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Abstract:  The present work describes the application of magnetic nanoparticles embedded within a matrix of activated 
carbon as adsorbent for acid dyes and Cu(II) removal from wastewaters, in selected working conditions. The effects of process 
variables: pH solution, adsorbent ratio and dose, initial concentration of polutant, and contact time was investigated in 
order to determine the optimal patrameters of the process. Pseudo-second order kinetic model was fitted to the kinetic data, 
and adsorption isotherm analysis was used to elucidate the adsorption mechanism. The experimental results suggest that 
as-prepared magnetite/carbon nanocomposites has the potential applications in the water purification management. 
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1. Introduction 
 

The wastewaters discharged from various industries 
causes serious environmental problems [1]. The textile dyes 
are persistent substances with strong color, poor 
biodegradability, and high capacity to modify the 
environment [2, 3]. Metal complex dyes are compounds 
with a lot of applications leather finishing, stationery 
printing inks, inks, dyes for metals and plastic etc. 
Importance present copper complex dyes, used in dyeing of 
cellulosic materials, and sensitized solar cells [4-6]. Metal 
ions are not biodegradable, cannot be metabolized or 
decomposed, and are highly persistent in the environment 
[7]. Cooper, widely used in many industries, contaminates 
the surface water and groundwaters [8]. In this context the 
availability of clear water for various activities is becoming 
the most challenging task for researchers and engineers 
worldwide. 

Among different methodologies reported for 
wastewaters managment, adsorption proved to be a 
superior technique for dye and metal ions removal from 
aqueous phase, in terms of cost, availability of a wide range 
of adsorbents, low harmful secondary products, facile 
regeneration of the adsorbents and high effectiveness       
[9-11].     

In the last years magnetic nanoparticles were applied 
with very good results as adsorbent materials due to their 
unique physical and chemical properties [12-14]. 

The objective of the present study was to investigate 
the adsorption capacity of new magnetite nanomaterial for 
the removal of complex dyes and metal ion from aqueous 
solution. The effects of process variables on the adsorption 
process were studied, and the kinetics and adsorption 
isotherm were evaluated. 
 

2. Experimental 
 

A complex dye Acid orange 7, AO7+Cu, and a metal 
ion (Cu2+) were used as adsorbate. The azo-dye with 
metallic ion complex (AO7-Cu) was synthesized using 
AO7 as ligand. The synthesis and characterization of    
AO7-Cu were previously reported by our group [15]. 

The CuSO4 was purchased from Reactivul Bucuresti, 
and were used as received without further purification. 

Working dye solutions were prepared with distilled 
water, using different concentrations of complex dye and 
metal, in order to replicate industrial colored wastewaters. 

The magnetic nanoparticles embedded within a matrix 
of activated carbon (MP) were synthetized by a simple and 
cost-effective combustion technique. The detailed 
procedure about the preparation route and sample 
characterization is presented in [16]. 

Batch experiments were carried out by adding 
magnetic nanocomposites to model wastewaters and 
mantained under a constant shaking speed of 180 rpm. 
After reaching the equilibrium, the adsorbent was separated 
by a magnet, and the pollutant concentration in solution 
was spectrophotometerically (CECIL CE UV-Vis 
Spectrophotometer, SensAA atomic absorption 
spectrometer) determined. 

Using experimental data the adsorption capacity (1) 
and the removal percentage (2) were calculated. 
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3. Results and Discussion 
 

The selected nanocomposites materials had different 
magnetite/carbon ratios: 1/1 (MP 1), 1/2 (MP 2) and 1/5 
(MP 3), and exhibited a ferrimagnetic behavior. As the 
Fe3O4/carbon ratio decreased from 1/1 to 1/5, the BET 
surfaces increased from 360 m2/g to 706 m2/g, and the 
micropore volume increased from 0.096 to 0.212 cm3/g 
[16]. Regarding these values our goal was to test these 
materials as adsorbents. 

The structure of Acid Orange 7 copper complex (AO7-
Cu) is presented in Figure 1: 
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Figure 1. Molecular structure of investigated complex dye 

 
 
3.1. Effect of initial solution pH 

 
pH solution is an important factor, significantly 

affecting the adsorption of dyes and metal ions. The 
analysis were performed at different pH values between 2.5 
and 11 in case of AO7-Cu, and between 3 and 8 for Cu(II),  
using HCl (0.1 mol/L) or NaOH (0.1 mol/L) solutions. The 
pH values above 8 for copper solution  were not considered 
due to the  the precipitation of heavy metals [17]. 
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Figure 2. Effect of solution pH on adsorption onto MP 3 
 
 
 

The results presented in Figure 2, for AO7-Cu dye 
complex indicate that the removal percentage decreased 
with increasing of solution pH. At low pH value, the 
adsorption mechanism of anionic dyes (AO7-Cu) is 
controlled by electrostatic attractions between the 
positively charged surface of adsorbent, as a result of the 
protonation process, and the negatively charged dye 
molecules.  

When the pH values were incresead from 2 to 6, the 
removal percentage of Cu(II) increased from 3.92 to 
92.46%. Moreover a decrease of removal percentage of 
Cu(II) was observed in the range of pH 6 – 8.5. It is known 
that the chemical speciation of copper ions is influenced by 
the pH. According to the chemical speciation diagram of 
copper, Cu(II) is the dominant species at pH<5 [18]. 

According to these results, the adsorption studies were 
further conducted at the natural pH for AO7-Cu 6.4, and at 
pH 5 for Cu2+ ion. 
 
 

3.2. Effect of adsorbent type 
 

The effect of magnetite/carbon ratio on the removal 
efficiency is presented in Figure 3. As can be observed, the 
increase of the carbon content from sample 1 to sample 3 
continually increases the removal efficiency for 
investigated sorbates. 
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Figure 3. Effect of support’s type on adsorption 
 

Nanopowder MP 3 that showed the best adsorption 
capacity was used as adsorbent for the removal of AO7-Cu 
dye and Cu2+. 

 
 

3.3. Effect of adsorbent dose 
 

The effect of adsorbant dose was studied in the range 
of 0.5 g L-1 to 3 g L-1. The results presented in Figure 4 
revealed that the removal efficiency increases with the 
increase of the adsorbent mass from 0.5 g/L to 3 g/L. 
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Figure 4. Effect of adsorbent dose on adsorption process 
 

These results can be attributed to the availability of 
more adsorption sites as the adsorbent dose increased. 
Further studies were carried out using a 2 g L-1 adsorbent 
dose.  
 

3.3. Influence of initial concentration 
 

To study the influence of the initial concentration of 
dye adsorption process, the concentrations were varied 
between 10 and 150 mg / L, at 25 ° C and optimum pH. As 
it can be seen in Figure 5, the adsorption was very fast 
during the first 25 minutes, and near the equilibrium, 
remaines almost constant. This is due to saturation of the 
active centers available for the sorbate on the adsorbent 
surface. 

The amount of adsorbed pollutant increased with the 
increases of the initial concentration, indicating that the 
pollutant removal is concentration dependent. 

 
3.4. Kinetic studies 

 
The experimental results obtained for the influence of 

initial concentration were analyzed using the first-order 
Lagergren (3) and the pseudo second-order kinetic models 
(4).  
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The correlation coefficients were used to determine the 

best fitting kinetic model, and the obtained results are 
presented in Figures 6 and 7, and Table 1. 
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Figure 5. Effect of the pollutant initial concentration on adsorption onto 
MP 3 (adsorbent dose 2 g/L, 25oC, optimum pH) 

 
 
TABLE 1. Comparison of experimental and calculated qe values, and kinetic parameters for adsorption of AO7-Cu and Cu2+ onto MP 3 

 

Sorbent 
C0 

(mg/L) 
qe,exp 

(mgg-1) 

First order 
kinetic model 

Second order 
kinetic model 

qe,calc 
(mgg-1) 

k1 .103 
(min-1) 

qe,calc 
(mgg-1) 

k2 .103 
(g/mg.min ) 

 
AO7-Cu 

10 9.94 2.28 15.7 9.78 242.7 
50 49.96 4.61 6.98 50.00 22.3 
100 99.79 54.43 1.88 103.19 2.02 
150 148.17 71.60 0.77 156.25 0.41 

 
Cu2+ 

10 7.61 3.37 21.76 6.77 13.42 
50 22.50 9.12 22.45 19.46 8.39 
100 55.44 14.06 28.09 53.42 7.26 
150 108.74 21.32 34.75 93.89 6.25 
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Figure 6.  First order kinetic model fitting for the adsorption of AO7-Cu 
and Cu2+ onto MP 3 

 
 

The obtained data gave poor fits when the  the first 
order kinetic model was used ( Figure 6) and very good fits 
with the pseudo-second order kinetic model.  

The theoretical values of adsorption capacity were 
close to the experimental values in case of pseudo-second 
order kinetics (R2 > 0.99).  

Also, a decrease of the pseudo-second order constant 
rate k2 was observed, indicating that the necessary time for 
reaching the equilibrium increased with raising initial dye 
concentration, which is in agreement with experimental 
obtained data.  
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Figure 7.  Pseudo-second order kinetic model fitting for the adsorption of 
AO7-Cu and Cu2+ onto MP 3 

 
 

3.5. Equilibrium studies 
 

Equilibrium adsorption studies were carried out for a 
better understanding of the adsorption process. The 
experimental data obtained at equilibrium, was analyzed 
with Freundlich, Langmuir, and Sips adsorption models. 
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The parameters that describes the theoretical models 
were determined using ORIGIN version 6.1., and the 
statistical criteria were the standard deviation (SE) and the 
squared multiple regression coefficient (R2). 

Results are presented in Figure 8 and Table 2. 
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Figure 8. Isotherm plots for the adsorption of AO7-Cu and Cu(II)  
onto MP 3 

 
The best isotherm model that fits the experimental data 

with lower error was the Sips isotherm model. That means 
that an adsorption process is going on after a combined 
model of Frendlich and Langmuir: diffused adsorption at 
low dye concentration, and a monomolecular adsorption 
with a saturation value - at high adsorbate concentrations.  

The maximum adsorption capacity of the MP 3 for 
AO7-Cu dye, and Cu(II) was determined from the Sips 
isotherm curves. 
 
 
 
 
 

TABLE 2. Adsorption isotherm constants for the investigated 
pollutants adsorption on MP 3  
 

Isotherm 
model 

Parameter AO7-Cu Cu(II) 

Freundlich 
KF (mg1-(1/n)L1/n) 43.11 6.06 

n 7.81 2.03 

Langmuir 
qm (mg/g) 108.96 98.66 
KL (L/mg) 0.46 1.75.10-2 

 
Sips 

qm (mg/g) 135.92 80.56 
Ks (L/mg) 0.22 2.64.10-2 

n 2.18 0.68 

 
 

4. Conclusions 
 

New magnetic adsorbents with varied carbon content 
were successfully applied for removal of complex dye and 
copper ions from wastewaters. 

The removal efficiency of investigated pollutants 
depends on pH solution, and increases with increasing the 
carbon content, with initial dye concentration, and the dose 
of magnetite/carbon nanocomposites. 

The adsorption process can be conducted at normal 
temperature and natural solution pH with minimal working 
costs, which is important for a potential application in real 
systems. 
 The high adsorption capacity and excellent separation 
capability, indicates that the as-prepared magnetite/carbon 
nanocomposites are excellent adsorbent materials for 
removal of pollutants.  
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