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Abstract. CuFe2O4 nanoparticles were synthesized by co-precipitation method from the solution of 

CuCl2 and FeCl3 in alkaline condition. The prepared magnetic CuFe2O4 can be used to adsorb 

Cr(VI) ions from aqueous solution and separated from medium by magnetic technique. The 

characterization of CuFe2O4 with X-Ray diffraction (XRD) showed cubic units shells with diameter 

in the range 15-20 nm which obtained by Transmission Electron Microscope (TEM). The saturation 

of magnetization was around 13 emu g
-1

 measured with Vibrating Sample Magnetometer (VSM). 

Batch adsorption studies were carried out to optimize adsorption condition. Effective conditions for 

adsorption of Cr(VI) were found at the weight of CuFe2O4 was 1.0 g with contact time of 60 

minutes and pH 3 with adsorption capacity 9.20 mg g
-1

. 

Introduction 

Heavy metals in the environment are problem that cannot be resolved until now. Various 

treatments such as coagulation, precipitation, sedimentation, ultrafiltration, ozonation, 

electrochemical, and reverse osmosis had been applied to remove heavy metal in solution. One of 

heavy metal pollutants in the environment is chromium. Chromium has wide applicability in the 

steel and alloy industries. Chromium species exist mainly in two different oxidation states in water 

environment, Cr(VI) and Cr(III) ions [1]. Cr(VI) and Cr(III) have contrast different in physiological 

effects. Cr(III) is essential for human beings [2], and necessary for maintenance of glucose, lipid 

and protein metabolism in mammals [1], but Cr(VI) can be toxic for biological system, carcinogenic 

in humans and mutagens and teratogens in biological system [3,4]. Exposure to Cr(VI) and its 

compounds cause irritation to skin, resulting dermatitis and ulcer formation [2,5]. It has been 

reported that Cr(VI) is about 500 times more toxic than Cr(III) and the common concentration of 

Cr(VI) found in wastewater are around 50-100 mg/L [6]. According to EU and WHO standards the 

maximum total chromium content in drinking water is 0.05 mg L
-1

[5]. Therefore, developing 

techniques to removal Cr(VI) from wastewater is an important. 

There are several methods used to treat wastewater which contain Cr(VI), such as reduction [7], 

adsorption [6, 8, 9], and extraction [10]. Adsorption has obtained favor in recent years due to 

proven efficiency in the removal pollutants from wastewater because availability, profitability, ease 

of operation and economic. Ferrites of type MFe2O4 (M is a different metal cation) have been 

exploited for wastewater treatment and resulting excellent adsorptive properties with capability of 

effective recovery by a magnetic separation tecgnique [11]. Ferrites is also known to its excellent 

chemical stability [12]. Magnetic nanoparticles have large surface area also easy and inexpensive to 

synthesize [13]. In this study, copper ferrite (CuFe2O4) was prepared and the adsorption of Cr(VI) 

ions were demonstrated. Interaction of magnetic nanoparticles with Cr(VI) caused by attractive 

electrostatic is influenced by pH solution [8].  

 

Experimental Procedures  

Analytical grade CuCl2, FeCl3 and K2Cr2O7 were obtained from Merck. CuFe2O4 was prepared 

by co-precipitation method. Prepare 400 mL solution consisting of 0.02 mole of CuCl2.2H2O and 
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0.04 mole FeCl3 at room temperature under vigorous magnetic stirring, slowly raised the pH by 

adding NaOH (5 mole L
-1

) up to about 10. Stirring was continued for 30 minutes and the suspension 

was heated to 95-100 
0
C for 2 h [6,14]. Synthesis of CuFe2O4 reaction[14]: 

2FeCl3(l) +  CuCl2(l) + H2O(l) + 8NaOH(l) → CuFe2O4(s) + 8NaCl(l) + 5H2O(l)                      (1) 

After cooling, the prepared CuFe2O4 was repeatedly washed with distilled water until the pH is 

neutral. By simple magnetic procedure, the obtained materials were separated from water and dried 

in oven at 105
0
C. The crystalline structure of CuFe2O4 was determined using X-Ray diffraction 

Shimadzu XD-610 with Cu Kα radiation in the 2θ range 10-80
0
, Transmission Electron Microscope 

JEOL JEM 1400 and Vibrating Sample Magnetometer Lakeshore 74004. 

Batch adsorption studies were performed by mixing CuFe2O4 particles with 100 mL of the 100 

mg L
-1

 Cr(VI) ions solution in a flask. This process was carried out using shaker at a constant speed 

of 120 rpm. All adsorption experiment was carried out at a fixed temperature 0f 25 
0
C ± 1. The 

effect of weight of CuFe2O4 on the adsorption capacity was studied using weight variation from 0.8 

to 1.2 g at pH 5 and contact time of 75 minutes. The effect of pH on the adsorption capacity was 

studied with pH adjustment from 3 to 8 using 0.1 M HCl and 0.1 M NaOH solutions. The contact 

time for adsorption process varied at 15, 30, 45, 60 and 75 minutes. Determination of Cr(VI) ions in 

solution used Atomic Absorption Spectroscopy (AAS) Shimadzu AA-6300 at 540 nm. 

Result and Discussion 

Characterization of CuFe2O4.  

Fig.1 show XRD patterns of CuFe2O4, indicated that the metal oxides can be indexed on a cubic 

structure.  Nine characteristic peaks at 18.7
0
, 30.2

0
, 35.6

0
, 37.2

0
, 43.6

0
, 57.1

0
, 62.8

0
, 74.5

0
, and 79.5

0
 

were corresponding to the (111), (220), (311), (222), (400), 511), (440), (533) and (440) crystal 

planes of CuFe2O4 [15]. 

 
Figure 1. XRD pattern of CuFe2O4 

 

                         

Figure 2. Characteristics of the CuFe2O4 by (a) TEM and (b) VSM 

(a) (b) 

Advanced Materials Research Vol. 896 105



 

Fig. 2 (a) shows TEM image of CuFe2O4, the particle size of the CuFe2O4 was found about 15 to 

20 nm. Hence, the prepared CuFe2O4 by co-precipitation method is found to be nanophase. Fig. 2 

(b) show the saturation of magnetization of CuFe2O4 was 13 emu g
-1

. Saturation of magnetization 

obtained is smaller than the standard saturation magnetization of CuFe2O4 as 22.5 emu g
-1

 at room 

temperature [16]. 

 

Optimum adsorption condition. Fig. 3 (a) shows the weight adsorbed of Cr(VI) (mg g
-1

) with 

change in the weight of CuFe2O4. It can be observed that the adsorption capacity of Cr(VI) 

increased with an increased in the weight of CuFe2O4 nanoparticles. After equilibium, the 

adsorption capacity of Cr(VI) decreased because the weight of CuFe2O4 increased but amount of 

Cr(VI) is limited. Effective  weight was found at 1 g CuFe2O4 with the adsorption capacity 8.20 mg 

g
-1

. 

 

        

 
Figure 3. Adsorption capacity by varying of (a) weight CuFe2O4 (b) contact time and  

(c) pH solution 

 

Fig. 3 (b) shows the effect of contact time on the adsorption capacity of Cr(VI). It can be seen 

that the adsorption process consist of two steps. In the first step, the adsorption capacity rate was at 

0 to 60 minutes. The second step, the adsorption capacity was constant at 60 to 75 minutes. The 

effective contact time was found at 60 minutes with adsorption capacity 8.3 mg g
-1

. The pH of 

solution plays an important role in the whole adsorption process and particularly on the adsorption 

capacity. The effect of pH on adsorption capacity of Cr(VI) arose apparently from the charge 

properties of both Cr(VI) ions and CuFe2O4.  Fig. 3 (c) shows the effect of pH solution on the 

adsorption capacity of Cr(VI). The maximum of adsorption capacity was observed at pH 3 with 

adsorption capacity as 9.20 mg g
-1

. At pH solution < pHpzc CuFe2O4 (6.3-6.8) adsorbent surface 

could be positively charged due to the adsorption of H
+
. Therefore, Cr(VI) at the pH from 2 to 6.5 

exists mainly in the soluble forms of HCrO4
-
 and Cr2O7

2- 
[6] so the anions are adsorbed by 

electrostatic attraction.  

The adsorption capacity of CuFe2O4 to Cr(VI) was smaller when compared to the reduction 

method using H2SO4 and modified chitosan [7,9] but CuFe2O4 has the advantage such as it does not 

(b) (a) 

(c) 
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require filtration and adsorption time was faster. The adsorption capacity of CuFe2O4 was calculated 

9.20 mg g
-1

. This value is not different with using Fe3O4 nanoparticles as 9.7087 mg g
-1

 [8].  

 

Conclusions 

Magnetic CuFe2O4 nanoparticles were successfully prepared by a chemical co-precipitation method, 

have cubic phase formed with 15-20 nm diameters size and magnetic saturation as 13 emu g
-1

. The 

result of batch experiment for adsorption 100 mL of Cr(VI) with a initial concentration 100 mg g
-1

 

showed that the optimum adsorption condition at weight of CuFe2O4 1 g, solution pH 3 and contact 

time of 60 minutes with adsorption capacity as 9.20 mg g
-1

. 

References 

[1] J. Kotas, and Z. Stasicka, Chromium occurrence in the environment and methods of is 

speciation, Environt. Pollut. 107 (2000) 263-268  

[2]  F.W. Oehme, In toxicity of heavy metals in the environment, Marcel Dekker Inc., New York, 

1979 

[3] A.K. Shanker, C. Cervantes, L. Tavira, S. Avudainayagam, Chromium toxicity in plant, 

Environt. Int. 31 (2005) 739-753 

[4] A. Zhitkovich, Important of chromium DNA adducts in mutagenicity and toxicity in 

chromium(VI), Chem. Res. Toxicol. 18 (2005) 3-11 

[5]  N.I. Sax, In Dangerous Properties Of Industrial material, 6
th

 ed., Van Nostrand Reinhold Co, 

New York, 1984 

[6] Yong, G.Z., H.Y. Shen, S.D. Pan, M.Q. Du and Q.H. Xia, Preparation and characterization of 

amino functionalized nano-Fe3O4 magnetic polymer adsorbents for removal of chromium (VI) 

ions, J. Metr. Sci. 45 (2010) 5291-5301 

[7] P.L. Hariani, H. Nurlisa, Reduction of Cr(VI) ions in aqueous used FeSO4, J. Science 

Research 12 (2009) 17-22 

[8] S.H. Dewi, and Ridwan, Synthesis and characterization magnetic nanoparticles Fe3O4 for 

adsorption chromium hexavalen, Indonesian Journal of Material Science, 13 (2012) 136-140 

[9] J. Dai, F.L. Ren and C.Y. Tao, Adsorption of Cr(VI) and speciation of Cr(VI) and Cr(III) in 

aqueous solution using chemically modified chitosan, Int. J. Environ. Res. Public Health, 9 

(2012) 1757-1770 

[10] Y. Okamoto, Y. Nomura, K. Iwamaru, High preconcentration of ultra trace metal ions by 

liquid-liquid extraction using water/oil/water emulsion of liquid surfactans membranes, 

Microchem. Jour., 65 (2000) 341-346 

[11]  G. Zhang, J. Qu, H. Liu, R. Liu, R. Wu, Preparation and evaluation of a novel Fe-Mn binary 

oxide adsorbent for effective arsenite removal, Water Res. 41 (2007) 1921-1928 

[12]   X. Liu, M., Fu, S. Y., Zhu, L. P., High-yield synthesis and characterization of  monodisperse 

sub-microsized CoFe2O4
 
octahedra. J.Solid State Chem. 180 (2007) 461-466 

[13]  M. Namdeo and Bajpai, S.K., Chitosan coated nanocomposite (CMNs) as magnetic carrier 

particles for removal Fe(III) from aqueous solutions, Colloid Surface 320 (2008) : 161-168 

[14] S. Hashemian, Kinetic and thermodynamic of adsorption of methylene blue by  CuFe2O4/rice 

bran composite, Int. J. Physic.Scien. 6 (2011) 6257-6267  

[15] JCPDS card 25-283, International center for diffraction data, Swathmore, PA, 1986 

[16] H.M. Lu, W.T. Zheng, and Q. Jiang, Saturation magnetization of ferromagnetic and 

ferrymagnetic nanocrystal at room temperature, J. Phys. D. Appl. 40 (2007) 320-325 

Advanced Materials Research Vol. 896 107



Advanced Materials Science and Technology 
10.4028/www.scientific.net/AMR.896 
 
 
Magnetic CuFe2O4 Nanoparticles for Adsorpstion of Cr(VI) from Aqueous Solution 
10.4028/www.scientific.net/AMR.896.104 
 

DOI References

[1] J. Kotas, and Z. Stasicka, Chromium occurrence in the environment and methods of is speciation,

Environt. Pollut. 107 (2000) 263-268.

http://dx.doi.org/10.1016/S0269-7491(99)00168-2 
[3] A.K. Shanker, C. Cervantes, L. Tavira, S. Avudainayagam, Chromium toxicity in plant, Environt. Int. 31

(2005) 739-753.

http://dx.doi.org/10.1016/j.envint.2005.02.003 
[4] A. Zhitkovich, Important of chromium DNA adducts in mutagenicity and toxicity in chromium(VI),

Chem. Res. Toxicol. 18 (2005) 3-11.

http://dx.doi.org/10.1021/tx049774+ 
[11] G. Zhang, J. Qu, H. Liu, R. Liu, R. Wu, Preparation and evaluation of a novel Fe-Mn binary oxide

adsorbent for effective arsenite removal, Water Res. 41 (2007) 1921-(1928).

http://dx.doi.org/10.1016/j.watres.2007.02.009 
[16] H.M. Lu, W.T. Zheng, and Q. Jiang, Saturation magnetization of ferromagnetic and ferrymagnetic

nanocrystal at room temperature, J. Phys. D. Appl. 40 (2007) 320-325.

http://dx.doi.org/10.1088/0022-3727/40/2/006 

http://dx.doi.org/www.scientific.net/AMR.896
http://dx.doi.org/www.scientific.net/AMR.896.104
http://dx.doi.org/http://dx.doi.org/10.1016/S0269-7491(99)00168-2
http://dx.doi.org/http://dx.doi.org/10.1016/j.envint.2005.02.003
http://dx.doi.org/http://dx.doi.org/10.1021/tx049774+
http://dx.doi.org/http://dx.doi.org/10.1016/j.watres.2007.02.009
http://dx.doi.org/http://dx.doi.org/10.1088/0022-3727/40/2/006

