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Abstract 

Magnetic nanocomposite was synthesized from iron salts and multi-walled carbon nanotubes (Fe3O4−MWCNTs) using 

the chemical coprecipitation method. The characterization of Fe3O4−MWCNTs adsorbent was carried out using X-Ray 

diffraction (XRD); Fourier transform infrared spectroscopy (FTIR); Brunauer-Emmett-Teller (BET) and scanning electron 

microscopy (SEM). The prepared material has exhibited a higher adsorption capacity 296.52 mg.g
-1

 to remove the 

Bromocresol purple (BCP) dye from aqueous solutions. Kinetic study shows that the equilibrium time reached after 80 

minutes and the pseudo second order best suited this adsorption. Isotherm models indicate that the adsorption represented 

perfectly by the Langmuir. Thermodynamic study suggests that the sorption process is spontaneous, exothermic and 

physisorption type. This work focused on the efficiency of nanocomposite Fe3O4−MWCNTs as a magnetically separable 

adsorbent compared with pure multi-walled carbon nanotubes. 

Keywords: Carbon nanotubes; magnetite; composite; dye; adsorption. 

1. Introduction 

Aquatic pollution is one of the most serious issues 

facing the humanity today, several contaminants like heavy 

metals [1], metalloids, pesticides and dyes invaded 

wastewater and caused health hazards [2]. About 7×10
5

 

tons / year of pigments and dyes are synthesized [3], and 

used in many fields like industrials, cosmetic, 

pharmaceutical, painting, textile and food [4]. Dyes 

whatever acidic or basic can be carcinogenic, mutagenic 

and toxic due to their complex aromatic structures, 

stability to biological degradation, and persistent nature in 

effluents [3,5]. Bromocresol purple is one of the organic 

dyes that can be produced from textile, paper, industries 

and pharmaceutical. Consequently, the disposal of such 

product could be harmful to the environment and human 

health by causing several diseases [6]. Nowadays, the 

removal of dyes in aqueous medium captivates the interest 

of many researchers around the world. Various methods 

are using in water remediation like conventional 

techniques which become not efficient enough for 

recalcitrant contaminants [7], adsorption [8], extraction [6], 

advanced oxidation processes [9], ozonation and 

photocatalysis, etc [10]. Only few studies have focused on 

the removal of Bromocresol Purple [6]. As reported by 

Farida M. S. E. El-Dars et al , the adsorption of BCP was 

carried out by using bentonite carbon composite at high 

temperature  T= 313 K, the maximum adsorption capacity 

estimated to (Q
o

max = 0.1463 mg.g
-1

) and equilibrium time 

achieved in 60 minutes [11]. Photochemical degradation 

of BCP dye was investigated also by Bousnoubra et al [12]; 

the present work studies the adsorption of BCP using a 

nanocomposite of commercial (MWCNTs) modified with 

magnetite (Fe3O4). The multi-walled carbon nanotubes 

adsorbent have an outstanding performance could be 

ascribed to its high adsorption capacity, unique structure, 

chemical stability [13] and huge specific surface area, etc 

[14]. Until now, the use of MWCNTs as adsorbent for 

BCP removal is very scarce in literature. To improve the 

performance of the dye removal by MWCNTs, magnetite 

lends support and enhances the adsorption process by 

faster and easier separation compared with boring filtration 

or centrifugation; the Fe3O4 may contribute as well in the 

adsorption process for dye removal [15]. In this context 

the Fe3O4−MWCNTs adsorbent was prepared using the 

coprecipitation method and characterized by X-ray 

diffraction, Fourier transform infrared spectroscopy, the 

Brunauer-Emmett-Teller and scanning electron 

microscopy analysis. Kinetics and equilibrium experiments 

of BCP dye adsorption onto the synthesized adsorbent 

studied in batch system. 
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2. Experimental 

2.1. Materials  

MWCNTs (Nanocyl 7000, diameter 1−10 nm, length 

60−100 nm, purity >90%) were purchased from Nanocyl. 

Nitric acid 53% were purchased from Montplet & Esteban 

SA. Sodium was purchased from Prolabo (purity 98%); 

Hydrochloric acid was purchased from Sigma Aldrich. 

Ferrous sulfate heptahydrate (FeSO4.7H2O), ferric chloride 

hexahydrate (FeCl3.6H2O) and Bromocresol purple BCP 

dye were purchased from Biochem, these reagents were 

used without further purifications, all aqueous solutions 

were prepared using distilled water. The 

spectrophotometric measurements were performed with 

UV-visible Shimadzu 1605; X-ray Diffractometer system 

XPERT-PRO was utilized to identify the existing phases in 

nanocomposite. Analysis morphological examination of 

the nanocomposite was carried out by scanning electron 

microscopy (SEM) (model DSM 962; Carl Zeiss Meditec 

AG, Jena, Germany) ; Fourier Bruker infrared microscope 

“Hyperion 2000" This equipment is coupled with a Vertex 

70 interferometer and optimized for Mid-IR (4000-400 

cm
-1

); specific surface area was obtained through a 

micromeritics ASAP- 2020. 

2.2. Samples preparation 

To improve the adsorption efficiency of the 

MWCNTs, it is necessary that an oxidation step be 

performed to purify, open and cut extremities; in order to 

facilitate their functioalization to their composites by the 

enhancement of interfacial adhesion [16]. The most 

common method is to add carboxylic acid groups onto the 

surface of MWCNTs by chemical oxidation using nitric 

acid [17]. Therefore, a small amount equal to 1g of 

MWCNTs was oxidized by 200 mL of  HNO3 (3M) then 

sonicated for 1 h to disperse the sample very well in the 

solution. After that at 100˚C the mixture was stirred for 4 

h then it was rinsed and filtrated with distilled water until 

the filtrate became neuter, the obtained material was dried 

at 80˚C and calcined at 450 ˚C for 4h. The modification 

of oxidized MWCNTs by magnetite was occurred by 

coprecipitation method; in 75 mL of mixture containing 

1.49 g FeCl3.6H2O and 0.76g FeSO4.H2O; 0.5g of oxidized 

carbon nanotubes were added into the solution and stirred 

at 70˚C
 

under inert gas N2. The precipitation of Fe3O4 

required basic medium so, 15 ml of NaOH (0.5 M) was 

added by dropwise until pH=11. The mixture was stirred 

and heated at 70˚C
 

for 3 h to realize the following 

reaction: 

Fe
2+

+2Fe
3+

+8OH
-

+MWCNTs→Fe3O4−MWCNTs+4H2O 

The nanocomposite obtained was washed several times 

and dried at 100˚C
 

for 4 h [15]. The magnetite was 

prepared using the coprecipitation method as described 

by Poedji Loekitowati Hariani et al [18]. 

2.3. Adsorption process 

The Fe3O4−MWCNTs nanocomposite (20 mg) was 

added to 200 mL of BCP (10 mg.L
-1

). The mixture was 

stirred at intervals of time ranging from 1 min to 120 min. 

After that, the residual dye concentration was determined 

by spectrophotometer using suitable calibration curves at 

appropriate wavelengths corresponding to λmax = 431 nm 

the maximum absorbance. A simple separation was 

carried out using the permanent magnet (fig. 1). The 

amount of dye adsorbed per unit of mass has been 

calculated using the following formula [19]. 

   
(     ) 

 
                                                          (1) 

Qt: Adsorption capacity given by (mg.g
-1

). 

C0: The initial concentration of dye (mg.L
-1

). 

Ct: The residual concentration of dye (mg.L
-1

). 

 : The volume of the solution (L). 

m: The mass of the adsorbent used (g).  

 

 

 

 

 

 

 

 

 

 

                                                                         

Figure1. (a). Before magnetic separation  (b). After 

magnetic separation. 

3. Results 

3.1. Characterization of samples 

The XRD patterns of both commercial MWCNTs 

(red color) and nanocomposite (black color) are 

represented in (fig. 2). The peaks At 2θ values about 26° 

indicate the presence of carbon nanotubes before and after 

modification, the presence of magnetite in the 

Fe3O4−MWCNTs spectra is confirmed by the appearing of 

new peaks at different 2θ values 30.1
°

, 35.5˚, 43.1˚, 53.5˚, 

57.0˚ and 62˚ [20]. To estimate the average size of the 

Fe3O4−MWCNTs composite, Debyee Scherrer formula 

was applied [21]:  

  
    

     
                                                              (2) 

Where β (rad): The full width at half maximum (FWHM) 

of the diffraction; θ (rad): The Bragg’s diffraction angle 

and λ=1.54060 A
0

 the X-Ray wavelength of the copper 

(Cu) radiation used in XRD. The size of particles was 

found to be about 19±1 nm. The MWCNTs, Fe3O4 and 

Fe3O4− MWCNTs were analyzed by FTIR. As shown in 

(fig. 3), the peak at 580 cm
-1

 in both Fe3O4− MWCNTs 

and Fe3O4 curves is attributed to Fe−O bond; while 3398 

cm
-1

 is referred to O-H in the magnetite and the 

nanocomposite. In the Fe3O4−MWCNTs pattern new 

peaks are slightly appear at 1393 cm
-1

 and 1587 cm
-1

 which 
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are indicated the presence of COO-Fe bond [22], 1651 

cm
-1

 is referred to C=O stretching. The peak at 3450 cm
-1

 is 

appropriated to O-H stretching [15]. Surface Area analysis 

of Fe3O4− MWCNTs was carried out using the BET 

technique; (fig. 4) represents the isotherms of 

adsorption/desorption of N2 onto Fe3O4 and Fe3O4− 

MWCNTs nanoparticles, these last are of type II. The 

isotherm of the Fe3O4 is less than that of nanocomposite 

indicates a lower specific surface area and lower 

adsorption quantity due to the porosity and high 

adsorbability of oxidized−MWCNTs [23]; the (Table 1) 

reveals some textural properties of the corresponding 

samples Fe3O4 and Fe3O4−MWCNTs. The SEM screened 

in (fig.5) the morphology of MWCNTs, Fe3O4 and 

Fe3O4−MWCNTs in images A, B and C, respectively. A 

homogenous surface of curly hair-like structure was shown 

in (image A) [24]; large quantities of spherical-shaped 

magnetite were observed in (image B) which were almost 

coated homogenously the multi-walled carbon nanotubes 

in the (image C) and the surface was relatively uniform. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4. Nitrogen adsorption/desorption isotherm  

of the Fe3O4 and Fe3O4−MWCNTs samples 

 

 

Table1: Textural property of Fe3O4 and Fe3O4−MWCNTs samples 

 

Sample Mean specific surface 

area SBET(      ) 

 

Mean Total pore 

volume VTotal(       ) 

Mean pore size (nm) 

Fe3O4 90.026 0.241 13.171 

Fe3O4−MWCNTs 113.264 0.273 11.195 

 

 

Figure 3. FTIR spectra of pure MWCNTs, 

Fe3O4 and Fe3O4 −MWCNTs 

 

 

Figure 2. XRD patterns of MWCNTs and 

Fe3O4−MWCNTs  
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Figure 5. SEM images: (A) MWCNTs, (B) Fe3O4  and (C) Fe3O4−MWCNTs nanocomposite 

 

3.2. Effect of initial pH  

The optimization of pH is very required because it can 

control both the surface charge of the adsorbent and 

adsorbate [25]. In this part of study, the effect of initial pH 

of solution onto the adsorption of BCP was investigated; 

20 mg of Fe3O4−MWCNTs was added to dye solution 

(200 mL, 10 mg.L
-1

) at room temperature and different pH 

ranging from 5 to 11. (fig.6) shows a slight increase of 

adsorption capacity in acidic medium until pH = 8 as an 

optimum value followed by a careless decreasing at pH = 

11. The zeta potentials of the adsorbent particles were 

previously discussed; OH and COOH groups were 

introduced onto the surface of Fe3O4−MWCNTs after the 

chemical treatment by nitric acid. This leads to the 

protonation of nanocomposite surface where a positive 

charge can be dominated in acidic medium [15]. The pH 

value correlates to Zeta potential of composite 

Fe3O4−MWCNTs was estimated to 6.6 as seen in (fig.6 

inset). After this value the negative charges dominated the 

adsorbent surface in alkaline medium [26]. The 

Bromocresol purple characterized by acid dissociation 

constant pKa equal to 6.3 [11]. Thus the dye molecules are 

negatively charged in acidic medium and positively 

charged in basic medium [27, 6]. Hence, a favorable 

electrostatic attraction occurred between the 

Fe3O4−MWCNTs surface and BCP molecules at all the 

pH range. Therefore, we can consider the effect of initial 

pH neglected and carry out the rest of experiments at free 

pH which was close to 6.   

 
Figure 6. Effect of pH on the adsorption of BCP onto 

composite (m=20 mg of Fe3O4−MWCNTs; 200 mL and 

10 mg.L
-1

 of BCP; at room temperature). (Inset) Zeta 

potential of Fe3O4−MWCNTs 

3.3. Kinetic study  

The interest of this study is to determine the contact 

time necessary to reach the adsorption equilibrium of BCP 

dye onto the Fe3O4−MWCNTs. As shown in (fig.7), the 

graph of adsorption capacity Qt as function of time depicts 

the adsorption mechanisms as follow, rapid increase of Qt 

at the initial stage (20 minutes). After that, a slow 

adsorption took place (from 20 to 80 minutes); in the last 

phase (from 80 to 120 minutes) the equilibrium achieved 

wherein a plateau was observed. As a result, the maximum 

adsorption capacity and equilibrium time were estimated 

to be about 90.28 mg.g
-1 

and 80 minutes, respectively. The 

kinetic models provide us by information about adsorption 

mechanism and the mode of solute transfer from the  

liquid phase to the solid phase [28]. For this purpose, the 

literature reported a number of models such as the 

Lagergren model or pseudo-first-order model (PFO) [29], 

the Blanchard model or pseudo-second order kinetic 

model (PSO) [30] and Weber and Morris model or 

intraparticle diffusion model [31]. The nonlinear plots of 

data regression of PFO and PSO were represented in 

order to determine kinetics using the following expressions 

in succession [2]:  
  

  
   (     )                                                  (3) 

  

  
   (     )

                                                  (4) 

Where k1 and k2: are the rate constants for pseudo first and 

second order kinetics (min
-1

); Qt: amount adsorbed at time 

t (mg. g
-1

); Qe: amount adsorbed at equilibrium (mg.g
-1

) and 

t: time (min). The equation of intraparticle diffusion 

model allows the determination of the diffusion rate in 

pores using the following equation [32]: 

      
 

                                                         (5) 

kd (mg.g
-1

.min
-1/2 

)
  

: is the intraparticle diffusion rate constant 

and Cd(mg.g
-1

): is the intercept. According to the data 

summarized in (Table 2), the pseudo second-order is 

favorable in this adsorption attributed to both of the 

correlation coefficient and adsorption capacity Qe. (fig.8) 

screened that the curve was not linear over the whole time 

range, it is indicated that not only one process affected the 

adsorption. As seen from plot pattern there is two stages, 

the first one is characterized by rapid increase of Qt at the 

initial process stage due to the adsorption of dye molecules 

on the external surface of adsorbent. A slow adsorption 
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took place referred to the second phase attributed to a 

slow diffusing of BCP particles into porous structure of 

nanocomposite because the external sites were occupied 

very quickly in the first stage. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 To conclude, the significant deviation of the line revealed 

that intra-particle diffusion was not the only rate limiting 

stage for this process [33]. 

3.4. Adsorption isotherm models    

The modeling of experimental isotherm plays a critical 

role to understand the sorption process. The isotherm of 

BCP dye adsorption material was obtained by varying the 

initial concentration of BCP (from 5 to 50 mg.L
-1

) at 

293±1K. The plot of Qe = f(Ce) at equilibrium presents the 

isotherm of BCP  adsorption onto Fe3O4−MWCNTs 

which corresponds to isotherm type I according to the 

Brunauer classification [34]. Among the most used 

theoretical models, the equilibrium data were fitted to the 

Langmuir, Freundlich and Dubinin–Radushkevich 

equations. The Langmuir model suggests that the 

adsorption takes place on a homogeneous phase, the 

nonlinear form of Langmuir equation is given by [35]: 

   
    
       

       
                                                      (6) 

Where Q
0

max (mg.g
-1

) represents the maximum monolayer 

adsorption capacity; kL(L.    ) is the Langmuir constant. 

The favorability of adsorption can be confirmed using the 

dimensionless parameter, which is defined as 

   
 

       
                                                        (7) 

The value of RL indicates that the type of isotherm can be 

irreversible if (RL = 0), unfavorable if (RL>1), linear if (RL=1) 

and favorable while (0<RL<1) [36]. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

The Freundlich model assumes that the multilayer 

adsorption takes place on a heterogeneous surface of 

adsorbent. This model is given as follows [37]: 

        
      

                            
(8) 

Where kF is the Freundlich constant associated with 

adsorption capacity, n indicates the adsorption intensity.  

The Dubinin-Radushkevich model is applied to evaluate 

the free adsorption energy that determines the nature of 

interactions adsorbent-adsorbate. The nonlinear equation 

of D-R model is outlined as follows [38]: 

       
      

 
                                      

  
(9) 

Where QDR (mg.g
-1

) is the maximum adsorption capacity; 

kDR(mol
2

.kJ
−2

)constant related to the sorption energy. ɛ is 

the Polanyi potential given by: 

      (  
 

  
)                                         (10) 

Where R is the gas constant (8.314 J.mol
-1

.K
−1

). The mean 

sorption energy E can be calculated using the following 

equation: 

  
 

√      
                                                  (11) 

The nature of sorption could be discussed according to the 

E value; if the magnitude of E is between 8 and 16 kJ.mol
-1

, 

the adsorption process is occurred by ion exchange, while 

the values of E<8 kJ.mol
-1

 reveal the physical nature of 

interactions [39]. As shown in (fig.9), the data of 

aforementioned isotherms were plotted using nonlinear 

forms. According to the outcomes summarized in 

Kinetic model 

 

qe(exp)( mg.g
-1

) qe(cal) (mg.g
-1

) k1 (L.min
-1

) R
2 

S.E 

PFO model 90.28 86.53 0.071 0.972 2.94 

 

PSO model 

qe(exp) (mg.g
-1

) qe(cal) (mg.g
-1

) k2 (g.min
-

1

.mg
-1

) 

R
2

 S.E 

90.28 91.12 0.009 0.988 2.91 

 

Intraparticle diffusion 

model 

First step Kip1 (mg.g
-1

.min
-1/2

) C1(mg.g
-1

) R1

2

 S.E 

13.78 1.10 0.993 1.52 

Second step Kip2 (mg.g
-1

.min
-1/2

) C2( mg.g
-1

) R2

2

 S.E 

3.07 58.45 0.913 4.66 

Figure 8. Intra-particle diffusion plot for BCP dye 

adsorption onto Fe3O4−MWCNTs adsorbent 

 

Table 2: Kinetic parameters of PFO, PSO and intraparticle diffusion models. 

 

Figure 7. Adsorption kinetic of BCP using 

Fe3O4−MWCNTs 

 and fitting curves of kinetic models 
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(Table.3), the Langmuir model was selected as an 

optimum adsorption isotherm due to its highest 

correlation value corresponding to R
2

=0.998; the prepared 

nanocomposite exhibited a high maximum adsorption 

capacity Q
o

max(mg.g
-1

) estimated to be about 296.52 mg.g
-1

. 

In addition, the mean adsorption energy E was found to be 

about 2.06 kJ.mol
-1

; it demonstrates the physical nature of 

dye adsorption onto Fe3O4−MWCNTs. 

 
Figure 9. Isotherm models of BCP adsorption onto 

Fe3O4−MWCNTs adsorbent  

3.5. Thermodynamic study 

The thermodynamic study was carried out to estimate 

standard Gibbs free energy change (ΔG
0

), standard 

enthalpy change (ΔH
0

), and standard entropy change (ΔS
0

). 

The different energies can be related with each other by 

equation (13) as follows [2]: 

                                                 (12) 

                                              (13) 

   
  

  
                                                      (14) 

To find the magnitudes of aforementioned energies, the 

Van'tHoff equation (15) was plotted (fig.10):     

      
   

  
 

   

 
                                   (15) 

Where R is the universal gas constant, Qe is the adsorption 

capacity at the equilibrium thermodynamic (mg.g
-1

),   is 

the concentration at the equilibrium, T is the temperature 

(K), and Ke is the equilibrium thermodynamic constant 

[40]. (Table.4) shows that exothermic nature of the 

adsorption phenomena was confirmed by negative value of 

standard enthalpy change ΔH
0

, besides the value of that 

parameter can give an idea about the type of interactions 

between adsorbate and adsorbent, therefore 15.45kJ.mol
-1

 

is lower than 20 kJ.mol
-1

 indicates that van der Waals 

interactions occurred between BCP molecules and 

Fe3O4−MWCNTs particles, so then the physisorption type 

took place in this case. The negative values of standard 

Gibbs free energy change ΔG
0

 show that the adsorption 

process was favorable, spontaneous and enthalpy 

controlled, where the negative value of     exhibites the 

decrease of randomness at the interface solid-liquid when 

the adsorption occurred  [2,41]. 

3,1x10
-3

3,2x10
-3

3,3x10
-3

3,4x10
-3

0

1

2

3

4

5

6

L
n

 K
e

1/T(K
-1
)

 

 
Figure 10. Effect of temperature on the equilibrium thermodynamic constant 

Table 3: Isotherm constant parameters for the BCP adsorption onto Fe3O4−MWCNTs adsorbent 

 

 

 

 

 

 

 

 

Table 4: Thermodynamic parameters of BCP adsorption onto Fe3O4−MWCNTs adsorbent

 

 

 

 

 

 

Models Parameter 

Langmuir 

 

Q
0

max (mg.g
-1

) 

296.52 

kL(L.mg
-1

) 

1.160 

R
2 

0.988 

SE 

16.3 

    RL 

0.079 

Freundlich kF(mg.g
-1

) 

154.22 

n 

0.327 

R
2

 

0.957 

SE 

9.55 
- 

Dubinin–

Radushkevich 

Qmax(mg.g
-1

) 

239.47 

kDR(mol
2

.K
-1

J
-2

) 

1.1810
-7

 

R
2 

0.956 

SE 

14.51 

E(kJ.mol
-1

) 

2.06 

ΔG
0

 (kJ.mol
-1

) ΔH
0

(kJ.mol
-1

)  ΔS
0

(J.mol
-1

.K
-1

) R
2

 

293 K 303 K 313 K 323 K 
-15.45 -8.09 0.981 

-13.08 -13.00 -12.66 -12,84 
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4. Conclusion 

Efficiently, a small amount of nanocomposite 

Fe3O4−MWCNTs exhibited a high adsorption capacity of 

BCP from aqueous solution 296.52 mg.g
-1

; without high 

energy or complicated devices. This study highlights the 

modification of MWCNTs by magnetite which offers a 

simple separation and low cost adsorbent compared with 

pristine multi-walled carbon nanotubes. Kinetic study 

indicated that the pseudo second order fitted well the 

process. Meanwhile, the Langmuir isotherm best suited the 

experimental data. Results suggest that the adsorbent can 

have a potential application in industry.  
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