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Abstract 

In this study, magnetic alginate nanoparticles (AlgMNP) were synthesized using a simple and 

green two-step method, which can be easily developed on an industrial scale. First,  

coprecipitation of both ferric and ferrous ions in alkaline medium followed by oxidation of 

magnetite into maghemite leads to a stable colloidal dispersion called ferrofluid. A sodium 

alginate solution was then added to the ferrofluid in order to obtain the magnetic 

nanocomposite. This approach combines the advantages of a biopolymer with magnetic 

properties of the maghemite nanoparticles. The morphology, structure, size and composition 

of the magnetic nanoparticles were characterized by means of atomic absorption 

spectrometry, transmission electron microscopy, X-ray diffraction, Fourier-transform-infrared 

spectroscopy and thermogravimetric analysis. Adsorption is one of the most efficient 

treatments for the removal of pollutants from wastewater. But the development of efficient 

and environmental friendly adsorbent still remains challenging. Using AlgMNP as a magnetic 

adsorbent could be a suitable response to this challenge. Its adsorption efficiency was 

investigated by using methylene blue as pollutant. The effects of pH, contact time, and initial 

concentration of the dye on adsorption were investigated. The high adsorption capacity with 

respect to the dye in a wide pH range (273 mg/g) was explained by the way magnetic 

nanoparticles bind to the alginate chains. We assumed an organization with alginate strands 

decorated by the magnetic nanoparticles leaving the adsorption sites of the particles more 

accessible rather than a configuration with a complete coating of magnetic nanoparticles by 

alginate. The reusability was successfully demonstrated through 10 adsorption/desorption 

cycles.  
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1 Introduction 

Among the different technologies used for the removal of pollutants from industrial 

effluents, adsorption is considered to be an efficient and economic process easy to implement. 

However, the preparation of adsorbents that can efficiently remove pollutants, while 

exhibiting green properties and facilities for industrial development still remains challenging 

(1). Moreover, separating adsorbents from water after pollutants extraction remains a 

laborious and time-consuming step. Using magnetic adsorbents makes it possible to overcome 

these difficulties. Indeed, these materials can be easily extracted from the treated water by 

applying a simple magnetic process reducing the risk of secondary pollution of the 

environment by waste accumulation (2).  

Magnetic nanoparticles and more particularly iron oxide nanoparticles have been widely 

studied and used since a long time in many fields such as hyperthermia, magnetic drug 

delivery, magnetic resonance imaging, data storage, environmental remediation and so on (3-

8,9,10). These applications often need a surface engineering of the magnetic nanoparticles 

and the research of appropriate compounds to introduce additional functionalities to the 

nanoparticles attracts more and more attention. Nevertheless, it is still a challenge to 

synthesize functionalized magnetic nanoparticles in a controlled manner, especially when 

green and large-scale conditions are required (11).  

Composites based on natural polymers are in focus as green adsorbents and among them, 

alginate seems to be a good candidate due to its strong adsorption properties. Alginate, mainly 

extracted from brown algae, is a water-soluble linear polysaccharide, which combines 

features of abundant resources, low-cost, biocompatibility and biodegradability. This natural 

polyelectrolyte is composed of β-D-mannuronate (M) and α-L-guluronate (G) units arranged 

in blocks rich in G units (G-block) or M units (M-block) separated by blocks of alternating G 

and M units (MG-block) (12).  Alginates are extensively used in biotechnologies, medicine or 

food industry (13,14). It is mainly their gelling properties that are at the origin of their 

industrial applications. Due to this ability to form stable hydrogels, alginates can encapsulate 

different materials (15), which can strengthen their adsorption properties or confer them other 

properties, such as, for example, magnetic properties when magnetic nanoparticles are trapped 

in the polymer matrix (16-19). Therefore, alginate is currently a hot topic for environmental 

research and many polymer nanocomposites are developed for applications in this field (20-

24).  

Recently, different methods have been reported for the synthesis of magnetic alginate-

nanoparticles (25-29). Two types of strategies are usually adopted: the magnetic nanoparticles 
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are either synthesized in-situ in the alginate matrix, or synthesized separately (co-

precipitation, hydrothermal treatment, etc.) and subsequently added to the alginate solution 

(so-called two-step method). However, in most of these materials, magnetic nanoparticles 

consist in magnetite (Fe3O4), which is readily oxidizable and especially unstable in acidic 

environment (30), which complicates the regeneration of this kind of materials. In addition, 

they are mainly used for biomedical applications (28).  

This study reports the synthesis of alginate/maghemite nanoparticles (AlgMNP) for the 

adsorption of water pollutants. The use of maghemite (γ-Fe2O3) instead of magnetite as 

magnetic core is of particular interest because of the much larger stability of this phase. In 

addition to the green character and the adsorption sites of alginate, magnetic properties of the 

nanoparticles allow their fast extraction from complex environmental samples with a simple 

magnetic process. The two-step method described here consists first in the preparation of size-

controlled maghemite nanoparticles (MNP) dispersed in diluted nitric acid to form a stable 

ferrofluid. Alginate solution is then added to the ferrofluid to obtain the magnetic adsorbent. 

Alginate is bound to the surface of the MNP through its carboxylate functions; the remaining 

carboxylate groups can then be used to adsorb pollutants in water. This method, easy to 

implement, is an attractive approach for effective clean-up procedure because it does not use 

toxic products and can be developed at an industrial scale. Moreover, there is no need of 

centrifugation or filtration steps due to the magnetic properties of the materials used. The 

potential use of AlgMNP for water treatment was investigated through adsorption 

experiments, methylene blue being chosen as a model of pollutant. Dyes are compounds 

widely used in the industry and their presence in effluents is of serious concern because of 

their toxic effects for both environment and human health (31). The influence of pH, contact 

time, dye concentration on adsorption efficiency was studied. The reusability of the magnetic 

composite was demonstrated through adsorption/desorption cycles. We made a special effort 

to understand the interactions between the dye and the adsorbent. A good knowledge of our 

system and the control of the synthesis parameters enabled us to predict the number of active 

sites involved in the adsorption of the pollutant, which was then compared with the 

experimental results.  

2 Experimental  

2.1 Chemicals 

Sodium alginate was purchased from Sigma Aldrich. The weight average molar weight (Mw) 

and the number average molar weight (Mn), obtained by gel permeation chromatography, are 

respectively 2.74x10
5
 and 1.49x10

5 
g/mol, leading to a polydispersity index (IP) equal to 1.8. 
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The amount of carboxylate functions of alginate (pKa = 3.4-4.2 (32,33)) was obtained from 

the dosage of their sodium counterions ([Na]alg) by atomic absorption spectrometry with a 

Perkin–Elmer Analyst 100 apparatus. It is equal to 4.2 ± 0.1 mmol/galg.  

Methylene blue (MB) was purchased from Sigma-Aldrich (M=373.9 g/mol). Stock solutions 

of MB were obtained by dissolving the powder in distilled water. Their concentrations were 

measured by spectrophotometry at λ=664nm using a UV-Visible UVIKON XL Secoman 

apparatus; the extinction coefficient ε664 is 83243 molL
-1

cm
-1

.  

 

2.2 Preparation of magnetic nanoparticles 

A two-step procedure was used to obtain AlgMNP. In the first step, maghemite (-Fe2O3) 

nanoparticles (MNP) were synthesized according to the Massart’s method (34,35) by alkaline  

co-precipitation performed by rapid addition of concentrated ammonium hydroxide (20%, 1L) 

in an aqueous stoichiometric mixture of FeCl2 and FeCl3 obtained by mixing 180 g of 

Fe(II) salt (0.9 mol) and 715 mL of Fe(III) solution (1.5 mol) in acidic medium (HCl). The 

resulting dark black magnetite (Fe3O4) was then stirred in nitric acid (360 mL, 2 moL/L), 

oxidized into maghemite by a boiling solution of Fe(NO3)3 (323g, 1.3 mol) and, after 

washing, dispersed into water leading to a stable magnetic fluid called ferrofluid. The pH 

value of the resulting suspension is about 2. At this time, nanoparticles are positively charged 

with nitrate counterions. In the second step, alginate solution (18 g/L) was added to the 

diluted ferrofluid to obtain the alginate-bound maghemite nanoparticles. Preliminary studies 

were carried out to optimize the ratio   
    

    
 (mAlg being the introduced weight of alginate 

and mMNP, the weight of maghemite nanoparticles calculated from the iron concentration of 

the ferrofluid). Then, the reaction mixture was stirred for 30 min with an orbital shaker at 

50°C. The alginate-bound maghemite nanoparticles were recovered from the reaction mixture 

by centrifugation (20min, 7500 rpm) or by using a permanent magnet with a surface 

magnetization of 800 G (typical value of the magnetic field at 1.5cm from a cylindrical 

Nd/Fe/B magnet with a diameter of 2.5cm and a height of 1cm). Then, nanoparticles were 

washed three times using distillated water and dried 48h in an oven at 70°C. 

 

2.3 Characterization 

The size and morphology of the magnetic nanoparticles were observed by transmission 

electron microscopy using a Jeol model JEM 100 CX at 100 kV. The magnetic size 

distribution of the nanoparticles, which can be approximated by a lognormal law, was 

obtained by fitting magnetization curves parameters and led to the mean diameter dAim (ln 
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dAim = <lnd>) and distribution width Aim of the nanoparticles (36). The experimental device 

for the magnetic measurements was based on the one described by S. Foner (37). X-ray 

diffraction (XRD) on dried samples using a Rigaku Ultima IV apparatus with a copper anode 

(Cu Kα radiation,  = 1.54178Å) was performed to identify the crystallographic structure and 

size of the nanoparticles. The equivalent iron concentration of the ferrofluid ([Fe]) was 

determined by atomic absorption spectrometry using an air-acetylene flame (Perkin Elmer 

AAnalyst 100 apparatus). Before measurements, magnetic nanoparticles were heated to 

ebullition in concentrated hydrochloric acid (≈12 mol L
-1

) until total dissolution of the 

nanoparticles into iron (III) ions was achieved. The amount of alginate bound on 

nanoparticles was estimated from the thermogravimetric analysis (TGA) performed on dried 

nanoparticles in air atmosphere with a heating rate of 10°C/min (TA Instruments SDT Q600). 

FT-IR spectra of pure alginate, MNP, and AlgMNP were recorded in KBr discs in the range 

of 4000-400 cm
-1

 on a Bruker Tensor 27 to check the binding of alginate to maghemite 

nanoparticles. 

 

2.4 Adsorption/desorption experiments 

Batch adsorption experiments were carried out at room temperature (≈20°C). 100 mg (m) of 

dried AlgMNP (R=0.14) were added to 10 mL (V) of MB at initial concentration C0, pH of 

the samples being adjusted using either HNO3 or NaOH solutions. After stirring using an 

orbital shaker (IKA KS 260) (2h to reach equilibrium), nanoparticles were removed 

magnetically from MB solution. The concentration of MB remaining in solution at 

equilibrium (Ceq) or at a given time t (Ct) was measured by UV-Visible spectrophotometry at 

664 nm. We checked for each measure that there was no change in the BM spectrum. In 

particular, no trace of alginate that could complex the BM appeared in the solution to be 

analyzed, which means that the AlgMNP retain their integrity during the various tests. The 

amount of adsorbed dye at equilibrium (Qeq) or at a given time t (Qt) was deduced using the 

mass balance equation   
       

 
. 

For the desorption study, 100mg of AlgMNP were first added to 10mL of MB solution (C0 = 

200 mg/L) at pH 7. After two hours of stirring, the nanoparticles were magnetically 

recovered, gently washed with distilled water and then introduced into 10 mL of nitric acid 

0.01 mol/L for 30 minutes. The particles were again separated from the solution. The quantity 

of desorbed MB was then determined by UV-Visible spectrophotometry. Before the next 
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adsorption, the particles were washed to raise the pH to about 7. Ten adsorption/desorption 

cycles were carried out.  

3 Results and discussion 

3.1 Determination of the optimal concentration of polymer 

At first, the optimal ratio   
    

    
 needed to obtain an adsorbent with a high dye adsorption 

capacity was determined. For this, increasing amounts of alginate solution were added to a 

ferrofluid at an initial iron concentration [Fe]i=0.4 mol/L (mMNP=640mg), the total volume of 

the solution being 20 mL. Without alginate (R=0), the ferrofluid is a stable colloidal 

dispersion. Upon addition of alginate, a progressive flocculation of the ferrofluid occurs 

(Figure 1), which was followed by the determination of the iron concentration in the 

supernatant ([Fe]s) (Figure 2).  

 

 

 
R=0 

 

 
R=0.05 

 

 
R=0.14 

 

 
R=0.20 

Figure 1: Effect on the amount of alginate on the stability of the ferrofluid. 

 

For R>0.14, flocculation is complete, there is no more nanoparticles in the supernatant, which 

appears colorless. This macroscopic phase separation was also followed by measuring the 

height of the brown precipitate (h). These measurements were carried out at equilibrium after 

leaving the samples on a magnet. As can be seen in Figure 2, h remains roughly constant for 

R > 0.14. 
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Figure 2 : Evolution of iron remaining in the supernatant ([Fe]s /[Fe]i) and of the height of the precipitate (h) 

with R  (inner diameter of the bottle = 2.7 cm). 
 

The stability of the ionic ferrofluid used is due to electrostatic repulsions between the charged 

nanoparticles. Without alginate, the charges of the nanoparticles come from the ionization of 

hydroxyl groups at their surface. The surface charge is positive for a pH value below the point 

of zero charge (PZC) of the nanoparticles and negative for pH above the PZC. The ferrofluid 

flocculates for a pH value close to the PZC; for maghemite, the PZC is located around pH 7 

(38). The pH of the ferrofluid used in the samples being close to 2, nanoparticles are 

positively charged with nitrate counterions. By adding alginate, a self-assembly between 

negatively charged alginate and positively charged nanoparticles occurs involving the 

carboxylate functions of alginate; the surface charge of the nanoparticles decreases and the 

ferrofluid flocculates. In conclusion, we retained R=0.14 for the preparation of magnetic 

alginate nanoparticles.  

3.2 Characterization of the magnetic nanoparticles 

Magnetic nanoparticles were carefully characterized before investigating their adsorption 

properties. The iron concentration of the ferrofluid determined by atomic absorption 

spectrometry is 1.7 mol L
-1

. A typical transmission electronic microscopy (TEM) picture of 

this diluted ferrofluid before alginate addition shows that the shape of the magnetic 

nanoparticles is roughly spherical. The analysis of the TEM pictures with the free software 

ImageJ leads to a mean diameter dTEM equal to 7.6 nm with a polydispersity of 0.5. 

               
Figure 3 : A stable ferrofluid (left) and MNP picture obtained by transmission electron microscopy (right) 
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The mean diameter (dAim) and the polydispersity index (Aim) of the naked nanoparticles were 

also obtained from a two-parameter fit of the magnetization curve of diluted ferrofluid (39); 

they are 7.4 nm and 0.4 respectively.  

X-ray diffraction patterns (XRD) of MNP and AlgMNP are displayed in Figure 4. The 

characteristic peaks related to the crystal planes (220), (311), (400), (422), (511) and (440) are 

consistent with the data in JCPDS 39-1346 file corresponding to the maghemite structure. It is 

worth noting that the AlgMNP exhibit the same characteristic peaks as the naked MNP, 

indicating that alginate did not alter the crystalline phase of iron oxide. The average diameter 

of the nanoparticles, dRX, calculated through full width at half maximum of the strongest 

reflexion of the diffractograms, using the Scherrer equation, is 7.7 nm for both MNP and 

AlgMNP.  

 

 

Figure 4 : XRD of AlgMNP (a) and MNP (b) 

 

Evidence of the binding of alginate to the nanoparticles was provided by FT-IR analysis. The 

spectra of pure alginate, MNP and AlgMNP are shown in Figure 5. The corresponding 

characteristic bands and their attribution are listed in Table 1. The broad bands in the range 

2600-3600 cm
-1

, present in the three spectra,
 
can be attributed to stretching vibrations of -OH 

bonds of alginate and sorbed water on nanoparticles. The weak peak at 2920 cm
-1 

on the 

alginate spectrum
 
is assigned to –CH2 groups. Alginate also displays characteristic bands at 

1618 and 1420 cm
-1 

corresponding to the asymmetric and symmetric stretching vibrations of 
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the carboxylate, respectively. The bands at 1094 and 1026 cm
-1

 are attributed to C-O bond in 

–C-OH groups. The bands at 581 and 631 cm
-1

 observed on the MNP spectrum are the 

signature of the Fe-O bonds. Moreover the intense narrow band at 1385 cm
-1

 is related to the 

nitrate counterions of the MNP. The small band at 1621 cm
-1

 is probably due to the 

deformation vibration of adsorbed water. The AlgMNP spectrum exhibits the characteristic 

bands from both alginate and MNP. The alginate carboxyl absorption bands are slightly 

shifted to 1609 and 1408 cm
-1

 probably due to the modification of the carboxyl environment, 

sodium ions being replaced by surface iron from MNP. However, no significant shifts are 

observed for Fe-O bands. The most notable change is the strong decrease of the nitrate band 

due to the replacement of nitrate ions by carboxylate from alginate. These results indicate that 

alginate was successfully bound to the MNP.  

 

Figure 5 : FT-IR spectra of alginate (a), MNP (b) and AlgMNP (c). 

 

Wavenumber cm
-1

 Assignment 

Alginate 

3431 O-H stretching vibration 

2920 Aliphatic C-H stretching vibration 

1618 and 1420 Asymmetric and symmetric stretching vibrations 

of carboxylate groups 

1094 and 1026 Stretching vibration mode of C-O bond in C-OH 

groups 

MNP 

3385 Stretching vibration of hydroxyl groups of 

sorbed water 

1621 Deformation vibrations of adsorbed water 

a	

b	

c	
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1385 NO3
-
 antisymmetric stretching mode 

581 and 631 Stretching vibration of Fe-O bond 

AlgMNP R=0.14 

3360 O-H stretching vibration (alginate and sorbed 

water on MNP) 

1609 and 1408 Asymmetric and symmetric stretching vibrations 

of carboxylate groups of alginate 

1094 and 1030 Stretching vibration mode of C-O bond in C-OH 

groups of alginate 

576 and 629 Stretching vibration of Fe-O bond (MNP)  
Table 1:  FT-IR analysis of alginate, MNP and AlgMNP (25,26,29,40-42). 

 

In order to calculate the amount of alginate bound to the MNP, we used thermogravimetric 

analysis (TGA). Figure 6 displays the curves from 20°C to 500°C for alginate, MNP and 

AlgMNP. TGA curve of MNP exhibits weight losses of 6% (up to 150°C) and 4% (between 

150°C and 360°C) due to physically and chemically adsorbed water respectively. The alginate 

curve shows a first weight loss of 18%, between 50°C and 200°C, which corresponds to the 

water desorption and to the destruction of glycosidic bonds. Beyond 250°C, the glycosidic 

bonds were further destroyed (43). The total weight loss for alginate is 60%. In the case of 

AlgMNP, a weight loss of about 7% was observed from 20°C to 180°C due to the loss of 

water. In the second stage (180-360°C), the weight loss is about 9%, which was assigned to 

the thermal degradation of alginate adsorbed onto the surface of the maghemite nanoparticles. 

These results show that AlgMNP are stable below 180°C and that the samples contain 84±1 

wt.% of γ-Fe2O3 and 9±1 wt.% of alginate. Thus the weight ratio of bound alginate to 

maghemite nanoparticles is 0.11. This value is slightly higher than reported values obtained 

for the coating of magnetite nanoparticles by alginate (29,40). From the density of the 

maghemite (ρ=5.074 g/cm
3
) and the average molecular weight of alginate (Mw=200,000 

g/mol), it was estimated that 0.4 alginate chains on average were bound to each nanoparticle 

or about 2.6 nanoparticles were bound to each alginate chain. A similar result was obtained 

with PAA-magnetite nanoparticles (Mw,PAA=180,000 g/mol); the authors have shown that 

about 2 PAA were bound to one particle (44). In our case, it is probably more accurate to 

consider alginate chains decorated with nanoparticles rather than an alginate coating around 

the nanoparticles. AFM images obtained by Ma et al. showing magnetite nanoparticles bound 

to the strands of alginate macromolecules corroborate this assumption (26).  
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Figure 6 : TGA curves of MNP (a), AlgMNP R=0.14 (b) and pure alginate (c). 

 

 

3.3 Adsorption studies 

a. Effect of pH on MB adsorption 

The charge and adsorption properties of the adsorbent are strongly affected by the pH of the 

solution. Hence, batch equilibrium studies were performed over a pH range from 2 to 11.2 to 

investigate the effect of pH on the adsorption of MB (C0=200mg/L) by AlgMNP (Figure 7). 

 

Figure 7: pH effect on MB adsorption (C0=200mg/L) 
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The amount of adsorbed MB increases from 0 to 98% adsorption with increasing pH from 2 

to 5, and this can be attributed to the ionization of carboxylate groups of alginate, which 

interact with the positively charged dye via strong electrostatic interactions. In addition, 

electrostatic repulsions between carboxylate groups expand the alginate chains making the 

adsorption sites more accessible to the dye (42). For pH<4.5, the carboxylate protonation 

becomes significant and the adsorption falls, no adsorption occurs at pH≤2 while 100% 

adsorption is obtained in a large pH range [4.5-11.2]. The shape of the curve is characteristic 

of the adsorption of positively charged species by adsorbents carrying carboxylate groups 

(44,45). Due to the strong adsorption, the following studies were conducted at a fixed pH 

greater than 5. 

 

b. Adsorption isotherm  

The adsorption capacity of AlgMNP was determined by equilibrium adsorption experiments 

conducted at two pH values (7.1 and 10.1) (Figure 8).  

 

 

Figure 8 : Adsorption isotherms of MB onto AlgMNP, solid line represents the Langmuir isotherm; 

pH= 10.1± 0.5 (), pH= 7.1± 0.3 () 

 

In both cases, the amount of adsorbed MB increases with increasing concentration of dye 

until reaching a plateau, which corresponds to the maximum adsorption capacity of AlgMNP. 
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A Langmuir equation was used to fit the experimental data. Its linearized form is  
   

   
 

 

      
 

   

    
 , where Qeq, is the amount of adsorbed dye at equilibrium, Qmax, the maximum 

adsorption capacity, Ceq, the concentration of dye in the solution at equilibrium and, KL the 

Langmuir constant. Figure 8 and Table 2 prove that adsorption of MB on AlgMNP is well 

described by the Langmuir model. The maximum adsorption capacities obtained from 

Langmuir equation, 0.73 mmol/g at pH 10.1 and 0.43 mmol/g at pH 7.1 are very close to the 

experimental values. 

pH R
2
 Qmax KL 

  mmol/g mg/g L/mmol 

10.1± 0.5 0.999 0.73 273 11.6 

7.1± 0.3 0.989 0.43 161 2.3 
Table 2 : Langmuir parameters 

 

The adsorption sites of AlgMNP originate from both the carboxylate functions of the alginate 

bound to the particles and the nanoparticles themselves, which bear positive charges in acid 

medium and negative charges in basic medium. The amount of carboxylate functions of 

alginate was estimated to be 0.57 mmol/g from the mass ratio of bound alginate to maghemite 

taking into account that each monomer of the alginate carries one carboxylate function. A part 

of these carboxylate functions is used to form bonds between the alginate chains and the 

nanoparticles while the remaining part is available to adsorb the dye. On the other hand, the 

amount of adsorption sites of alginate-free MNP for a given pH value had been estimated 

previously by potentiometric measurements (46). At pH 7.1, close to their point of zero 

charge, the naked nanoparticles are not charged. Therefore, at this pH value the adsorption 

sites of AlgMNP originate only from the carboxylate functions of the alginate bound to the 

nanoparticles (0.57÷0.05mmol/g). However, the maximum adsorption capacity (0.43 mmol/g) 

is lower than the amount of carboxylate functions because a part of them is used to form 

bonds with the nanoparticles. At pH 10.1, the magnetic nanoparticles, negatively charged, 

may also adsorb BM. This is why the maximum adsorption capacity is greater at pH 10 than 

at pH 7. At pH 10, the amount of negative adsorption sites of the MNP is 0.27 mmol/g (38). 

As for alginate, some of these sites are involved in binding with alginate, the remaining part 

being available for adsorption of BM. At this pH, the estimated maximum number of 

adsorption sites of AlgMNP is therefore 0.84±0.05 mmol/g, which is close to the maximum 

adsorption capacity of AlgMNP deduced from the isotherm (0.73 mmol/g). The difference 

could be explained by the mobilization of a part of the sites for the adsorption of alginate on 
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the nanoparticles.  It could be noted that AlgMNP sites are about three times greater than for 

the magnetic nanoparticles without alginate. 

The presence of available sites on the MNP agrees with our previous assumption of a polymer 

decorated with magnetic nanoparticles rather than a coating of alginate around the 

nanoparticles, which would mask their adsorption sites. Compared to other results from the 

literature, the maximum adsorption capacity of AlgMNP obtained in this work is either of the 

same order of magnitude or higher (17, 27, 47-48).  

 

c. Effect of contact time 

The kinetics of MB adsorption by AlgMNP was investigated. Figure 9 illustrates the effect of 

contact time on the adsorption of MB with two initial concentrations C0 equal to 2008 and 

1479 mg/L at an initial pH close to 7. Adsorption is very rapid since 80% adsorption occurs in 

the first 15 minutes. Thereafter, adsorption becomes slower to reach an equilibrium time 

equal to 2h. The adsorbed amounts at equilibrium are in agreement with the adsorption 

isotherm at pH 7. The rapid adsorption is due to the availability of the active sites on the 

adsorbent at the initial stages. Moreover, as already mentioned above, at pH 7 the 

deprotonated carboxylate functions repel each other and allow easier access for the dye 

molecules. The gradual occupancy of the sites decreases the efficient interactions between 

MB and carboxylate and the adsorption becomes slower.  

 
Figure 9 : Influence of contact time on MB adsorption: pH=6.7±0.3, C0=2008mg/L (); pH=7.2±0.4, C0= 

1479 mg/L (). 
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3.4 Reusability of AlgMNP 

Reusability of AlgMNP is one of the key factors in evaluating the performance of an adsorbent. In 

order to investigate the reusability of AlgMNP, an adsorption/desorption cycle was repeated 10 times 

using the same nanoparticles. Carboxylate being protonated in acid medium, no more interactions 

occur between alginate and the dye and adsorption falls. Therefore, nitric acid at pH 2 was used as 

desorption agent. As it can be seen on the Figure 10, the amount of desorbed MB is greater than 99% 

and the adsorption capacity remains close to 100% even after 10 cycles. This result shows that the 

magnetic alginate nanoparticles could be used in a water treatment process without significant loss of 

their adsorption efficiency. 

 

 
Figure 10:  successive sorption (black) /desorption (grey) cycles  

 

 

4 Conclusion 

In this work, a magnetic adsorbent (magsorbent) based on an alginate nanocomposite with 

controlled particle size was prepared using a two-step method, which may be easily developed 

on an industrial scale. The combination of maghemite nanoparticles and a natural polymer 

such as alginate is one of the most promising methods to obtain a green adsorbent for the 

removal of pollutants from wastewater. This approach presents several advantages: 

maghemite has excellent stability with respect to oxidation; in addition, its magnetic 

properties makes it easy to recover after wastewater treatment by using a simple magnetic 

process; on the other hand, alginate is not only an abundant natural resource but its many 
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carboxylate functions ensure both a efficient binding to the nanoparticles and a strong 

adsorption capacity for cationic pollutants. Synthesized nanocomposites were carefully 

characterized before being used for the removal of a cationic dye (methylene blue) from 

water. The adsorption efficiency was increased at higher pH values because of the strong 

electrostatic interactions between carboxylate functions of alginate and cationic dye. The 

highest adsorption is at a neutral or basic pH. The maximum adsorption capacity of MB by 

AlgMNP is 273mg/g. The contribution of both MNP and alginate to the adsorption of the dye 

has therefore been envisaged and an organization with magnetic nanoparticles bound to the 

alginate chains through their carboxylate functions rather than a coating of MNP by alginate 

was proposed. The reuse performance of AlgMNP was higher than 98% even after 10 

adsorption/desorption cycles. We can conclude that this study could be helpful in the 

development of magnetic adsorbents. AlgMNP present a high application potential for the 

recovery of cationic pollutants from water due to its magnetic properties, its adsorption 

efficiency and its reusability.  
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