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1. INTRODUCTION  
During the past decades, heavy metals have 

emerged as a major inorganic pollutant and threat 

to natural environment and human health. The 

only solution to protect the environment and 

human health is their removal from metal laden 

wastewater before discharging them into aqueous 

streams. These metal ions, primarily originate 

from electroplating, mining and ore processing, 

paint, chemicals and fertilizer industries and 

metal surface treatment processes [1-3]. Lead is 

more toxic as compared to other heavy metals like 

cobalt, manganese, zinc and copper. Exposure to 

lead may cause abdominal pain, sterility, neonatal 

deaths, damages the liver and kidney, nervous 

system, and the process of hemoglobin synthesis, 

porphyrin metabolism by forming complexes with 

oxogroups in enzymes [1,2,4]. Therefore, it is 

essential to remove lead from water before being 

released into bodies . 

Several technologies are in use for lead removal. 

These technologies include ion exchange, 

chemical precipitation, electrolysis, membrane 

separation and adsorption. Amongst these, 

adsorption is more reliable and promising owing 

to its efficiency, local availability of adsorbents, 

operational simplicity, cost effectiveness and 

regeneration potential of the adsorbents [5-8]. 

Nanoparticles are a new group of materials that 

emphasiszed for the environmental treatment due 

to their unique properties such as large surface 

area and pore size, small particle size, surface 

charge, magnetic property, thermal stability, 

chemical inertness and biocompatibility [9]. In 

recent years, several studies have reported the 

removal of lead from water and wastewater using 

nanosorbents including, cross-linked melamine 

based polyamine/CNT composites [10], magnetic 

chitosan/graphene oxide composites [11], 

SiO2@OPW nanocomposites [12], 

Nanocomposite of ZnO with Montmorillonite 

[13], Magnetic cellulose nanocomposite beads 

entrapping activated bentonite [14], Graphene 

oxide-hydrated manganese oxide nanocomposites 

[15], Nitrogen functionalized mesoporous 

Carbon[16], CNT/silica nanoparticles [17] and 

silica nanoparticles[18]. 

All of these studies revealed that novel 

applications of nanomaterials for the removal of 

lead from water. However, so far, there are no 

reports showing whether magnetic Fe3O4-walnut 

sawdust nanocomposite (MSD) can be used for 

removal of lead. This work focused on the one 

step synthesize and application of MSD for 

removal of lead. 

 

2. EXPERIMENTAL 

1.2.  Materials and Instruments 

Fe(NO3)3.9H2O (99% wt), walnut sawdust (40-

mesh), Pb(NO3)2 (99% wt), NaOH (99.5% wt), 

Na2SO4 (95% wt), CaCl2.2H2O (97% wt), 

Ammonia solution, (all from Merck Co, 
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Abstract 

In this study, Magnetic Fe3O4-walnut sawdust nanocomposite was synthesized and used for removal of lead from 

aqueous solution. The size, structural, optical and morphological properties of nanoparticles have been analyzed by 

Scanning Electron Microscope )SEM) and Dynamic Light Scattering method. The effect of pH, contact time, 

adsorbent dose, initial concentration, ionic strength and the effect of temperature on the adsorption was checked out 

in a batch process mode. Using the equilibrium constants obtained at different temperatures, the thermodynamic 

results parameters were calculated as ∆G, ∆H and ∆S. The thermodynamic parameters showed that the uptake of lead 

is spontaneous and endothermic. The data were fitted with the Langmuir and Freundlich equations to describe the 

adsorption equilibrium. The maximum adsorption capacity by using Langmuir equation was calculated 12.99 mg/g. 

The kinetic data followed by Pseudo second. Owing to such outstanding features, Magnetic Fe3O4-walnut sawdust 

nanocomposite proved the great potential in adsorption lead removal from aqueous solutions. 
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Germany). Standard solutions of lead ions (1000 

ppm) were prepared by dissolving of Pb(NO3)2 

salt in the distilled water.A SensAA GBC 

(Dandenong, Australia) atomic absorption 

spectrometer was used for measurement of lead in 

air-acetylene flame. A mechanical shaker KS 130 

basic (Deutschland, Germany) having speed 

control and timer was used for batch experiments. 

A Metrohm pH meter (Herisau, Switzerland) was 

employed for pH measurements. The 

concentrations of the lead solutions were obtained 

using data from a standard calibration curve. 

 

2.2. Preparation of magnetic sawdust (MSD)  

Walnut sawdust sample was supplied from the 

local market in Kerman and were ground with a 

household blender until very smooth fine powder 

was obtained. The particles were passed through a 

40-mesh sieve (with 250 µm in pore size), washed 

with distilled water and dried in 25 °C. Magnetic 

sawdust was prepared through a simple and one-

step method in which preparation Fe3O4 and 

bonding to the sawdust was performed 

simultaneously. In a typical reaction procedure, 

4.0 g sawdust as a reducing agent was added to 50 

ml water containing Fe3O4.9H2O (0.1M). Then, 

mixture is stirred vigorously for 30 min at 80 °C 

for reduction of Fe3+ ions to Fe2+ ions. Then the 

pH value of the solution was adjusted to around 

10.5 by gradually addition of ammonia solution. 

With continuing vigorous stirring on the heater 

stirrer, the color of the suspension turned into 

black immediately. The suspension was cooled to 

room temperature, and MSD was separated from 

the suspension with magnetic field and washed 

several times with distilled water. The obtained 

magnetic particles were dried at 60 °C and stored 

for subsequent modification. The proposed 

reduction mechanism for synthesis Fe3O4 is 

summarized in Fig.1. 

 

 
Fig. 1.  Proposed reduction for synthesis of Fe3O4/SD. 

 

3.2.  Characterization of magnetic sawdust 

(MSD) 

The microstructure of magnetic sawdust 

nanocomposite was observed by Scanning 

Electron Microscopy (SEM) (Cam Scan 

MV2300) and is shown in Figure 2. Scanning 

electron micrographs were recorded without 

sample coating with 1000x magnification. SEM 

image of Fe3O4/SD showed that Fe3O4 

nanoparticles incorporate on the surface of 

sawdust as agglomerated form and other places 

also. These Fe3O4 nps are spherical in shape and 

prepared using sawdust powder as reducing agent. 

 

 
Fig. 2.  SEM image of magnetic sawdust.  

 

The Dynamic Light Scattering (DLS) test was 

also employed to specify the average particle size 

where its results are available in Figure 3. 

Accordingly, the average particles size after 

incorporating of the sawdust was greater than 100 

nm.  

 

 
Fig. 3.  DLS spectrum of magnetic sawdust (MSD). 

 

4.2. Adsorption method 

Batch adsorption experiments were carried out by 

shaking 0.15 g of the adsorbent (MSD) with 20 

ml of the aqueous solutions 30 ppm of lead in 

stoppered pyrex glass flask, at a fixed 

temperature. The initial pH of the solutions was 

adjusted with diluted HNO3 or NaOH 0.1 M 

solution and the shaking speed was 200 rpm for 

45 min. At the end of the adsorption period, the 

sorbent was separated from the suspension with 

magnetic field out and the lead concentration was 

determined using FAAS. 

The amount of Pb(II) ions adsorbed and 

percentage of removal of Pb(II) ions (Re%) was 

calculated using Equations (1) and (2). 
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qe= V(C0 - Ce)/M                                                (1) 

Re%=[(C0-Ce)/C0] ×100                                    (2) 

As qe is the amount of adsorbed Pb(II) ion per 

gram of the adsorbent, C0 is initial concentration 

and Ce is the equilibrium concentration of the 

Pb(II) (mg L-1) that is obtained from calibration 

curve and M is the mass of nanocomposite (g). 

 

3. RESULTS AND DISCUSSION  

1.3. Effect of pH 

The affinity of adsorbent functional sites for lead 

ions depends on the initial pH of the solution. 

Lead occurs as Pb2+, Pb(OH)+ and Pb(OH)2 

species in deionized water. Typically, Pb2+ ions 

exist in the 6.5 pH solution, afterward, in the pH 

range from 6.5 to 9.0 exist as Pb(OH)+. The effect 

of pH on adsorption of Pb(II) ions was studied 

over a pH range of 2-8 (Figure 4). The adsorption 

capacity for Pb2+ ions increased from pH 2 to 

about 6.5. In acidic range functional groups on the 

sorbent protonated and caused electrostatic 

repulsion to Pb2+ ions. In the alkaline range 

electrostatic attractions occur between cationic 

Pb2+ ions and anionic adsorbent surface. Further 

the adsorption of Pb2+ reduced above pH 6. Since 

at pH>6, Precipitation occurs due to forming lead 

hydroxide, the experiments were performed at pH 

6. 

The Similar results have been reported for the 

adsorption of Pb2+ ions by other authors [2,6].  

 

 
Fig. 4. Effect of pH on the removal of lead. 

 

2.3.  Effect of sorbent dose  

Effect of adsorbent dosage (m) on the uptake of 

lead was studied and is shown in Fig. 5. The 

percent removal of lead increased from 60.4% to 

95.9% with an increase in adsorbent amount. The 

removal of lead at m> 0.15 g remains almost 

constant. An increase in the removal with the 

adsorbent dosage can be attributed to greater 

surface area and the availability of more 

adsorption sites. At m< 0.15 g, the adsorbent 

surface becomes saturated with lead and the 

residual concentration in the solution is large. 

Thus, the dose of the adsorbent was fixed to 0.15 

g for the subsequent adsorption experiment.  

 
Fig. 5. Effect of adsorbent dosage on the removal of 

lead on MSD. 

 
3.3. Effect of contact time and initial 
concentration on Pb(II) adsorption 
The effect of contact time and Pb(II) 
concentration is depicted in Fig. 6, 7. The 
experiments were performed by varying contact 
time (3–60 min.) and initial Pb(II) concentration 
(30–150 mg/L) keeping all other parameters 
constant. The percent removal increased from 
65.0% to 95.9% onto composite with time. Pb(II) 
removal increased continuously upto 45 min and 
then removal efficiency remains constant. This 
may be attributed that initially, the active sites for 
Pb(II) ions are available in excess, but after time 
equilibrium attained due to the saturation of the 
sorbent active sites. 45 min was selected for more 
experiments. Herein the adsorption capacity of 
the sorbent increased from 3.8 to 12.8 mg/g as the 
initial concentration of Pb(II) ions increased from 
30 to 150 mg/L. These results suggested that the 
actual amount of Pb(II) ions adsorbed per unit 
mass of the sorbent increased with Pb(II) ion 
concentration. 
 

 
Fig. 6.  Effect of contact time on lead adsorption. 

 

 
Fig. 7. Effect of initial concentration on lead 

adsorption.  
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4.3. Effect of temperature on lead adsorption 

The effect of temperature on the adsorption of 

lead was studied by varying temperature in the 

range of 14–48°C. The lead removal increased 

with increase in temperature illustrating that 

adsorption of lead on the sorbent is endothermic. 

The Gibbs free energy change, ∆G0, is 

fundamental criterion of spontaneity. The sorption 

process of lead can be summarized by the 

following reversible process. The equilibrium 

constant (Kc) is defined as:     

 Kc=(C0– Ce)/Ce                                                 (3) 

where Ce is the concentration of lead at 

equilibrium. The Kc value is used in the following 

equation to determine the ∆G0 of sorption. 

ΔG0= -RTlnKc                                                   (4) 

The enthalpy (ΔH0) and entropy (ΔS0) can be 

calculated  from the slope and  intercept of Vant 

Hoff equation of ΔG0 versus T.                                                                                                                                                                                                                                                                                                                                                                                                       

∆G0= ΔH0-T ΔS0                                                        (5) 

R the gas constant (8.314 J mol-1K-1) and T is the 

absolute temperature (K). The obtained ∆G0 

values and the adsorption thermodynamic 

parameters are given in Table 1. The positive 

value ΔS0 shows the increase in degree of 

freedom or increase the disorder of adsorption 

lead on the sorbent and the positive value ΔH0 

indicates that adsorption process is endothermic.  

 
Table 1. Thermodynamic Parameters for adsorption of 

lead. 
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5.3. Equilibrium isotherms 

To better analyze the equilibrium relationship 

between lead and the nanocomposite the 

equilibrium data was examined by two common 

models: the Langmuir isotherm and the 

Freundlich isotherm. In this work, both isotherms 

were used to describe adsorption phenomena on 

the sorbent. Linear forms of Langmuir and 

Freundlich isotherm are given in Eqs. (6) and (7). 

Ce/qe = (1/Qb) + (1/Q) Ce                                              (6) 

Log qe = log Kf + 1/n log Ce                          (7)   

qe is the amount of adsorbed ion per gram of the 

adsorbent, b is Langmuir constant and Q is 

adsorption capacity expressed in mg g-1, n is the 

Freundlich constant, and Kf is the adsorption 

coefficient. 

The results showed the Langmuir model yields 

somewhat better fit for adsorption of lead. All the 

calculated parameters from intercepted and slope 

of plots according to Eqs. (6) and (7) are listed in 

Table 2.  

 
Table 2.  Langmuir and freundlich isotherm constants 

for lead. 

T(K) Langmuir isotherm Freundlich isotherm 
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298 12.99 0.16 0.94 4.52 0.23 0.87 

 

6.3. Effect of ionic strength 
The effect of various amounts of NaCl, CaCl2 and 
Na2SO4 on the sorption of lead on the MSD was 
examined. It was seen that the there was no 
significant decrease in the percent removal 
efficiency. As, even at high concentration of the 
salt, the MSD still has big percent removal 
efficiency and can be used to efficiency remove 
lead from aqueous solutions. 
 
7.3. Adsorption kinetics 
The adsorption kinetics described by the 
relationship between lead uptake and contact time 
that is discussed by Pseudo-First order and 
Pseudo-Second order, Eqs. (8,9). 
The Pseudo- First order equation is: 
log(qe-qt) = log qe – (k1/ 2.303) t                      (8) 
And the Pseudo-Second order equation is: 
(t/qt ) = (1/k2 . qe

2) + t /qe                                   (9) 
where qt is the amount of lead adsorbed at ‘t’ time 
(mg/g), t is the contact time (min), qe is the 
amount of lead adsorbed at equilibrium (mg/g), k1 
is the rate constant of Pseudo-First order reaction 
(min-1) and k2 is the rate constant of Pseudo-
Second-order reaction (g mg-1 min-1). The slope 
and intercept of plot of log (qe-qt) against time 
(min) were used to determine the First order rate 
constant k1. The calculated parameters of R2, qe,cal 

and qe,exp were listed in Table 3.  
 

Table 3.  Adsorption kinetic constants for 

adsorption of lead on the MSD. 
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It was observed that correlation coefficient (R2) 

was low and experimental data are not fitted well 

for Pseudo-First order reaction. Hence, the 

adsorption mechanism cannot be well described 

by Pseudo-First order kinetics. The Pseudo-

Second order rate constant k2 was calculated from 

the slope and intercept of the plot t/qt against time 

(Fig. 8). The calculated qe (qe,cal) was in good 

agreement with experimental qe (qe,exp) with 

correlation coefficient high (Table 3). These 

results confirm the well fitting of Pseudo-Second 

order model for adsorption of lead on to the 

sorbent. 

 

 
Fig. 8. Pseudo-Second order plot for lead adsorption. 

 

8.3. Desorption  

Adsorbed Pb2+ ions were removed from the new 

sorbent using H2SO4, HNO3, H3PO4 and HCl with 

concentrations of 0.1 and 0.5 M. As can be seen 

from Fig. 9, desorption of lead with H3PO4 0.1 M 

showed the highest desorption percent. However, 

the results show that the lead adsorbed can be 

easily desorbed from the sorbent even with low 

concentration of eluent. 

 

 
Fig. 9. Comparison of different eluents for recovery of 

lead. 

 

4. CONCLUSION 

In the present paper, a novel adsorbent, magnetic 

Fe3O4-walnut/sawdust (MSD) nanocomposite was 

synthesized, characterized and applied for 

removal of lead from water. The dispersion of 

Fe3O4 onto the surface of SD is confirmed by 

SEM. The optimum adsorbent dosage was 0.15 g 

at pH=6. The experimental data showed good fit 

to the Langmuir isotherm. Pseudo-Second order 

model is best fitted to lead adsorption.  
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 برای حذف سرب از آب 4O3Fe/و کاربرد نانوکامپوزیت مغناطیسی خاک ارهنتز س
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 چکیده

-ختیو ر یساختمان، خواص مورفولوژ ز،ی. سادیاستفاده گرد یآب یهاطیحذف سرب از مح یسنتز و برا یسیخاک اره/نانوذره مغناط تیکار نانو کامپوز نیدر ا

جاذب،  قدار، زمان تماس، مpHقرار گرفت.  یو بررس زیمورد آنال DLS ینور یو روش پراکندگ SEM یروبش یالکترون کروسکوپیم یهابا دستگاه یشناس
 یمختلف، پارامترها یبدست آمده در دماها یتعادل یهامطالعه شد. با استفاده از ثابت وستهیو اثر دما و با استفاده از روش ناپ یونیقدرت  ون،یغلظت کات

و  یجذب سرب خودبخود ندینشان داد که فرآ شیآزما نیدر ا یکینامیترمود یمحاسبه شدند. پارامترها 0,〖∆S〗^0,〖∆H〗^0^〖G∆〗مثل  یکینامیترمود
با مدل  یمربوطه تطابق بهتر یهاداده دیتعادل جذب استفاده شد. مشخص گرد فیتوص یبرا چیو فروندل ریلانگمو یجذب سطح یهازوترمیاست. ا ریگرماگ
با شبه مرتبه دوم مطابقت داشتند.  یکینتیس یهاگرم بر گرم محاسبه شد. دادهیلیم 19.11 ریجذب با استفاده ازمعادله لانگمو تیدارند. حداکثر ظرف چیفروندل

 .داشته باشد یآب یهاطیسرب از مح یهاونیحذف  یبرا یخوب لیتواند پتانسیم یسیکه خاک اره/ نانوذره مغناط دیرس جهینت نیمطالعه به ا
 

 هاي کلیديواژه

 .کینتیس ؛تینانوکامپوز ؛یسینانوذره مغناط-خاک اره ؛سرب ؛حذف

 
 
 


