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Abstract. This study was carried out to investigate the efficiency of employing magnetic particles (MP) in 

phosphorus removal from simulated phosphate solution at lab-scale. Results from adsorption isotherm 

showed that the highest sorption capacity obtained is about 33 mg P/g MP. At 10 g/L of MP loading and 

initial phosphorus concentration of about 10 ppm, MP showed phosphorus removal efficiency of more than 

90% after 2 hours of contact time. pH was also varied, from 2 to 12, to estimate the removal efficiency at a 

function of pH, and the results revealed that at acidic pH (2-6), phosphorus removal efficiency was more than 

95%. In another experiment, with the addition of Ca and Mg in phosphate solution, the removal efficiency 

showed significant increase, from less than 50% to almost 80% as the additional concentration of about 40 

ppm, which can correspond to the co-precipitation between these two ions with phosphate functional group. 
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1. Introduction 

Phosphorus presence in numerous types of wastewater, from low to high concentration, is a rich source 

of phosphorus leaking to natural environment. Excess of phosphorus in surface water may cause 

eutrophication that can lead to reduce oxygen concentration and degrades water quality. In recent decades, 

many studies have been carried out to find an effective method for phosphorus removal, such as chemical 

precipitation, biological treatment, reverse osmosis, contact filtration, and adsorption; each of them has their 

own advantages and weaknesses in practical [1, 2]. 

In recent years, much concern has been placed on the use of functionalized magnetic nanoparticles for 

soil remediation and water treatments. Among the most widely used nanoparticles, magnetic nanoparticles, 

mainly nano zero-valent iron, magnetite (Fe3O4) and maghemite (γ-Fe2O3) nanoparticles, have sparked an 

immense interest in research for engineering applications for treatment of polluted water or subsurface 

environments.[3, 4] [5]. There are a few researches that have used iron oxides for removal of phosphorus, 

such as the investigation of seeded precipitation of Ca phosphate on magnetite mineral (Fe3O4) surface [6], 

the use of microemulsion prepared magnetic nanoparticles for sewage wastewater treatment[7], and the study 

of using iron oxide tailings to capture phosphate in artificial solution [8]. The aim of this study is to 

investigate the removal of phosphorus from synthetic phosphate solution employing MP inexpensively 

synthesized by a chemical co-precipitation method. This MP was explored for the phosphorus adsorption 

capacity, the adsorption kinetics along with pH dependent and time dependent, and the effect of Ca
2+

 and 

Mg
2+

 ions on the adsorption process. 

2. Materials and methods 

2.1. Synthesis of magnetic particles 

The method for the synthesis of magnetic particles was chemical co-precipitation between the ferrous 

and ferric salts [9]. FeCl2.4H2O and FeCl3.6H2O were dissolved in 100mL deionized water to obtain the ratio 

of Fe
2+

:Fe
3+

 about 1:1.5. A hot plate was then used to heat this solution at 70°C, and simultaneously add 50 

mL ammonium hydroxide dropwise under vigorous stirring, and MP was formed as black precipitate. After 

stirring for 1h, these MP are separated from the solution using magnetic decantation and then washed with 

ethanol and deionized water until pH of solution is neutral.  
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2.2. Adsorption capacity 

This MP sorbent was investigated for phosphorus adsorption in a batch experiment at various P 

concentrations. The concentrations of P in the solution before and after treatment were analyzed using ICP-

OES (Optima 8000) along with a cabliration curve made from KH2PO4 standard solution. Adsorption 

isotherm was obtained at room temperature and pH of about 6. Based on initial (C0) and equilibrium (Ce) 

phosphorus concentration of each sample, the adsorption capacity (Qe) at each concentration will be 

calculated to obtain maximum capacity of this sorbent. 

2.3. Effect of pH and contact time 

Adsorption kinetics was evaluated, from pH 2 to pH 12, to investigate the change of adsorption capacity 

as a function of pH.In this experiment,NaOH 0.1 N and HCl 0.1 N were used to adjust pH to the desired 

values. Each sample contained 10 mL of KH2PO4 10 mg/L and 100 mg MP (10 mg MP/L) was shaken at 250 

rpm in 3h (the adsorption reached equilibrium within 2h). The solutions before and after treatment were 

collected and neutralized to pH 7 before measuring P concentrations by colorimetry method.  

To study the influence of contact time, a batch experiment was undertaken by using phosphate salt 

solution with phosphorus concentration of 10 mg/L reacting with 100 mg sorbent while maintaining contact 

time at different duration, from 10 minutes to 3 hours. After taken out from the shaker, those solutions were 

then separated from MP and analyzed phosphorus concentration by colorimetry method. 

2.4. Effect of Ca
2+

 and Mg
2+

 ions on the adsorption process 

Since the existences of Ca and Mg in domestic wastewater at considerable concentrations, a batch 

experiment was carried out to study the effect of these two ions on the phosphorus adsorption process of MP. 

A set of sample with P concentration of about 50 mg/L and various ionic concentrations, ranging from 20 – 

100 ppm, was conducted to estimate the adsorption capacity under the presences of Ca
2+ 

and Mg
2+

.The 

samples were shaken continuously for 3h to attain equilibrium, after which the residual concentration of 

phosphate was determined using colorimetry method. Ca
2+

 and Mg
2+

 were prepared from CaCl2 and MgCl2, 

and measured by ICP-OES which were done in triplicate for all samples. 

3. Results and discussion 

3.1. Synthesis of magnetic particles 

Fig. 1a shows the scanning electron microscope (SEM) image of this synthesized MP which exhibited 

that this MP was made at microsize, and also proved the amorphous state of it. In addition, XRD patterns 

(Figure 1b) of the synthesized magnetic particles (MP) which matches well with XRD peaks of iron oxide in 

the magnetite (Fe3O4) phase also shown at bottom. 

Fig.1: a) SEM image and b) XRD patterns of the synthesized magnetic particles (MP). 

3.2. Adsortion capacity 

In order to investigate the adsorption capacity of phosphorus onto the bared MP, various P 

concentrations range from 1 – 5000 mg/L were prepared, associated with MP amount of 10 mg/mL for each 
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sample.The equilibrium P concentration in the solution (Ce) and the equilibrium amount of P adsorbed onto 

MP (Qe) were plotted as shown in Fig. 2. Qmax was determined as 33 mg P/g MP. 

In additional, Fig. 2 illustrated the change of removal efficiency as a function of initial concentration. 

According to this figure, with initial phosphorus level lower than 10 mg/L, the removal efficiency can reach 

more than 85% (MP amount of about 10mg/mL). As increase phosphorus in the solution, MP had no more 

ability to adsorp additional phosphorus, due to the limit of surface area.With the concentration of phosphorus 

in septic tank wastewater of about 10 mg/L, this efficiency is significant considerable to apply MP for 

wastewater treatment. 

Fig.3 exhibited that the presence of the phosphorus adsorbed on the surface of MP was confirmed using 

energy-dispersive x-ray spectroscopy (EDX). This indicated that phosphate in this synthetic phosphate 

solution had been captured by MP. 

 

 

Fig.2:a) Adsorption capacity of phosphorus onto MP and b) Removal efficiency along with initial [P]. 

 
Fig. 3: EDX Image of P-Saturated MP 

3.3. Effect of pH and contact time 

Fig.4a shows the change in P removal efficiency while pH changed from 2 to 12 with initial P level of 

about 10 mg/L.This result revealed that the high efficiency exhibited from pH 2 to pH 6, with adsorption 

efficiency more than 95%, and then drop swiftly until about 20% at pH 12. It may due to the effect of pH on 

the charge of MP surface. 

The zeta potentials of this MP at various pH were measured by dispersing them in acidic and basic pH 

phosphate solutions (pH was adjusted by NaOH and HCl). As shown in Fig. 4b, the point of zero charge is 

between pH 3 and 4, which changes the charge on MP surface from positive to negative. Since phosphate 

ions have negative charge, so while pH level is below pH of zero point, MP surface has positive charge to 

attract phosphate group. 

Fig.5 shows the change of phosphorus concentration as a function of time. According to the results, 

system reached equilibrium within around 2h; additional time could not cause any significant reduction.  
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With initial phosphorus concentration of about 10 mg/L, the concentration after treatment can achieve 

nearly 1.2 mg/L (about 88% of removal efficiency). The efficiency increased rapidly in 10 minutes after 

started shaking, and began slowly until reached saturated. Removal efficiency of about more than 80% can 

be obtained after 30 minutes. With initial phosphorus concentration of about 10 mg/L, the concentration after 

treatment can achieve nearly 1 mg/L (removal efficiency  of about 90%f). This result indicated the ability of 

MP in phosphate adsorption at a short contact time to reach equilibrium. 

 

Fig. 4: a) The change of equilibrium phosphorus concentration in solution as a function of pH and  

b) pH dependent zeta potential of magnetic particles in simulated phosphate solution. 

 
Fig.5: Equlibrium phosphorus concentration as a function of time. 

3.4. Effect of Ca
2+

 and Mg
2+

 ions on the adsorption process 

Ca
2+

 and Mg
2+

 at various concentrations, namely, 20, 40, 60, 80, and 100 ppm were added separately in 

phosphate solution to investigate the effect of each ion on the adsorption process. 

Fig.6: a) Efficiency as a function of initial Ca and Mg and b) Amount of Ca and P had been adsorbed onto MP 
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Fig.6a showed the phosphorus removal efficiency with the comparison between added Ca2+ and Mg2+. 

For the samples without any additional metal ions at initial P of about 50 mg/L, the removal efficiency 

obtained was less than 50%, and then increased promptly when 20 ppm of additional ions were applied.With 

the concentration of added ions from 20 to 100 ppm, Ca always showed slightly higher ability than Mg. At 

40 ppm added, the change in removal efficiency began slowly, and reached saturated; excess Ca or Mg could 

not show any more reduction. According to the initial concentrations of P and additional ions of about 50 

ppm to reach saturation, the suitable ratio to obtain high efficiency should be 1:1 for each element. 

As shown in Fig. 6b, the amount of Ca and Mg have been adsorbed onto the MP is much different, it 

may due to the co-precipitation capacity of each metal with phosphate group, with the bonding between Ca
2+

 

and PO4
3-

stronger than Mg
2+

 and PO4
3-

. 

4. Conclusion 

Phosphorus removal from simulated solution was shown successfully with the use of magnetic 

nanoparticles (MP). In simulated P solution, the maximum P adsorption capacity determined is 33 mg P/ g 

MP use. The kinetic of removal is very fast and reach equilibrium within 2 hours of contact time. At P 

concentration of 10 ppm, the MPachieve more than 85% removal efficiency. It also performs well over wide 

pH range. For the pH range of 2-6, the removal efficiency of this MP is more than 95% and decreases to 

about 20% at pH 12.It was then shown, using simulated Ca – Mg and P solution, that the application of MP 

can reduce both species synergitically, i.e. the reduction is higher when both species are present in the 

wastewater than each individual species with MP.  This may also pave the way for use of MP in treatment of 

other contaminants and pollutants. Further work is being done to elucidate these synergic mechanisms.  
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