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Study on the Effect of a Magnetic Field on Pb(II)
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ABSTRACT
This work examined the removal of Pb(II) using a chitosan derivative (SB, synthesized from benzaldehyde) assisted by
a magnetic field. The adsorption capacity for Pb(II) was investigated. It was found that 1) the pH and concentration of
the ion solution, as well as exposure time and strength of magnetic field, affected the degree of adsorption; and 2) studies of the adsorption isotherms and kinetics of ions onto SB revealed that SB showed enhanced adsorption capacity
towards Pb(II) ions in a magnetic field compared with magnetically untreated samples. The Langmuir and Freundlich
isotherm were applied to describe the experimental adsorption, and the maximum adsorption capacity of SB for Pb(II)
was 2.5040 mg/g, when assisted by a magnetic field of 480 kA/m.
Keywords: Magnetic Field; Chitosan; Pb(II); Removal

1. Introduction
Lead, an element belonging to non-degradable environmental pollutants, is widely distributed in nature. Lead
ions and soluble lead salts are toxic and can cause harm
on human health and plant growth. It can poison the nervous and blood system, cause convulsions, neurological
retardation and anemia, affect child development in particular. Molecular mechanism indicates that the free state
Pb(II) is toxic form, if a stable complex of the ligand can
form, the concentration of free state Pb(II) in the human
body will reduce the free state, thereby decrease the toxicity of lead on human [1].
Traditional methods for eliminating dissolved heavy
metal ions include oxidation-reduction, chemical precipitation, filtration, ion exchange, electrochemical treatment,
application of membrane separation and evaporation recovery. However, these processes have considerable disadvantages including incomplete metal elimination, high reagent or energy consumption, expensive equipment
and monitoring system requirements and the generation
of toxic sludge or other waste products that require disposal [2-5].
In this paper, a magnetic field was applied to strengthen the adsorption of Pb(II) ions by the adsorbent. It has
been demonstrated in recent years that magnetic fields
influence the physicochemical properties of water and
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aqueous solutions and suspensions [6-24]. Different hypotheses for the influence of magnetic fields on water
and aqueous solutions have been extensively studied [2527]. For example, Colic and Morse [25] indicated that
electromagnetic fields exerted their effects through a perturbation of the gas/liquid interface and that these effects disappeared after the system was degassed. Furthermore, Madsen [27] investigated the influence of a magnetic field on the precipitation of some inorganic salts.
Chitosan (CS) is a basic polysaccharides in which the
-NH2 groups can form -NH3+ under acidic conditions. In
addition, these -NH2 groups cannot entirely take part in
the coordination of metal ions, limiting its adsorption capabilities and being disadvantageous for regeneration.
Recently, there has been a growing interest in the chemical modification of CS to improve its water solubility
and strengthen its adsorption capabilities [28-32]. For
example, the -NH2 groups of CS can react with aldehydes or ketones to form imines (Schiff base). It was reported that chitosan Schiff base (SB) could have excellent chelation ability with heavy metal ions [33].
The purpose of this study was to investigate the adsorption behavior of Pb(II) on SB in a magnetic field. The
influence of experimental conditions, such as exposure
time, strength of magnetic field and the pH and concentration of Pb(II) ion solution, on the adsorption were
studied. This information might be useful for further application in the treatment of waste effluents.
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All these batch tests were conducted in 100 ml stoppered flasks in a water bath kept at 298 K. The agitation
rate was held constant at 120 rpm.

2. Experimental Procedure
2.1. Materials and Apparatus
Schiff base prepared by the reaction of the -NH2 groups
of CS and aldehydes of benzaldehyde (SB [34]); acetic
acid and other chemicals used were analytical reagent.
The setup for generating the magnetic field, shown in
Figure 1 and Table 1, was provided by the Light Industry and Chemical Engineering Research Institute at the
South China University of Technology.

2.2. Measurement of Pb(II) Ions
A stock solution (1000 mg/L) of Pb(II) ions was prepared
from ultra-pure Pb(NO3)2. The stock solution was then
diluted to give standard solutions of appropriate concentrations. The pH of the solutions was adjusted with HNO3
and citrate-sodium sulfite reducing solution. Then, the reaction medium was extracted with chloroform and measured using a spectrophotometer (Shimadzu UV2102PC)
at 510 nm with diphenylhydantoin as the complexing agent.

2.3. Adsorption Experiments
All adsorption tests, including kinetics, isotherms and magnetic field treatment, were performed as batch experiments with duplicates. Adsorption kinetics was generated
with a fixed absorbent mass and constant conditions
while the adsorption of Pb(II) ions for different times
was investigated. The pH of the metal solution in these
tests was adjusted to 4. In addition, when the adsorptions
were observed in a magnetic field, the magnetic field
strength was fixed at 400 kA/m.
Adsorption isotherms are typically generated either with
a fixed absorbent mass and varying initial Pb(II) ion
concentration (C0) or with varying absorbent mass and a
fixed C0 level. The latter approach was used in this study.
At least nine samples of 10 ml each with different Pb(II)
ion concentrations ranging from 5 mg/L to 30 mg/L were
placed in 50 ml conical bottles with 0.100 g of absorbent.
The initial Pb(II) ion solutions were prepared by serial
dilution of standard 1000 mg/L stock solutions.
When the effect of magnetic field treatment was studied, the magnetic field strength was varied from 160
kA/m to 800 kA/m. Meanwhile, the pH of the solution
and the exposure time were fixed at 4 min and 30 min,
respectively.

3. Results and Discussion

Figure 1. Adjusted magnetic field equipment. 1. Voltage transformer; 2. Regulator; 3. Device for recording the strength of
the field; 4. Ammeter; 5. Voltmeter; 6. Coil; 7. Iron core; 8.
Shell; 9. Handlebar; 10. Stand.
Table 1. The main performance parameters of the magnetic
field.
Main property

parameter

Total number of turns of excitation coil

3200 turns

Total resistance of coil

8.8 Ω

Maximum safe magnetic current

12.5 Α

Diameter of iron core

100 mm

Transversal surface area of magnetic pole

78.5 cm2

Space of magnetic pole

0 cm - 10 cm

Consumed power

1.4 kW

Total weight

440 Kg
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Adsorption kinetics and adsorption isotherms play important roles in research on the adsorption capacity of an
absorbent. Therefore, the exposure time and pH of metal
solutions were studied in this report. Meanwhile, the effect of field strength and concentration of Pb(II) solution
on the adsorption was also investigated. Finally, adsorption isotherms were also assessed.

3.1. Effect of Exposure Time
The adsorption kinetics curves of CS and SB untreated
by magnetic field are shown in Figure 2. The exposure
time varied in the range of 0 h - 180 h, and the initial
metal concentration was fixed at 30 mg/L. According to
Figure 2, the trend in adsorption quantities and adsorption rates over time was similar for CS and SB. Specifically, adsorption increased with increased exposure time
but then remained almost constant after a certain value,
eventually achieving equilibrium. The time to equilibrium was 120 min for CS and approximately 60 min for
SB. This phenomenon indicated that the adsorption rate
of SB was higher than that of CS. It also could be seen
that the adsorption quantity and adsorption rate of SB were
higher than those of CS at any given time period. The adACES
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sorption quantity and adsorption rate of SB corresponded to
at least 0.8907 mg Pb(II)/g SB and 29.68% for Pb(II).
Figure 3 shows the adsorption kinetics curves of CS
and SB in a magnetic field of 400 kA/m. As can be seen,
the trend was similar to the adsorption kinetics curves
without magnetic field treatment. However, the periods
required for adsorption equilibrium of CS and SB were
both shorter (i.e., the equilibrium periods of CS and SB
were 90 min and 30 min, respectively). Comparing Figures 2 and 3, the adsorption quantity and adsorption rate
of SB assisted by a magnetic field of 400 kA/m were at
least 0.1003 mg Pb(II)/g SB and 3.34% higher than that
of SB without assistance of magnetic field at any given
time point for Pb(II). Furthermore, the adsorption quantity and adsorption rate of SB were at least 0.6555 mg
Pb(II)/g SB and 21.85% more than those of CS at any
corresponding adsorption period in the magnetic field of
400 kA/m. Therefore, the adsorption capabilities of CS and
SB were enhanced in the presence of a magnetic field.

3.2. Effect of Magnetic Field Strength
The effect of magnetic field strength on adsorption is
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shown in Figure 4. In light of the data presented in Figure 4, the adsorption capability of SB in a magnetic field
was enhanced in the magnetic field strength range of 160
kA/m - 800 kA/m after 30 min. Furthermore, from 160 to
480 kA/m, the adsorption quantity and adsorption rate
increased dramatically. However, the change became
much less outside of this field strength range. Taking into
account energy conservation, the magnetic field strength
of 480 kA/m was recommended for further adsorption
enhancement applications.

3.3. Effect of PH
The pH of the metal ion solution is an important parameter in the adsorption process as a whole and on the adsorption capacity of SB in particular. Figure 5 shows the
effect of pH on the adsorption capacity of SB for Pb(II)
after exposure in a 480 kA/m magnetic field for 45 min.
It can be seen that the amount of Pb(II) adsorbed by SB
slowly increased when the pH of the metal solution increased from 1 to 5. The maximum adsorptions of Pb(II)
ions on SB were found at pH 4.0 in a 480 kA/m magnetic
field.

Figure 2. Effect of exposure time on adsorption of Pb(II) on CS and SB (Metal concentration: 30 mg/L; Dose: 0.0100 g/ml;
pH 7.4).

Figure 3. Effect of exposure time on adsorption of Pb(II) onto CS and SB in a magnetic field (Metal concentration: 30 mg/L;
Dose: 0.0100 g/ml; pH 7.4; Strength of magnetic field: 400 kA/m).
Copyright © 2012 SciRes.
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Figure 4. Effect of field strength on adsorption of Pb(II) onto SB in a magnetic field (Metal concentration: 30 mg/L; Dose:
0.0100 g/ml; pH 7.4; Exposure time: 45 min).

Figure 5. Effect of pH on adsorption of Pb(II) onto SB in a magnetic field (Metal concentration: 30 mg/L; Dose: 0.0100 g/ml;
Exposure time: 45 min; Strength of magnetic field: 480 kA/m).

3.4. Adsorption Isotherms
To investigate the adsorption mechanism, the kinetics data obtained were analyzed using the Langmuir equation
(Equation (1)) and the Freundlich equation (Equation
(2)).
Q0 bC eq
(1)
q eq＝
1  bC eq
1
lgq eq  lgK  lgCeq
n

(2)

where Q0 is the maximum amount of metal ion per unit
weight of cell to form a complete monolayer on the surface bound at high Ceq (mg/g), and b is a constant representing the affinity of the binding sites. Q0 stands for a
practical limiting adsorption capacity when the surface is
fully covered with metal ions and assists in the compareson of adsorption performance, particularly in cases where the sorbents do not reach their full saturation. Values
of Q0 (mg/g), b (L/mg), and K, and 1/n were calculated
from the linear plot of 1/qeq vs 1/Ceq, the intercept of linear regression, and the plot of lgqeq – lgK vs lgCeq, respectively. The metal ion adsorption experiments were
carried out at different initial ion concentrations ranging
Copyright © 2012 SciRes.

from 5 mg/L to 30 mg/L at the optimum pH of 4 under
agitation at 130 rpm. In order to develop an equation that
could accurately describe the experimental results and
could be used for design purposes, analysis of isotherm
data was important [2,35]. In addition, adsorption isotherms can be used to represent how a solute interacts with
an adsorbent and to optimize the use of an adsorbent.
Figure 6 displays the Langmuir and Freundlich models, respectively, of Pb(II) adsorption onto SB. The correlation coefficient and linear regression values are summarized in Table 2. The data indicated that the Langmuir
and Freundlich models were useful for describing the
experimental data.

3.5. The Effect of Initial Concentration of
Metal Ions
During the adsorption process of a solute from a solution
onto a solid surface, there is a dynamic equilibrium between the solute adsorbed on the solid surface and the
solute remaining in solution. Figure 7 reveals that the
adsorption capacity of SB for Pb(II) ions increased with
increasing metal concentration. The maximum adsorption capacity of 2.5040 mg Pb(II)/g SB was reached at 40
mg/L metal ion solution concentrations.
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Figure 6. Effect of pH on adsorption of Pb(II) onto SB in a magnetic field (Metal concentration: 30 mg/L; Dose: 0.0100 g/ml;
Exposure time: 45 min; Strength of magnetic field: 480 kA/m).
Table 2. Parameters for the Langmuir and Freundlich equations.
Metal ions
Pb(II)

Langmuir
0

Freundlich
2

Q

b

R

3.2906

14.50 × 10–2

0.9971

K

1/n

R2

0.1519

0.6595

0.9960

The values were the average of three experiments; the temperature was 298 K.

4. Conclusions

Figure 7. Effect of metal concentration on adsorption of
Pb(II) onto SB in a magnetic field (Dose: 0.0100 g/ml; Exposure time: 45 min; Strength of magnetic field: 480 kA/m;
pH 4).

3.6. Discussion of the Mechanism for Magnetic
Treatment of Adsorption Systems
It was previously reported [36] that magnetic treatment
could reduce the viscosity and surface tension of solutions, an effect possibly concerned with resonance. When
the magnetic field and the oscillation frequency of the
molecules were in tune, resonance could occur. This resonance would then impart energy to the system for activation, changing the structure and nature of the material
in the magnetic field. Magnetic treatment could thus
promote the adsorption of metal ions. However, the mechanism of magnetic treatment remains to be clarified in
an in-depth study.
Copyright © 2012 SciRes.

The adsorption of chitosan (CS) could be improved by
condensation with benzaldehyde to form a Schiff base.
The chitosan-benzaldehyde Schiff base (SB) had an excellent adsorption capacity for Pb(II). This SB could adsorb twice as much Pb(II) as CS in half the time. This adsorption could be expressed with the Langmuir and Freundlich isotherm equation.
The adsorption ability, including adsorption amount
and adsorption rate, could be enhanced with a suitable
magnetic field. For example, upon treatment with a field
strength of 480 kA/m, the adsorption equilibrium period
for metal ions on SB shortened from 60 min to 30 min. In
the future, the mechanism of magnetic treatment on adsorption will have to be studied deeply.
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