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Abstract

Removal of arsenic is the important issue to be resolved immediately because arsenic is 
harmful to the environment and the human body. Recently, the development of binary oxide 
containing iron oxide has gained considerable attention. In this study, novel magnetic binary 
oxides containing iron and yttrium FeYx x = molar ratio Y to Fe, 0.5, 1, 2 were prepared and 
their adsorption behaviors of As(III) and As(V) were evaluated. The specific surface area and 
the point of zero charge (PZC) of FeYx increased with increasing x. FeY2 had larger specific 
surface area 183 m2.g-1 and higher PZC (10.3) than FeY0.5 and FeY1. All adsorption 
experiments were carried out by batch method and the effects of pH and arsenic concentration 
on arsenic removal were investigated. The adsorption percentage of As(III) and As(V) using 
FeY2 was higher than 90 % in the wide region of pH 6.0-10.5 and decreased slightly at higher 
pH than the PZC. The adsorption isotherms of As(III) and As(V) with FeY2 at 303 K fitted the 
Langmuir model well. The maximum adsorption capacities of As(III) and As(V) on FeY2 were
1.12 and 3.26 mmol.g-1, respectively. FeY2 is expected as a high performance adsorbent for 
As(III) and As(V).

Keywords: Adsorption, Arsenic, Yttrium, Iron, Binary Composites

1. INTRODUCTION 
In recent years, arsenic contamination of rivers, seawater 

and groundwater is caused by dissolution of mineral and soil 
and human activities such as mining (Nriagu 2007). To 
minimize health risks as chronic arsenic poisoning, the 
environmental standard values of 0.01 mg.dm-3 is provided 
by WHO (Nriagu 2007). Arsenic in natural water exists as 
inorganic form of arsenite (As(III) and arsenate (As(V)).
Therefore removal of inorganic arsenic is the issue to be 
resolved immediately. In the previous study, it was found 
that the magnetite and the ferrite synthesized with high point 
of zero charge and large specific surface area can effectively
remove for arsenic (Ohe 2007, 2010a, 2010b). Recently, the 
development of binary oxide containing iron oxide has 
gained considerable attention (Gupta 2009, Zhang 2013) and 

As(III) was effectively removed by them. Yu et al. (2015,
2016) reported that yttrium-manganeese binary oxide and 
hydrated yttrium oxide had high capacity for As(V) in a 
wide range of pH. Wassay et al. (1996) found that a basic 
yttrium carbonate efficaciously removed As(V) at pH 7. 
However the adsorbents with yttrium were lower adsorption 
capacity for As(III) than As(V) at pH 7. In this study, a novel 
magnetic binary composite with iron and yttrium was 
prepared and its adsorption properties of As(III) and As(V) 
were evaluated.

2. EXPERIMENTAL 
2.1 Synthesis and characterization of Fe-Y magnetic 

binary oxide (FeYx)
FeYx was prepared by a coprecipitation method. A

Contact: Kaoru Ohe, Assistant Professor, Department of Applied Chemistry, Faculty of Engineering, University of Miyazaki
1-1, Gakuen Kibanadai Nishi, Miyazaki 889-2192, Japan
okaoru@cc.miyazaki-u.ac.jp, +81-985 - 58 - 7585
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composition ratio of Y / Fe = 0.5, 1, 2 (= x) using an iron(II) 
chloride and an yttrium(III) chloride was dissolved in 1 mol.

dm-3 hydrochloric acid. The mixed solution was added to 1 
mol.dm-3 aqueous sodium hydroxide solution under nitrogen 
gas at 363 K. The solid separated from suspension using 
centrifuge was dried under vacuum at room temperature. 
The products were evaluated by an X-ray diffraction 
analysis, measurement of point of zero charge, element 
analysis, and measurement of specific surface area by a 
nitrogen gas adsorption method at 77K.
                               
2.2 Adsorption experiment 
The adsorption test was carried out by a batch method. In 

order to investigate the effect of pH on the adsorption of 
arsenic, the aqueous As(III) and As(V) solutions were 
prepared at concentrations of 0.10 mmol.dm-3. The solution 
was adjusted to pH 3.5 - 12.0 by 10 mmol.dm-3 HCl and 
NaOH. In the adsorption isotherm for arsenic, aqueous 
As(III) and As(V) solutions were prepared at concentrations 
of 0.10 - 2.0 mmol.dm-3 and 0.10 - 4.0 mmol.dm-3,
respectively. The pH of the solution was adjusted to 7.0 by 
10 mmol.dm-3 BES buffer solution. All batch tests were 
carried out as follows. 15 cm3 of the solution was added to 
the sample tube with 10 mg of FeYx. The suspension was 
shaken in a thermostat at 303 K, 120 rpm for 24 h. After 
shaking, the sample was filtered through a hydrophilic PTFE 
0.45 μm membrane filter, and the As concentration in filtrate 
was analyzed by ICP atomic emission spectrometer.
Adsorption percentage and amount of adsorption were 
calculated by Eqs. (1) and (2).

A = (Ci – Ce) / Ci 100 (1)
q = (Ci – Ce) 15/ 10 (2)

Where A and q are adsorption percentage (%) and amount of 
adsorption (mmol.g -1), respectively. Ci and Ce represent the 
initial and the equilibrium concentration (mmol.dm-3) of 
arsenic, respectively.

3. RESULTS AND DISCUSSION 
3.1 Characterization of FeYx (x=0.5, 1, 2)
XRD patterns of prepared FeYx were shown in Fig.1. The 

diffraction peaks of the FeYx were attributed to 
characteristic peaks of Fe3O4. The increase of x was 
gradually widening the half value width of the diffraction 
peak and decreased the intensity of the peak. The broad peak 
of YOOH appeared with increasing a molar ratio of Y/Fe.   
The points of zero charge (PZC) of FeY2, FeY1 and 
Fe-Y0.5 were determined by zeta potential measurement, 
and they are 10.3, 9.8 and 8.8, respectively. The surface of 
the FeYx is positively charged at pH < PZC and becomes
negatively charged at pH > PZC. The specific surface areas 
were 183, 166 and 140 m 2.g -1, respectively. The relation of 

the specific surface area and the PZC versus x was shown in 
Fig. 2. From this result, it was found that the PZC and the 
specific surface area increased with increasing x. Because 
the FeYx has magnetic property, the arsenic-loading FeYx is 
easily separated from suspension by magnet. 

3.2 Effect of pH on As(III) and As(V) adsorption 

Fig. 3 shows the effect of pH on As (III) and As (V) 
adsorption by FeY2. FeY2 had the adsorption percentage
higher than 90% of As(III) and As(V) in a wide pH range 
(6.3 – 10.5). These results were suggested that As(III) and 

Fig. 3 Effect of pH on adsorption percentage 
of arsenic with FeY2.
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Fig.1 XRD patterns of FeYx (x = 0.5, 1, 2).

Fig. 2 Plots of the specific surface area and the 
point of zero charge versus molar ratio of Y to Fe.
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As(V) were adsorbed on the adsorbent surface positively 
charged at pH< PZC. In the region of pH> PZC, the surface 
of FeY2 is negatively charged, which was caused 
electrostatic repulsion with the anion species of As(III) and 
As(V). Increase of PZC enhanced the arsenic adsorption 
performance of FeYx at high pH.

3.3 Adsorption isotherms of As(III) and As(V) 
The maximum adsorption capacity and the adsorption 

equilibrium constant of As(III) and As(V) on FeYx were 
investigated by adsorption isotherms. The adsorption 
isotherms of As (III) and As (V) at 303 K are shown in Fig. 
4. The data was correlated with Langmuir adsorption model 
(Eq.(3)). 

q = KL qmax Ce / (1+ KL Ce) (3)
q/ Ce = 1/ KL qmax +  Ce / qmax (4)

The maximum adsorption capacity (qmax, mmol.g-1) and the 
adsorption equilibrium constant (KL, dm3. mmol-1),
respectively were determined from the intercept and the 
slope obtained by Eq.(4) which derived from rearranging 
Eq.(3).

The qmax values of As (III) on FeY2, FeY1 and FeY0.5 
were 1.21, 0.893 and 0.693 mmol.g -1, respectively. KL

values were 6.15, 8.83 and 12.7 dm 3 mmol -1, respectively. 
In the adsorption of As (III), qmax and KL increased with 
increasing the molar ratio of Fe to Y and increasing the 
amount of Fe in the FeYx composition, respectively. The 
qmax of As(III) on three FeYx adsorbents were higher than 
that of yttrium-manganese binary composite 
(0.373mmol.g-1 )(Yu 2015).

The qmax values of As (V) on FeY2, FeY and Fe-Y0.5 
were 3.26, 2.09 and 2.03 mmol.g -1, respectively, and KL

values were 22.4, 18.0 and 18.2 dm3.mmol -1, respectively.
The adsorption performance for As(V) was enhanced with 
increasing the amount of yttrium in the FeYx composition.
The qmax and the KL of As(V) on FeY2 were 2.5 times and 
3.6 times for those of As(III) , respectively. At pH 7.0 most 
of the surface on FeY2 has the adsorption site charged 
positively because of high PZC value. This result suggests 
that As(V) is adsorbed by electrostatic attractive force
between FeY2 surface charged positively and anion species 
of As (V). The qmax of As(V) on FeY2 are much higher than 
those on Cu-Fe, 1.10 mmol.g-1 (Zhang 2013) and Fe-Ti
0.19 mmol.g-1 (Gupta 2009) binary oxides. Therefore FeY2 
is expected for adsorbent of As(III) and As(V).
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