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Abstract: Pb(II) adsorption from the water using adsorbents such as acid and/or 
base activated walnut shell and lemon peel was carried out in a continuous stirring 
batch system. The original and activated adsorbents were characterized by SEM-
EDS and FTIR analyses. SEM photographs of both adsorbents showed that while 
the presence of irregularly shaped and layered structures were observed before 
activation, more porous and curved surfaces were observed after activation. 
Adsorption studies showed that the activation was effective for increasing the 
adsorption efficiency and while more than 50% of the lead ions were removed at 
the first 10 min, the equilibrium was reached at 180 min. Furthermore, they 
showed that the adsorption rate was determined by a pseudo second order kinetic 
model. Additionally, Freundlich and Langmuir isotherm models were investigated 
for Pb(II) adsorption on WS-NaOH and LP-HNO3 adsorbents and it was found that 
the equilibrium data were more suitable for Freundlich model. 

  

  

Agro-Endüstriyel Yan Ürün Adsorbentler ile Sulardan Kurşun (II) Giderilmesi 
 

 
Anahtar Kelimeler 
Kurşun, 
Adsorpsiyon, 
Ceviz kabuğu, 
Limon kabuğu, 
Aktivasyon 
 

Özet: Bu çalışmada, Pb(II) iyonlarının, asit ve/veya baz ile aktive edilmiş ceviz ve 
limon kabuğu gibi adsorbentler ile adsorpsiyonu kesikli çalışan bir adsorpsiyon 
sisteminde gerçekleştirilmiştir. Orijinal ve aktive edilmiş adsorbentler SEM-EDS ve 
FTIR analizleri ile karakterize edilmiştir. Her iki adsorbentin SEM fotoğraflarında, 
aktivasyondan önce düzensiz şekilli ve tabakalı yapıların varlığı gözlenirken, 
aktivasyondan sonra daha gözenekli ve kıvrımlı yüzeylerin oluştuğu görülmüştür. 
Adsorpsiyon çalışmaları, aktivasyonun adsorpsiyon veriminin artışında etkili 
olduğunu ve kurşun iyonlarının % 50’sinden daha büyük bir kısmının ilk 10 dakika 
içerisinde giderildiğini, 180 dakikada ise dengeye ulaşıldığını göstermiştir.  Ayrıca, 
adsorpsiyon çalışmaları adsorpsiyon hızının yalancı ikinci dereceden kinetik 
modeli ile tanımlanabileceğini de göstermiştir. Freundlich ve Langmuir izoterm 
modelleri de WS-NaOH ve LP-HNO3 adsorbanları üzerindeki Pb (II) iyonlarının 
adsorpsiyonunu tanımlamak için uygulanmış ve denge verilerinin Freundlich 
modeline daha uygun olduğu bulunmuştur. 

  

 
1. Introduction 
 

Water is an indispensable renewable resource to 
sustain life on Earth [1]. Contamination of natural 
waters with heavy metals is a global problem. 
Industrial activity, wastewater and domestic 
wastewater is the main source of pollution in the 
water. Natural resources such as rainwater and 
erosion also cause heavy metal pollution. The biggest 
problem with heavy metals is that they can stay in the 
environment for a long time without deterioration 
and have the potential to accumulate in different 
parts of the body. For this reason, the detection of 
heavy metals in the water is a worldwide field of 

work requiring attention and prevention [2]. Na, K, 
Ca, Mg, Bi, Sb, Fe and Al are the main metals passing 
into the water from the soil. On the hand, metals such 
as Al, Pb, Cd, Ni, Cu, Hg, As, Cr, Co, Mn and Zn are 
mixed into the water through industry and domestic 
wastes. Hg, Cd, Bi, Sb, Pb and As are the most 
dangerous metals that can be found in water. Lead is 
one of the most important heavy metals [3]. It is 
diffused into the atmosphere in metallic form and/or 
its compounds and causes environmental pollution 
[4, 5] by some industrial applications such as mining 
process, battery production, lead alkaline production, 
welding/soldering works, painting, printing, ceramic 
and plastic industries, water pipes and wire cables [6, 
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7]. Lead concentration can be observed up to 500 μg 
in soft water. The maximum lead level that can be 
found in drinking water is specified by World Health 
Organization (WHO) as 10μg/L [8]. 
 
When lead concentration in water samples was above 
the permissible value, it caused some detrimental 
effects such as anemia, nephritic syndrome, digestion 
and nervous system destruction [9-11]. Therefore, 
removal of lead and/or its compounds from water 
samples was an important environmental problem. 
For this reason, economic and environmentally 
friendly treatment methods should be developed. 
Among them, adsorption was generally preferred 
method since its application was easy and successful 
to remove toxic ions from sample [12]. In last 
decades, agro-agricultural by-products obtained from 
wastes were used as alternative to active carbon due 
to some advantages, such as low cost, easy to 
application and higher treatment capacity for metal 
adsorption [13, 14]. Additionally, acid and/or base 
treatment was also widely used for chemical 
activation of agricultural wastes [15].  
 

In this study, lead (II) removal from the water 
samples was carried out in a continuous stirring 
batch system using agro-industrial by-products 
adsorbents, such as walnut shell (WS) and lemon peel 
(LP) which were activated with both HNO3 and NaOH, 
respectively. Additionally, the effects of adsorbent 
amount, pH, temperature and contact time on the 
adsorption rate of lead (II) were also investigated to 
find optimum experimental conditions for removal of 
lead (II). 
 
2.  Material and Method 
 
In this study, WS and LP modified with both HNO3 
and NaOH were used as the adsorbents. All chemicals 
used for the preparation of adsorbents are of 
analytical purity. Deionized water purification system 
(PURIS, 18 MΩ.cm) was used in the preparation of the 
all solutions. 

2.1. Preparation of adsorbents 
 
WS and LP were obtained from the local market in 
Burdur, Turkey. At first, WS and LP were washed with 
tap water and deionized water to remove 
contaminants, respectively. Then, they were dried at 
348 K for 55 h and milled and agitated for 24 h using 
1.0 mol L-1 sodium hydroxide (Merck) and 0.1 mol L-1 
nitric acid (Merck) in the ratio of 1/10 (m/v), 
respectively.  Afterwards, they were washed again 
with deionized water to remove acid and/or base in 
the reaction medium and then dried again at 348 K 
for 24 h before use. The prepared adsorbents were 
stored until experiment. The adsorbents modified 
with both acid and base were coded as WS-NaOH and 
LP-HNO3. In addition, lead adsorbed by WS-NaOH and 
LP-HNO3 were coded as WS-NaOH-Pb and LP-HNO3-
Pb. 

2.2. Adsorption  

Pb(II) adsorption was investigated at 500 rpm 
stirring speed in a continuous stirring batch system. 
The calibration solutions were prepared by diluting 
of a 1000 mg L-1 stock solution prepared from 
Pb(NO3)2. Effect of some experimental parameters, 
such as adsorbent amount (between 0.5 and 10 g L-1), 
pH (between 4 and 8) and temperature (at 298, 308 
and 318 K) were investigated using 20 mg L-1 Pb(II) 
adsorbate solution. However, apart from the effect of 
the adsorbent amount, pH and temperature on 
adsorption, they were chosen as 10 g L-1, 6 and 298 K, 
respectively. Additionally, the effect of the contact 
time was investigated using different Pb(II) 
concentrations between 20 and 100 mg L-1 and 10 g 
L-1 adsorbent amount based on time period of 10-240 
min. Furthermore, adsorption studies were repeated 
to determine the reusability of the adsorbents. After 
each adsorption step, the samples were filtered and 
re-used after drying at 333 K for 24 h.  

The amount of Pb(II) remaining in the solution was 
determined using a single beam atomic absorption 
spectrometer (ATI Unicam 939 model) with 
deuterium background correction system. The 
adsorption efficiency (%) and capacity (qe, mg g-1) 
were calculated using the following equations: 
 

100*
)(

(%)
0

0

C

CC
Adsorption e

               (1) 

 

                      
m

VCC
q e

e

*)( 0                      (2) 

 

0C (mg L-1) and eC (mg L-1) showed Pb(II) 

concentrations before and after adsorption, 
respectively. Furthermore, V (L) and m (g) showed 
the solution volume and adsorbent amount, 
respectively. 
 

2.3. Characterization of adsorbents 
 

The surface morphology and composition of the 
original WS and LP, activated and lead adsorbed 
activated WS and LP adsorbents were analysed using 
SEM (Phillips XL-30 S FEG) with EDX detector, 
respectively and surface photographs and elemental 
composition graphs were obtained. FTIR (Perkin 
Elmer BX) spectra with KBr (1 mg sample/100 mg 
KBr) were used to identify functional groups of all 
samples.  
 

 3. Results  
 

3.1. Adsorption studies  
 

3.1.1. Adsorbent type and amount 
 

The adsorbent amount was an important factor to 
determine the adsorption efficiency for any 
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contaminant concentration. The adsorbents (WS, WS-
HNO3, WS-NaOH, LP, LP-HNO3, and LP-NaOH) 
amounts were investigated between 0.5 and 10 g L-1. 
When the the adsorbent amount was increased, the 
lead removal was also increased and the highest 
adsorption efficiency for the adsorbent amounts was 
reached at a concentration of 10 g L-1 adsorbent 
shown in Figure 1 (a1 and a2). Adsorption efficiency 
was increased with increasing the amount of 
adsorbent owing to the increasing active surfaces of 
adsorbents which were also suitable for adsorption 
[16, 17]. Although the adsorption efficiency was 
increased after the modification with HNO3 and NaOH 
in both adsorbents, the activation with NaOH for WS 
and HNO3 for LP was found to be more effective 
based on the adsorption efficiency. The adsorption 
efficiency of original WS (81%) for 10 g L-1 adsorbent 
amount was increased to 87% and 99% for WS-HNO3 
and WS-NaOH adsorbents, respectively. On the other 
hand, the adsorption efficiency of original LP (79%) 
for 10 g L-1 adsorbent amount was increased to 99% 
and 92% for LP-HNO3 and LP-NaOH adsorbents 
respectively. Therefore, 10 g L-1 adsorbent amount 
for WS-NaOH and LP-HNO3 adsorbents were selected. 
The literature studies showed that the adsorption 
efficiencies/adsorption capacities of fruit/vegetable 
wastes were increased by acid and/or base activation 
and the acid-activated fruit peels had higher 
adsorption capacity than that of the base-activated 
shells [18, 19]. On the other hand, there are studies in 
the literature that show that the adsorption capacity 
of fruit shells increases more with base activation 
[20, 21]. Acid and/or base activation caused to the 
formation of new adsorption sites on the adsorbent 
surface leading to an increase in adsorption 
efficiency. 
 
3.1.2. pH 

 

The different pH values (between 4 and 8) were 
investigated using 20 mg L-1 Pb(II) adsorbate solution 
at 298 K. Both adsorbents produced high adsorption 
rates at pH 4 and 6 at 10 min and reached a 
maximum at 240 min. However, by increasing the pH 
from 6 to 8, the efficiency of adsorption was 
considerably reduced shown in in Figure 1 (b1 and 
b2) since the probability of adhesion to the surface of 
the adsorbents was reduced owing to strong acidic 
environments including more H+ concentration. 
Additionally, at higher pH values, the positive charge 
density on the surface were decreased while the 
negative charge density (due to OH- ions) was 
increased, resulting in an increase in adsorption. 
However, it was also possible that Pb(II) could be 
precipitated as hydroxide in basic solution. This 
caused to a decrease in adsorption efficiency [22]. 
The similar results were reported with single-walled 
carbon nanotubes-doped WS composite [23], raw and 
acid-activated Citrus limetioides peel and seeds [24], 
and tripolyphosphate-modified waste Lyocell fibers 

[25] for Pb(II) adsorption. Furthermore, when the 
literature was examined, pH 6 was used for the 
adsorption of Pb(II) in the presence of different agro-
industrial by product adsorbents [26-29]. 
 

3.1.3. Temperature 
 

Temperature was changed between 298 and 318 K 
and results were shown in Figure 1 (c1 and c2), 
respectively. The adsorption efficiency was decreased 
by increasing temperature due to the exothermic 
process for lead adsorption on the adsorbents.  
 
To verify the feasibility of the adsorption, several 
thermodynamic functions (∆G, ∆H and ∆S) were 
determined using the following equations [30-33].  
 

lnKd= 
RT

H

R

S 


   (3) 

 

STHG    (4) 

  

where R was 8.314 J mol-1 K-1, T (K) was temperature 
and Kd was the distribution coefficient of the 

adsorbate (dimensionless), (
e

e

C

q
). qe was the 

equilibrium Pb(II) concentration on the adsorbent 
(mg L-1) and Ce was the equilibrium Pb(II) 
concentration in the solution (mg L-1). H and S 
were found from the slope and intercept of a graph 

between lnKd and 
T

1
(not shown). Thermodynamic 

parameters were given in Table 1. The enthalpy 
changes for adsorption onto WS-NaOH and LP-HNO3 

were found to be -44.50 and -42.92 kJ mol-1, 
respectively. Negative H values indicated that Pb(II) 
adsorption was an exothermic process. The S for 
adsorption onto WS-NaOH and LP-HNO3 were found 
to be -0.125 and -0.118 kJ mol-1K-1, respectively. 
Negative S values revealed that the disorder of the 
solid/solution interface was decreased during Pb(II) 
adsorption [34]. Sudha et al. reported negative ΔH 
and ΔS value for the adsorption of Pb(II) onto the raw 
and acid-activated Citrus limetioides peel and seeds  
[24].  
 

G values for Pb(II) adsorption were found to be -
7.31, -5.67, -4.82 kJ mol-1 for WS-NaOH and -7.76, -
5.69, -5.42 kJ mol-1 for LP-HNO3 at 298, 308, 318 K, 
respectively (Table 1). As seen, the G values for 
adsorption onto WS-NaOH and LP-HNO3 were 
negative at wide temperature range. These results 
indicated that the adsorption of Pb(II) onto WS-NaOH 
and LP-HNO3 were spontaneously occurred and this 
process was thermodynamically feasible. According 
to results, (negative H and S values), Pb(II) 
adsorption should be carried out at low 
temperatures.  
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Figure 1. Pb(II) adsorption based on adsorbent amount (a1 and a2), pH (b1 and b2) and temperature (c1 and c2). 

 
Table 1. Distribution coefficients and thermodynamic parameters for the adsorption of Pb(II) on WS-NaOH and LP-HNO3 
samples at different temperatures [Pb(II) adsorbate solution: 20 mg L-1, adsorbent amount: 10 g L-1, pH 6] 

 
T (K) 

 Kd 
 

 ∆G 
(kJ mol-1) 

 ∆H 
(kJ mol-1) 

 ∆S 
(kJ mol-1 K-1) 

WS-NaOH 
298  19.09  -7.31  -44.50  -0.125 
308  9.17  -5.67     
318  6.19  -4.82     

LP-HNO3 
298  22.89  -7.76  -42.92  -0.118 
308  9.24  -5.69     
318  7.76  -5.42     

 
3.1.4. Adsorption kinetics and contact time 

 
To determine the equilibrium time and adsorption 
kinetics, the effect of contact time was investigated 
based on different initial Pb(II) concentrations. The 
results were given in the Figure 2. More than 50% of 
the Pb(II) were removed at first 10 min and the 
equilibrium was reached at 180 min for all initial 
concentrations. It was seen that the increase in the 
efficiency of adsorption in the subsequent contact 
times after equilibrium times was not significant. 
Initially, the rapid adsorption of lead ions was due to 
multitude of sites available for adsorption at the 
adsorbent surface, while the adsorption was slowing 
as these sites which were gradually coated over time.  
 

The lead removal efficiencies of both adsorbents

 
were close to each other by comparing the results in 
Figure 2. Adsorption efficiencies of WS-NaOH and LP-
HNO3 adsorbents were found to be 74.42% and 
70.81% at 10 min for 20 mg L-1 Pb (II), respectively. 
On the other hand, adsorption efficiency of WS-NaOH 
and LP-HNO3 adsorbents was increased to 95.02% 
and 95.81% at 180 min for 20 mg L-1 Pb (II), 
respectively. However, the increase in adsorption 
efficiency for Pb(II) was remained extremely low 
after 180 min. For this reason, kinetic data were 
calculated by considering 180 min contact time. As 
adsorbent surface was saturated with Pb(II) under 
equilibrium conditions, a longer contact time was not 
a practical. In addition, adsorption efficiencies were 
decreased for both adsorbents when initial 
concentration was increased. For example, when 
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initial concentration was increased from 20 mg L-1 to 
100 mg L-1 at 240 min, adsorption yields for the WS-
NaOH and LP-HNO3 adsorbents were decreased from 
98.40% to 82.53% and from 98.05% to 84.87% 
respectively. As the ratio of lead ion/adsorbent was 
increased, excess metal ions in the atmosphere were 
saturated on the sites. Thus, the propulsive power 
was increased and the adsorption was decreased. 
Since lead concentration was increased, adsorption 
efficiency was decreased but its capacity was 
increased. This result might be explained because all 
sites was suitable for adsorption at higher lead 
concentrations. 

 
The kinetic models were also important for the 
adsorption rate. In this study, to determine the 
adsorption rate for Pb(II) for WS-NaOH and LP-HNO3 
adsorbents, pseudo-first-order and pseudo-second 

order kinetic models were employed. They were 
expressed by following equations [35, 36]. 
 

ln(q
e
-q

t
)=lnq

e
-kıt        (5) 

 

              
eet q

t

qkq

t


2

2

1
     (6) 

 

First-order adsorption rate constants (k1) were 
obtained using both slope and constant of the straight 
lines by plotting ln (qe-qt) versus time. On the other 
hand, second-order adsorption rate constants (k2) 
and equilibrium concentrations (qe) values were 
calculated using both slope and constant of the 
straight lines by plotting t/qt versus time. The kinetic 
models of them obtained at 298 K were given in 
Figure 3 and the kinetic parameters of them were 
shown in Table 2. 
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Figure 2. Effect of contact time on the adsorption of Pb(II) [10 g L-1 adsorbent amount, pH 6 and T=298 K

Table 2. Kinetic parameters for the adsorption of Pb(II) on WS-NaOH and LP-HNO3 [10 g L-1 adsorbent amount, pH 6 and 
T=298 K] 

 
[Pb(II)] 
(mg L-1) 

qe-exp. 
(mg g-1) 

Pseudo-first order Pseudo-second order 
qe 

(mg g-1) 
k1 

(min-1) 
R2 qe 

(mg g-1) 
k2 

(g mg-1 min-1) 
R2 

WS-HaOH 

20 1.90 0.58 0.027 0.991 1.99 0.084 0.999 
40 3.59 0.83 0.024 0.988 3.72 0.058 0.999 
60 5.22 0.95 0.017 0.953 5.34 0.046 0.999 
80 6.58 0.83 0.013 0.992 6.78 0.038 0.999 

100 7.99 1.02 0.027 0.975 8.25 0.041 0.999 
LP-HNO3 

20 1.92 0.82 0.034 0.973 2.00 0.079 0.999 

40 3.63 1.12 0.020 0.998 3.85 0.033 0.999 

60 5.22 1.88 0.025 0.987 5.55 0.023 0.999 
80 6.89 2.13 0.013 0.921 7.28 0.014 0.998 

100 8.30 2.52 0.015 0.939 8.68 0.014 0.999 
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Figure 3. Pseudo-first order and pseudo-second order plots for the adsorption of different Pb(II) concentration at 298 K 

 
The correlation coefficients were higher for the 
second order equation indicating that Pb(II) 
adsorption was belonging to second order kinetic 
model. Furthermore, the theoretical (qe) obtained 
from the linear equations was near to the 
experimental (qe, exp) values. This experimental data  
was suitable for the second order kinetic model. 
Therefore, Pb(II) adsorption for WS-NaOH and LP-
HNO3 adsorbents was suitable for second order 
kinetic model. When the second order rate constants 
(k2) for WS-NaOH and LP-HNO3 adsorbents were 
examined, the adsorption rate of WS was higher than 
that of LP. 
 

3.1.5. Initial concentration and adsorption 
isotherms 

 

Since initial concentration was an important 
parameter to determine the adsorption capacity of 
adsorbent, its effect for WS-NaOH and LP-HNO3 
adsorbents was also investigated.  The adsorbed 
Pb(II) amount for both adsorbents was increased 
when Pb(II) concentration was increased. When 
Pb(II) initial concentration was increased from 20 mg 
L-1 to 100 mg L-1, adsorbed Pb(II) amount for WS-
NaOH and LP-HNO3 adsorbents was also increased 
from 1.97 mg g-1 to 8.25 mg g-1 and from 1.96 mg g-1 
to 8.49 mg g-1, respectively. It showed that adsorption 
was dependent on initial concentration. On the other       
hand, when the results obtained from the viewpoint 
of adsorbents were examined, the adsorption 

 
capacities were close to each other for both 
adsorbents. 
 
Additionally, adsorption isotherms were used for 
determination of both adsorption capacities of the 
adsorbents and interaction between the adsorbent 
and the adsorbate. Two typical isotherm models, 
Langmuir and Freundlich isotherm equations, were 
used to analyse isotherm data of lead adsorption with 
modified WS and LP and linear equations were 
expressed as follows [37-39]. 

 

m

e

Lme

e

q

C

Kqq

C


1   (7) 

 
In the Langmuir isotherm equation, qm (mg g-1) and 
KL were the isotherm constants showing the 
maximum adsorption capacity and binding energy, 
respectively. When Ce values were plotted versus the 

e

e
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C
, the slope of linear line was 

mq

1
and constant of 
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mLqK
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The KF and n values in Freundlich isotherm equation 
showed the adsorption capacity and the 
heterogeneity of the adsorbent surface sites, 
respectively. The KF and n values were calculated by 
plotting the lnqe versus the lnCe in the linear 
Freundlich equation. In this study, Pb(II) adsorption 
on WS-NaOH and LP-HNO3 adsorbents was modelled 
using both Langmuir and Freundlich isotherms. Their 
isotherm constants and correlation coefficients were 
summarized in Table 3. When R2 values were 
examined, the adsorption process corresponded to 
Freundlich isotherm equation. When the KF values 
calculated from the Freundlich isotherm model were 
examined, acid-activated LP adsorbent had higher 
adsorption capacity than that of base-activated WS 
adsorbent. The KF value was obtained as 2.76 for WS-
NaOH and 2.85 for LP-HNO3, respectively. The n value 
in the Freundlich model showed the deviation from 
the linearity. The Freundlich isotherm model was 
suitable due to the fact that n value was in the range 
between 1 and 10. This study confirmed the 
suitability of the Freundlich isotherm model in which 
n values obtained for both adsorbents were in the 
range between 1 and 10 (Table 3). The results for the 
Freundlich isotherm model showed that the 
adsorption was occurred on heterogeneous solid 
surface and SEM photographs also supported this 
result (Figure 4). 
 
3.2. Reusability 

 
Industrial applications were long-term reusability of 
adsorbents preserving their adsorption 
efficiency/adsorption capacity. Additionally, the high 
reusability of an adsorbent was an important for 
economically. To determine reusability of adsorbents, 
4 cycles adsorption experiments for both adsorbents 
were performed. The adsorption was conducted in 
the experimental conditions of 20 mg L-1 Pb(II) 
adsorbate solution, T=298 K, pH 6, madsorbent=10 g L-1. 
After 4 cycles adsorption experiments, adsorption 
efficiencies of WS-NaOH-Pb and LP-HNO3-Pb were 
found to be approximately 94% and 88%, 
respectively. These results showed that the 
adsorbents might be successfully used as four times. 
 

 

3.3. Characterization studies 
 

3.3.1. SEM-EDX 
 

The surface images of WS, WS-NaOH, WS-NaOH-Pb, 
LP, LP-HNO3 and LP-HNO3-Pb adsorbents were 
shown in Figure 4. While the presence of irregularly 
shaped and layered structures for both WS and LP 
adsorbents were observed before activation, porous 
and curved surfaces were observed after activation of 
WS and LP adsorbents with acid and/or base and 
lead adsorption. It showed that activation processwas 
effective for pore formation. The elemental 
compositions (Table 4) showed that the original WS 
and LP contained mainly C and O, and smaller 
amounts of Ca, Na and K. The high C and O contents of 
these adsorbents were due to the presence of 
polysaccharides such as cellulose, hemicellulose, 

lignin and pectin [15, 40, 41]. Changes in the 
composition of the WS and LP adsorbents were 
observed depending on the activation and 
adsorption process. In addition, the presence of 
Na and Pb for the WS sample and N and Pb for 
the LP sample were observed with SEM-EDX 
analysis (Table 4). 
 

3.3.2. FTIR 
 
FTIR spectra of WS and WS-NaOH, LP and LP-HNO3 
were shown in Figure 5 and it was evaluated 
according to the literature [40-42]. The band at 3538-
3340 cm-1 for WS was due to hydroxyl groups or 
adsorbed water. The bands at 2924 cm-1 were due to 
C-H stretching vibrations in methyl and methylene 
groups whereas the bands at 1443 and 1318 cm-1 
were due to C-H bending vibrations in methyl and 
methylene groups. Furthermore, while the bands at 
1622 cm-1 and 1521 cm-1 were owing to C = C 
stretching and skeletal vibration, respectively, the 
band at 1055 cm-1 were owing to C-O tension 
vibrations in alcohols, phenols or ether groups. On 
the other hand, the band at 1742 cm-1 due to the C = O 
stretching vibrations was not observed after 
activation with sodium hydroxide and lead 
adsorption (Figure 5a) [40, 41]. 
 

Table 3. Langmuir and Freundlich model parameters 

 
qm, exp. 

(mg g-1) 

Langmuir Freundlich 
qm 

(mg g-1) 
KL 

(L mg-1) 
R2 

KF 

(mg g-1) (L mg-1)1/n 
n R2 

WS-NaOH 8.25 9.18 0.28 0.934 2.76 2.85 0.978 
LP-HNO3 8.49 9.71 0.35 0.969 2.85 2.48 0.998 

Table 4. Chemical composition (mass%) of original, activated WS and LP and lead adsorbed activated WS and LP 
 WS WS-NaOH WS-NaOH-Pb LP LP-HNO3 LP-HNO3-Pb 
C 48.48 41.59 40.33 41.80 43.45 43.65 
O 46.77 50.63 49.76 53.12 52.99 53.43 
Ca 4.75 4.26 3.92 2.39 0.92  
Na  3.53 3.41 0.25 0.25 0.08 
K    2.44 0.11  
N     2.28  
Pb   2.62   2.85 
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Figure 4. SEM micrographs of (a) WS-5000x (b) WS-NaOH-5000x (c) WS-NaOH-Pb-5000x  (d) LP-5000x  (e) LP-HNO3-5000x 
and (f) LP-HNO3-Pb-5000x

 
When the FTIR spectra of the original and nitric acid-
activated LP adsorbents were examined (Figure 5b), 
there were no significant structural changes except 
for peak intensity. For the LP sample, the intensity of 
the characteristic cellulose peak observed at 1000-
1200 cm-1 in fingerprint region was decreased after 
the activation with nitric acid. Peaks at 1600 and 
1800 cm-1 indicated free and esterified carboxyl 
groups and they were used to identify pectins. The 
peak intensities in this region were also decreased 
after the activation. Especially the reduction of the 

 
ester peak observed at 1743 cm-1 after the activation 
might be explained because of decreasing the 
carboxyl groups linked to the cellulose and pectin 
chains. The broad peak at 3200 and 3600 cm-1 

indicated the presence of hydroxyl groups linked to 
molecules, such as cellulose and pectin [42]. Similar 
results were also obtained with base-activated LP by 
Singh and Shukla [43]. No change was observed in 
the FTIR spectra of both adsorbents after lead 
adsorption apart from peak intensity. This behaviour 
indicated that the adsorption was physical.

Figure 5. FTIR spectra of (a) WS and (b) LP adsorbent samples
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4. Discussion and Conclusion 
 
In this study, the use of adsorbents prepared with 
acid and base-activated WS and LP were investigated 
to remove Pb(II) from water samples. While the 
adsorption efficiency of WS was increased with the 
base activation, that of LP was increased with the acid 
activation. For both adsorbents, it was observed that 
adsorption efficiency was increased when pH was 
increased from 4 to 6, and it was decreased when pH 
was increased from 6 to 8. It was determined that 
adsorption efficiency was decreased when 
temperature was increased and the adsorption 
process was occured as exothermic and spontaneous. 
It was seen that as Pb(II) concentration was 
increased, the percentage of its removal was 
decreased but the adsorption capacity was increased. 
The maximum adsorption capacity was obtained with 
a solution including 100 mg L-1 Pb(II) adsorbate 
solution. For both adsorbents, Pb(II) removal was 
fast at the first 10 min, then slowed down. While 
equilibrium data were appropriate with Freundlich 
model, kinetic model for fitting the experimental data 
were suitable for a pseudo second-order model. 
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