore structures of carbons are classified into 
three groups as: micropore (≤2 nm), mesopore (2–50 nm) 
and macropore (≥50 nm) [30,31]. The micropore volume of 
CWS is equal to 0.17 cm3/g, and this quantity corresponds 
to 82.90% on the whole surface. In addition, the mesopore 
volume is 0.06 cm3/g, which corresponds to 25.62%.

3.3. Effect of solution pH

The pH is a very important parameter in an adsorption 
process. If the pH increases or decreases, the activity of the 
functional groups of the adsorbent varies. This is responsi-
ble for metal adsorption. The pH affects also the competition 
between H+ and the metallic ions, which are trying to reach 
to the active sites of the adsorbent. [32]. In the pH studies, 
the initial lead concentration was kept constant at 50 mg/L. 
The test solutions were adjusted to the desired pH (1.2, 3.0, 
4.0, 5.0, 6.0). In this test, the adsorbent dose and temperature 
were constant and selected as 0.4 g/L and 37°C, respectively. 
The effect of the pH on the removal of Pb(II) ion was illus-
trated in Fig. 4. In Fig. 4, it can be seen that the amount of lead 
adsorbed by the CWS increased from 3.5 to 57.2 mg/g with 
the increasing of the pH value from 1.2 to 5, respectively. The 
adsorption capacity of CWS reached the maximum value at 
pH 5.0. Reducing the pH of the solution will result in increas-
ing the number of hydronium ions in the solution. Thus, 
hydronium ions will surround the surface of the adsorbent 
and will prevent binding of the metal ions onto the active 
sites. When the pH increases, the hydronium ions bonded to 
the active sites will release the surface; thus, metal ions can 
find the possibilities to binding onto the emptied surface [33].

Fig. 1. The thermal decomposition (TG and DTG curves of 
 walnut shells).

Fig. 2. SEM micrographs of carbonized walnut shell (CWS) (this images were enlarged to: (a) 4000, (b) 8000 and (c) 15000 times).
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In addition, the number of H+ ions competing with the 
metal ions for binding active sites will decrease within the 
solution; eventually adsorption of Pb(II) onto adsorbent 
will increase [1,4]. When the pH value increases above 6.0, 
the Pb(II) ions will precipitate as hydroxyl forms such as 
(Pb(OH))+, (Pb3(OH)4)+ and (Pb(OH)2) [12,33,34]. In order to 
prevent precipitation of Pb(II) ions, all the following experi-
ments were conducted at pH 5.0.

3.4. Effect of adsorbent dose on Pb(II) adsorption

In adsorbent dose studies, the solution of the pH and ini-
tial concentration was kept constant at 5 and 50 mg/L, respec-
tively. In order to investigate the effect of the adsorbent dose 
on Pb(II) adsorption, the amounts of CWS were selected as 
0.4, 0.8 and 1 g/L, and the temperature was kept constant at 
37°C during the experiments. The results were illustrated in 
Fig. 5.

It can be seen from Fig. 5 that there is an increase in the 
percentage removal of Pb(II) when the adsorbent dose were 
increased. After the adsorbent dose was varied from 0.4 to 
1 g/L, the adsorption percentage increased from 57.19% to 
89.81%. The adsorbent dose were found to be significant in 
the adsorption of Pb(II). 

When the adsorbent dose increases, the number of the 
active sites in the solution will increase. This resulted in 
decreasing the competition between the molecules for bind-
ing sites [34]. Although the percentage removal of Pb(II) 
increased with the increasing in the adsorbent dose, the 
adsorption capacity (qe) is reduced. Similar results about the 
adsorbent dose in the adsorption of Pb(II) have been reported 
by various investigators in the literatures [1,34,35]. Besides 
that, if a higher dose of the adsorbent is used, the adsorbents 
can be agglomerated. This situation can be lead to decline 
on the total surface area and subsequent to a reduction of 
adsorption [1]. 

3.5. Effect of initial Pb(II) concentration on adsorption

The effect of the initial Pb(II) ion concentration varied 
from 50 to 150 mg/L on the adsorption of Pb(II) onto the 
CWS was investigated at the temperature of 37°C, the pH 
of 5.0 and the adsorbent dose of 0.4 g/L. The results were 
illustrated in Fig. 6. While the initial Pb(II) concentration 
were increased from 50 to 150 mg/L, the percentage removal 
of Pb(II) were decreased from 57.19% to 29.71%. However, 
the adsorption capacity were increased from 63.61 to 
102.27 mg/g. The decreasing of the percentage removal of 
Pb(II) was due to the presence of the excess amount of Pb(II) 
in the solution. 

Increasing the adsorption capacity can be attributed to 
the utilization of all existing active sites for adsorption at 
higher Pb(II) concentration [14,24,36]. 

The initial solution concentration provides the required 
driving force to overcome the resistance of the mass transfer 

Fig. 3. FT-IR spectrum of CWS.

Table 2
Brunauer–Emmett–Teller (BET) surface area and pore size distributions of the adsorbent derived from walnut shell

SBET

(m2/g)
Smicro Smeso VTotal

(cm3/g)
Vmicro Vmeso

(m2/g) (%) (m2/g) (%) (cm3/g) (%) (cm3/g) (%)
431.99 358.13 82.90 73.86 17.10 0.22 0.17 74.38 0.06 25.62

Fig. 4. The effect of pH on the removal of lead with CWS (initial 
concentration = 50 mg/L; contact time = 90 min, T = 37°C).

Fig. 5. The effect of the adsorbent dosage on Pb(II) adsorption 
(pH = 5.0, initial concentration = 50 mg/L, T = 37°C). 
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from the aqueous phase to the surface of the adsorbent, which 
contains the active binding site. In order to occur the adsorp-
tion process, adsorbate molecules must move from the bulk 
solution to the exterior surface of the adsorbent and then from 
the exterior surface to the pores of the adsorbent. Therefore, the 
increase in the initial solution concentration can improve the 
interaction between Pb(II) and the CWS, which results in 
the increase of adsorption capacity of Pb(II) [14,24,36].

3.6. Effect of the temperature

In order to investigate the effect of the temperature, 
three different temperatures were selected as parameters 
such as 26°C, 37°C and 45°C. During the experiments, the 
other parameters were kept constant like the adsorbent 
dose 0.4 g/L, pH 5.0, the initial Pb(II) ion concentration 
50 mg/L. The effect of the temperature was illustrated in 
Fig. 7. It was seen from Fig. 7 that the percentage removal 
of Pb(II) increased from 54.6 to 60.8 when the temperatures 
were raised from 26°C to 45°C, respectively. It was also seen 
from Fig. 7 that the adsorption was endothermic. When 
the temperature increases, the molecular mobility will also 
increase. As a result of the increasing molecular mobility, the 
diffusion of the adsorbate having the drag force of the metal 
ions throughout the pores within the adsorbent will increase 
too. When the temperature increases, some internal bonds 
near the active surface sites of the adsorbent are broken, and 
new active sites are formed. Hereby, the adsorption of metal 
ions increases with the increase in temperature. The increase 
in adsorption with temperature may also be attributed to 
the decrease in the boundary layer thickness surrounding 
the sorbent with increasing temperature, as a result the 
mass transfer resistance of adsorbate in the boundary layer 
decreases [9,37,38].

3.7. Thermodynamic study

The thermodynamic parameters, such as the Gibb’s free 
energy change (ΔG°), the standard enthalpy change (ΔH°) 
and the standard entropy change (ΔS°) were evaluated in 
this section. All the thermodynamic parameters were listed 
in Table 3. The values of (ΔH°) and (∆S°) were obtained 
from Van ‘t Hoff equation (Eq. (3)). As the ∆G° values were 

negative, it can be said that the adsorption process of Pb(II) 
was spontaneous under the studied conditions. The values 
of ∆G° decreased from –2.75 to –3.53 kJ/mol in the tempera-
ture range of 26°C–45°C, indicating that the spontaneity of 
the adsorption reaction was enhanced with the rising tem-
perature. The value of enthalpy change ∆H° was positive for 
Pb(II) adsorption, suggesting the endothermic nature of the 
reaction. While an exothermic adsorption process indicates 
either physical or chemical sorption, the endothermic pro-
cess can be attributed to the chemisorption. Therefore, the 
positive enthalpy value obtained from this study confirms 
that the adsorption of Pb(II) onto the CWS is controlled by 
chemical adsorption rather than physical adsorption. The 
positive entropy change ∆S° suggested that the degree of dis-
order increased with the increase of species number at the 
solid/liquid interface. When the Pb(II) ions were adsorbed by 
the adsorbent, the number of Pb(II) ions in the solutions will 
decrease. As a result of this, the randomness that causes an 
increase in the entropy of the solution will increase [39].

3.8. Adsorption isotherms

The equilibrium behaviors of the adsorbate uptake was 
described by adsorption isotherms. For isotherms experiments, 
solutions containing 50, 70, 100 and 150 mg/L Pb(II) initial con-
centrations were prepared. Before the experiments, the pH of 
the solutions were adjusted to 5, and then 0.4 g/L of adsorbent 
was added into each solution and was stirred at 200 rpm for 
90 min at 37°C temperature. The amounts of Pb(II) extracted at 
equilibrium, qe (mg/g), were calculated according to Eq. (2) [40]. 
The Langmuir, Freundlich and Temkin models were applied to 
experimental data. The isotherm data were obtained by plot-
ting amount of lead adsorbed on the solid (mg/g) against the 
remaining concentration of lead in the solution (mg/L).

Fig. 7. The effect of temperature on Pb(II) adsorption (pH = 5.0, 
adsorbent dosage = 0.4 g/L, initial concentration = 50 mg/L).

Fig. 6. The effect of the initial concentration on Pb(II) adsorption 
(pH = 5.0, adsorbent dosage = 0.4 g/L, T = 37°C).

Table 3
Thermodynamic parameters for the adsorption of Pb(II)

T, °C Kd ∆G°, kJ/mol ∆S°, J/mol.K ∆H° kJ/mol

26 3.07 –2.75
37 3.34 –3.20 40.81 9.45
45 3.88 –3.53
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The equilibrium adsorption isotherms are shown in 
Fig. 8, and regression coefficients are given in Table 4. It can 
be seen from Table 4 that the correlation coefficients were 
above 0.99 for all of the isotherm models. It can be said that 
the equilibrium data were suitable for all of the isotherm 
models when the correlation coefficients between the exper-
imental results and the model data were considered. A close 
look at the obtained regression values obtained indicates 
that Langmuir, Freundlich and Temkin models investigated 
in this study are almost equally applicable [40,41,25]. In this 
study, The RL value was obtained in the range of 0–1, which 
is favorable for the adsorption of Pb(II) at studied condi-
tions (Table 1). 

The results of the maximum monolayer adsorption 
capacity (Qm) for Pb(II) ions onto the CWS with other adsor-
bents are shown in Table 5. When the testing conditions are 
the exactly same with others testing conditions, the max-
imum adsorption capacities of this study can be compared 
by other studies. Otherwise, it does not reflect the realities to 
make comparisons. Because, the adsorption capacities vary 
depending on the test conditions. Therefore, studies, which 
made with similar conditions, have been selected for compar-
ison. These studies are given in Table 5. 

3.9. Adsorption kinetics

The prediction of the order of the adsorption rate kinetics 
and the adsorption rate constants is an important step for the 
design of an adsorption system and to evaluate the basic qual-
ities of the good adsorbent. The data obtained from the effect 
of the contact time on the adsorption process can be used to 
find which of the kinetics models can define better the adsorp-
tion of Pb(II) ions onto the CWS. For this purpose, the kinetic 
model studies were carried out for the adsorption of Pb(II) onto 
the CWS with for pseudo-second-order expression and pseu-
do-first-order expression. The experimental data were obtained 
at 1, 3, 5, 7, 10, 15, 20, 30, 45, 60 and 90 min for using in the 
kinetic studies. The linearized form of the pseudo-first-order 
model and the pseudo-second-order model for the adsorption 
of Pb(II) ions onto CWS is given in Figs. 9 and 10, respectively.

The obtained kinetic model parameters by linear regres-
sions were given in Table 6. From Table 6, it was observed 
that the better R2 values were observed for the pseudo-sec-
ond-order kinetic model than the pseudo-first-order kinetic 
model, which indicates that the pseudo-second-order 

Fig. 8. The comparative results of the adsorption isotherm mod-
els in the adsorption of Pb(II) onto CWS (adsorbent dose = 0.4 
g/L, pH = 5; T = 37°C).

Table 4
The isotherms model constants for Pb(II) ions adsorption onto carbonized walnut shell (CWS)

Langmuir constants Freundlich constants Temkin constants
Qm (mg/g) b (L/mg) R2 Kf ((mg/g) (L/mg)(1/n)) n R2 B KT (L/mg) R2

120.482 0.0541 0.998 27.2649 3.428 0.995 23.732 0.765 0.999

Table 5
Comparison of the Langmuir adsorption capacities (Qm) of various adsorbents used for the adsorption of Pb(II) ions

Adsorbent T (°C) m (g/L) C0 (mg/L) Qm (mg/g) References

CWS 37 0.4 50–150 120.48 This study
DAT and DAT-HDTMABr
(surfactant-modified diatomaceous earth)

35 4 10–200 11.962 and 16.578 [42]

Activated carbon developed from water hyacinth 
(chemical activation with H3PO4)

25 1 1–200 118.8 [1]

Coal olive stone activated carbon (COSAC)
(activated carbon derived from olive stones)

30 1.2 104–1040 148.77 [43]

Activated carbon developed from Apricot stone  
(chemical activation with sulphuric acid)

20 1 10–100 21.38 [44]

Melocanna baccifera raw charcoal (MBRC) and Melocanna 
baccifera activated charcoal (MBAC)

29 1 50–90 10.66 and 53.76 [13]

Bael leaves (Aegle marmelos) 25 0.1 8.7–180.2 125 [4]
Activated carbon prepared from Phaseolus aureus hulls 30 0.5 20–250 21.8 [23]
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kinetic model fits the adsorption kinetic data better than 
the pseudo-first-order kinetic model. The values of R2 were 
found to pseudo-second-order and pseudo-first-order expres-
sion as 0.9997 and 0.9248, respectively. Thus, the adsorp-
tion of Pb(II) ions onto the CWS was represented by the 

pseudo-second-order kinetic model. This result indicates that 
the adsorption rate may be controlled by chemical adsorp-
tion, which provides the best correlation of the experimental 
data. In the chemical adsorption, the valency forces involve 
through sharing or exchange of electrons between the adsor-
bent and adsorbate. This means that the adsorption process 
between adsorbent active sites and Pb(II) can be achieved by 
chemical interaction including ionic or covalent bonds [18,24]. 

4. Conclusion

In this study, walnut shell was prepared by the carboniza-
tion and then used for the Pb(II) ions adsorption as an adsor-
bent. The adsorbent had highly heterogeneous porous sizes, 
and its specific surface area was obtained as 431.99 m2/g. The 
CWS exhibited a high adsorption capacity for Pb(II). It is 
said from the results of this study that Pb(II) adsorption on 
the CWS was strongly influenced by adsorbent dose, initial 
metal concentration, pH and temperature.

The results show that increasing the initial pH, the adsorp-
tion capacity passes through an extremum at alkaline pH for 
the alkaline activated carbon. Increasing the initial lead con-
centration decreases the percentage removal but it increases 
the sorption capacity for the CWS. Three empirical adsorption 
isotherm models (Langmuir, Freundlich and Temkin) were 
used for the evaluation of the adsorption equilibrium data. 
When the correlation coefficients between the experimental 
results and model data were considered, it can be said that 
the equilibrium data fitted very well with the correlation coef-
ficients of above 0.99 for all of the isotherm models investi-
gated. The kinetic studies showed that the adsorption of Pb(II) 
onto the CWS followed a pseudo-second-order kinetics. The 
adsorption thermodynamic showed that the adsorption pro-
cess was endothermic and spontaneous in nature. 
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