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ABSTRACT

The magnetic bentonite material (Zr-B-Fe3O4) was prepared by a solvothermal reaction. The received Zr-B-Fe3O4 
had the advantage of pillared bentonite and magnetic Fe3O4. It can be separated easily under an external magnetic 
field, due to the formation of Fe3O4 on the surface of bentonite. SEM image indicated that there were a number of 
mesoporous and stripped slice layers. Fe3O4 nanoparticles with a diameter of ～150 nm dispersed uniformly on the 
bentonite surface. Furthermore, Zr-B-Fe3O4 was used to remove Congo red dye in solution. The results showed that 
Zr-B-Fe3O4 could be employed as a low-cost material for removal of Congo red from aqueous solutions effectively 
and conveniently.  
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1. INTRODUCTION

Bentonite is a non-metallic mineral containing montmorillonite as the main 

mineral component. It is consisted of silica (SiO2), aluminum oxide (Al2O3) 

and water. There are certain cations (such as Na+, Ca2+, K+, Mg2+, etc.) 

between the layer of bentonite, which are easily exchanged by other cations 

[1-3]. Bentonite materials can be used to remove many pollutants in water, 

such as heavy metal ions, organic pollutants, and dyes [4-10]. However, it is 

difficult to separate from solution which limits the practical application of 

bentonite in waste water treatment. 

Magnetic nanoparticles is an important class of nanomaterials [11-14]. 

Among them, Fe3O4 nanoparticles is one of the most widely used ferrite 

magnetic nanomaterials. In order to improve the adsorption capacity and 

reduce the preparation cost of magnetic materials, scholar have exploited 

a series of modification methods [15-20]. It is worth noting that, Wu 

prepared the magnetic GMZ bentonite composite by a simple co-

precipitation method [21]. The received magnetic material kept the 

physical properties of natural bentonite and showed a good adsorption 

capacity for rare metal elements in water. In order to improve the 

magnetism and adsorption capacity of the magnetic composites, we 

prepare the magnetic Zr-pillared bentonite by a simple one pot 

solvothermal method.  

2. EXPERIMENTAL PART

2.1 Materials and reagents 

All chemical reagents were of analytical grade and used as received. 

Distilled water was used for all synthesis and treatment processes. Congo 

red dye was purchased from Alfa Aesar Co., Ltd. The Congo red solution of 

1000 mg·L-1 was prepared by dissolving Congo red in distilled water. The 

dye solutions of different concentrations used in the experiments were 

diluted with the stock solution. FeCl3·6H2O, ethylene glycol, polyethylene 

glycol, and anhydrous sodium acetate were purchased from Tianjin 

Damao Chemical Reagent Manufacturing. 

2.2 Instrumentation 

The morphology of Zr-B-Fe3O4 was observed by H-7500 transmission 

electron microscope (Hitachi, Japan). The functional groups were 

characterized by the Vertex 80V FT-IR infrared spectrometer (Bruker, 

Germany). The N2 adsorption-desorption isothermal curve of Zr-B-Fe3O4 

was measured by using an ASAP 2000M automatic micropore analyzer  

(Micromeritics, USA). The magnetic property of Zr-B-Fe3O4 was tested by 

Quantum Design's Superconducting Quantum Interference (SQUID) 

vibrating magnetometer (MPMS XL-5, USA) . The absorbance of Congo red 

solution was measured by Shimadzu UV-3600 ultraviolet-visible 

spectrophotometer (497 nm). 

2.3 Preparation of Zr-B-Fe3O4 

2.3.1 Preparation of Zr-pillared Bentonite (Zr-B) 

 0.1 mol/L ZrOCl2 solution was dropwised added to 2% calcium ion-

exchanged bentonite until the Zr4+/bentonite ratio was 3 mmol·g-1 [22]. 

The mixture was stirred at 65oC for 2 h, aged for 4 h, and washed with 

distilled water. After dry at 110 oC, it was calcined at 300 oC for 3 h. 

2.3.2 Preparation of magnetic bentonite (Zr-B-Fe3O4) 

2.0 g pillared bentonite, 1.35 g FeCl3.6H2O, 3.60 g of NaAc and 1.00 g 

of  polyethylene glycol were dissolved in 40 mL of ethylene glycol. The 

mixture was stirred to form a homogeneous yellow-brown solution, and 

then heated at 190 oC for 8 h. After separation by a magnet, the received 

magnetic composite was washed with distilled water and ethanol and 

placed in a vacuum drying oven at 60 oC for 6 h. 

2.3.3 Congo red adsorption 

The single factor experiment method was used to determine the best 

conditions for dye adsorption. A certain amount of adsorbent was added 

to the 50 mL Congo red dye solution. After shaken for a certain time, the 

dye-loaded adsorbent was separated by an external magnetic field; the 

solution was measured at 497 nm using a spectrophotometer. The 

experiment parameters, such as equilibrium time, temperature, and 
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concentration were investigate in this study [23].  

3. RESULTS AND DISCUSSION

3.1 Properties of Zr-B-Fe3O4 

SEM was used to confirm the morphological characteristics of Zr-B-Fe3O4. 

As show in Fig.1, the spherical shape Fe3O4 nanoparticles with a diameter 

of ~150 nm, uniformly disperses on the surface of bentonite.   

Figure 1: SEM image of Zr-B-Fe3O4 magnetic material 

As shown in Fig.2, the N2 sorption-desorption isotherm belongs to IV type 

sorption isotherm in the IUPAC classification. The calculated BET specific 

surface area is 109.59 m2.g-1. Compared with the nature bentonite, the 

specific surface area increases obviously, indicating inorganic pillared 

agent entrance the space of bentonite layers. 
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Figure 2: Adsorption and desorption isotherms of N2 by Zr-B-Fe3O4

Fig.3 shows the hysteresis loop of Zr-B-Fe3O4 measured at room 

temperature. The saturation magnetization of Zr-B-Fe3O4 is 37.5 emu.g-1. 

Fig.3 also indicates that the  prepared magnetic bentonite material has 

superparamagnetism, which is favorable for its easy dispersion in aqueous 

solution and magnetic separation after adsorption. 
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Figure 3: Hysteresis loop of the Zr-B-Fe3O4 magnetic material 

3.2 Effect of temperature on the amount of adsorption 

0.05 g Zr-B-Fe3O4 was placed in a 30 mg.L-1 dye solution and shaken at 

different temperatures (20-50℃) for a certain time. The effect of 

temperature on the dye uptake is shown in Fig.4. The dye uptake increases 

significantly during the first 60 min. Then, the dye uptake decelerates over 

time and the adsorption nearly finished within 180 min. Furthermore, the 

dye uptake were significantly increased with temperature. 
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Figure 4: The influence of temperature on the adsorption 

3.3 Adsorption kinetics 

 0.05g of Zr-B-Fe3O4 was added into 50 mL of Congo red solution with the 

concentrations of 40, 60, and 80 mg·L-1, respectively. After incubation at a 

given time, 5 mL solution was taken from the vessel for absorbance 

determination. The amount of dye adsorbed by Zr-B-Fe3O4 increases with 

the increase of initial concentration; when the dye concentration 

increased from 40 mg·L-1 to 80 mg·L-1, the dye uptake increases from 30.85 

mg·g-1 to 42.00 mg·g-1. The pseudo-first-order kinetics and pseudo-

second-order kinetic models were used to fit the adsorption data. Fig.5 

indicates that the experimental data fit well to the pseudo-second-order 

model with high correlation coefficients between 0.9985 and 0.9999 (R2 > 

0.999). The adsorption data is also fitted by a intra-particle diffusion 

model. The correlation coefficient is between 0.7076 and 0.9366, 

indicating that the diffusion between particles is not the rate 

determination step.  

Figure 5: The influence of concentration on the absorption of dye 

3.4 Isothermal studies 

Langmuir and Freundlich isotherms were used to evaluate the adsorption 

capacity of the adsorbent. The relevant parameters qmax, b, kf, rL2, and rF2 

are listed in Table 1. From the correlation coefficients listed in Table 1, the 

Zr-B-Fe3O4 
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Langmuir modle fits the adsorption data better than the Freundlich modle. 

The maximum adsorption capacity (qmax) of Zr-B-Fe3O4 calculated from the 

Langmuir isotherm equation is 63.29 mg/g. 

Table 1: Adsorption isotherm parameters of adsorbed Congo red on Zr-B-Fe3O4 

Langmuir Freundich 

qmax 

/(mg·g-1) 

b/(L·mg-

1) 
rL2 kf n rF2 

63.29 0.0589 0.90 6.2933 1.789 
0.8

9 

4. CONCLUSION

In this study, the Zr-B-Fe3O4 magnetic adsorbent was prepared by a one 

pot solvothermal synthesis method. Compared with the magnetic 

bentonite materials prepared by co-precipitation method, Zr-B-Fe3O4 

prepared by solvothermal synthesis method had more regular 

morphology and stronger magnetic properties. 

The received magnetic adsorbent was used to remove Congo red dye from 

solution.  The adsorption of Congo red on Zr-B-Fe3O4 was fast; the 

adsorption equilibrium can be reached within 180 min. The adsorption 

process fit the pseudo second-order kinetic equation and Langmuir 

adsorption model well. The received Zr-B-Fe3O4 magnetic adsorbent is 

expected to be a promising candidate for dye discoloration because of its 

cost-effective, facile, and excellent adsorption capacity. 
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