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Abstract 
Water eutrophication is generally caused by the phosphorus excessive con- 
centration. This phenomenon may affect the water quality. Hence, phosphorus 
removal from dam water which is affected by agricultural activities is not well 
known. The present work aimed to remove phosphorus from water using 
green Fe3O4 nanoparticles. Green iron oxide nanoparticles were prepared 
using the white and purple onion peels extracts. The stable iron oxide was 
selected using the antioxidant activity against 1,1-Diphenyl-2-Picrylhydrazyl. 
The SEM, XRD and FTIR analysis were used to characterize the nanoparticles. 
Phosphorus adsorption experiments were done in aqueous and real water 
solutions. The results showed that green iron oxide mediated by purple onion 
peels extracts possessed better antioxidant activities. The green magnetite 
(Fe3O4) nanoparticles obtained with the purple onion peels extracts have an 
average size of 15.81 nm and their surface were covered by phytochemicals 
compounds. In aqueous media, the optimum initial concentration of phosphate 
was 10 mg/L with a maximum adsorption percentage of 92%. The phosphate 
adsorption in aqueous solution by Fe3O4 was well described by the Freundlich 
model. The maximum adsorption capacity was 32.05 mg/g. In addition, the 
results also revealed that the maximum adsorption percentage of phosphorus 
in the dam water was 50.13%. Green Fe3O4 is therefore a good agent for 
removing phosphorus from polluted dam water. 
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1. Introduction 

The eutrophication of water which generally manifests through the proliferations of 
micro and/or macro algaes, has become a major concern [1]. This phenomenon can 
negatively affect the water quality and can lead, for example, to the death of fish [2]. 
Eutrophication of water is generally linked to excess phosphorus [3]. Important 
amounts of phosphorus are discharged into the aquatic environment by human 
activities such as agricultural practices [2]. Indeed, to increase their production, 
farmers use pesticides and phosphate fertilizers. In addition, phosphorus is a 
nonrenewable resource and in a growing world, securing sufficient phosphorus will 
be important to avoid its depletion. Therefore, phosphorus recovery from polluted 
waters is very important. 

Many techniques including filtration, electrocoagulation, reverse osmosis, 
oxidation, and adsorption have been developed to remove phosphorus from 
polluted waters [4]-[8]. Due to its low cost, the adsorption technique is frequently 
used. The adsorption technique uses many adsorbents such as nanoparticles which 
are defined as materials having size between 1 and 100 nm [9]. The nanoparticles 
are used in many fields including medicine, cosmetics, energy, agriculture, and 
water treatment [10]. Chemical and physical methods such as sol-gel transition, 
chemical deposit in steam phase, mechanical milling, thermal decomposition and 
ablation laser are commonly used to synthesize the nanoparticles [11] [12]. These 
physico-chemical methods are costly and sometimes use toxic substances. These 
problems have been the subject of the development of environmentally friendly 
alternatives [13]-[16]. 

Green synthesis is advantageous because it uses substances containing phyto- 
chemicals compounds such as polyphenols, flavonoids, coumarins, tannins, phenolic 
acids, alkaloids, which act as reducing and stabilizing agents [17] [18]. The plants, 
fruit peels, and algae, extracts are among the ecological substances used in green 
synthesis [17]. Among the fruit peels are those of onion. The onion is consumed 
abundantly by the populations. However, the onion peels are released into the 
environment. In developing countries, the onion peels wastes cause serious disposal 
problems and air pollution resulting from open burning. Those low cost waste 
products are unused resources that can be valorized in water treatment field to 
reduce the environmental pollution. Hence, several authors have synthesized 
nanomaterials of Ag [19] [20], Fe2O3 [21], Au [22], ZnO [23], and NiO [24] via 
onion peel extracts. As for magnetite, its ecological synthesis focused on the use of 
plants extracts [25]-[28]. Therefore, green synthesis of magnetite using onion peels 
extracts is not well known.  

Due to their good magnetic properties allowing their easy separation in solution, 
Fe3O4 nanoparticles are increasingly used to remove pollutants from wastewater [29]. 
Also, these nanomaterials exibited good adsorption capacities toward trace metals, 
dyes and phosphorus [30]-[33]. However, studies on phosphorus removal from real 
wastewaters using magnetite synthesized using onion peels extracts are limited. 

The aim of this study is to remove phosphorus from real polluted water using 
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the adsorption technique. For this purpose, green iron oxide nanoparticles were 
synthesized and characterized. The phosphorus adsorption isotherm was studied 
in aqueous media. Lastly, the effect of the mass of green iron oxide on phosphorus 
adsorption in dam water was investigated. 

2. Materials and Methods 
2.1 Preparation of the Extract 

The Allium cepa L. peels (purple and white) were collected in the Korhogo big 
market. After washing several time with distilled water, the peels were dried at 
30˚C in the oven during 24 h before ground and sieved. The differents peel 
extracts were prepared by modifying the Ruíz-Baltazar et al. [34] method. This 
modified protocol is described as follow: about 20 g of purple or white onion peels 
were added to 100 mL of Milli Q water, and the mixture was agitated and heated 
during 30 min at 80˚C. After that, the solution was filtered and the obtained 
extract was used for experiments. 

2.2. Green Iron Oxide Synthesis 

To synthesize the green iron oxide particles, 3.475 g of FeSO4∙7H2O and 6.755 g of 
FeCl3∙6H2O (1/2 molar ratio) were dissolved in 125 mL of Milli Q water. A volume 
of 20 mL of purple or white onion peels extract was added to the solution of (Fe2+ 
+ Fe3+) and the mixture was stirred at 80˚C during five minutes. The pH of the 
obtained mixture was adjusted between 10 and 11 using sodium hydroxide NaOH 
(1 M) solution [15]. The product was then separated by centrifugation and washed 
several time with Milli Q water after drying at 60˚C for 24 h in an oven. The green 
iron oxides obtained with purple, and white onion peels were denoted as PPFeO 
and WFeO, respectively. 

2.3. Evaluation of the PPFeO and WFeO Antioxidant Activities 

The stable radical 1,1-Diphenyl-2-Picrylhydrazyl (DPPH) was used to evaluate the 
antioxidant properties of PPFeO and WFeO. Firstly, a solution of 0.1 mg/mL of 
DPPH was prepared by dissolving 14 mg of DPPH in 140 mL of DMSO. Then, 
after preparation of differents concentrations (2 mg/mL, 1 mg/mL, 0.5 mg/mL, 
0.25 mg/mL, 0.125 mg/mL and 0.0625 mg/mL) of PPFeO or WFeO using DMSO, 
1 mL of 0.1 mg/L of DPPH was added to each concentration. The mixtures were 
agitated and keep in the dark at 25˚C for 30 min. A spectrophotometer JENWAY 
was used to measure the absorbance of the sample at 517 nm [35]. The following 
Equation (1) was used to calculate the free radical inhibition percentage:  

( ) ( ) 100
Scanvenging activity % b i

b

A A
A

− ×
=                (1) 

with:  
Ab: absorbance of the blank (control); Ai: absorbance of the sample in the 

presence of PPFeO or WFeO. 

https://doi.org/10.4236/msce.2024.1212002


N. S. Soumahoro et al. 
 

 

DOI: 10.4236/msce.2024.1212002 21 Journal of Materials Science and Chemical Engineering 
 

2.4. Samples Characterization by SEM, XRD and FTIR Analysis 

The field-emission gun source scanning electron microscope (FEG-SEM; JEOL/ 
JEM-1230) and the Xray powder diffraction (XRD) were used to know the 
morphology and the crystallinity of the best green iron oxide, respectively. Data 
of XRD patterns were given by a Bruker D8 Advance X-ray diffractometer with Cu-
Kα radiation. The fonctional groups present on the surface of the onion peels and 
green iron oxide were determined using a Fourier Transform spectrophotometer 
Thermo Fisher Scientific Inc. Nicolet 8700 in the range of 650 and 4000 cm−1. In 
this section, the samples were analyzed in the powder form. 

2.5. Phosphorus Adsorption from Aqueous and Real Solutions 

In aqueous media, the isotherm adsorption experiments were done using initial 
phosphate concentrations of 10 mg/L, 20 mg/L, 30 mg/L, 40 mg/L, 50 mg/L, 60 
mg/L, 80 mg/L, 90 mg/L and 100 mg/L. These solutions were prepared from 
potassium dihydrogenophosphate KH2PO4 (Panreac, purity 99%). To 20 mL of 
each solution, 0.1 g of iron oxide was added and the mixture was stired for 24 h. 
To test the adsorption capacity of green iron oxide in real solution, the Korhogo 
biggest dam water was collected. Korhogo is the biggest town in the northern Côte 
d’Ivoire. The agricultural activities using food crops were developed in this city, 
especially around the dam. Different amounts of iron oxide (0.05 g, 0.1 g, 0.2 g 
and 0.4 g) were added to 20 mL of the dam water and the suspensions were 
agitated for 24 h. After agitation, all suspensions were centrifuged at 5000 rpm for 
10 min and the supernatants were analyzed at 700 nm using a spectrophotometer 
HACH DR6000 to determine the phosphorus content using the Murphy and Riley 
method [36]. The amounts and percentages of phosphorus after adsorption were 
calculated using the Equations (2) and (3), respectively.  

( )0 e
e

C C V
q

m
− ×

=                          (2) 

( )0

0

100
% eC C

ADS
C

− ×
=                       (3) 

In the Equations (2) and (3), C0 (mg/L), Ce (mg/L), m (g), V (L) are the initial 
concentration, equilibrium concentration, the mass of the adsorbent and the 
volume of the solution, respectively.  

Phosphorus adsorption data in aqueous solution were fitted using the nonlinear 
forms of Langmuir [37] and Freundlich [38] models indicated by the Equations 
(4) and (5), respectively 

max

1
L e

e
L e

Q K C
q

K C
× ×

=
+ ×

                        (4) 

1 e eF
nq K C= ×                            (5) 

Ce (mg/L) is the equilibrium concentration of phosphorus; 
qe (mg/g) is the phosphorus amount adsorbed at equilibrium; 
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KL and KF are the Langmuir and Freundlich constants, repectively; 
Qmax (mg/g) is the maximum amount adsorbed;  
n is the Freundlich model exponent. 
An error analysis based on the sum of squares (SSE) and chi-square ( 2χ ) has 

been carried out in order to find the best non-linear model. 

( )2

1 e exp e cali
nSSE q q
=

= −∑                     (6) 

( )2

2
1

e exp e cal

i
e cal

n q q

q
χ

=

−
= ∑                      (7) 

where qe cal and qe exp are predicted and experimental adsorption data, respectively. 

3. Results and Discussion 
3.1. Antioxidant Activity 

Figure 1 indicates the percentages of DPPH inhibition by iron oxide particles syn-
thesized with white onion (WFeO) and with purple onion (PPFeO). The scavenging 
activity of DPPH varied from 5.89% to 24.89% for iron oxide PPFeO. Whereas, that 
for iron oxide WFeO increased from 1.84% to 18.01%. Data obtained with PPFeO 
were higher than those obtained with WFeO, showing that the PPFeO particles pos-
sess good antioxidant properties than WFeO particles. That can be explained by the 
fact that there are more phytochemicals present on the PPFeO surface [15]. 
According to Mondal et al. [17], phytochemicals compounds present in plants, peels 
and fruits enhance the stability of nanoparticles. Therefore, the iron oxide PPFeO 
particles are most stable than iron oxide WFeO particles. Thus, PPFeO particles 
seem to be the most appropriate for various applications. Authors such as Kouassi 
et al. [15] and Kumar et al. [39] showed remarkable antioxidant activities for iron 
oxide particles synthesized with grapfruit peels extract and citrus peels extract, 
respectively. These findings corroborate ours. 
 

 
Figure 1. Antioxidant activity of WFeO and PPFeO against DPPH. 

https://doi.org/10.4236/msce.2024.1212002


N. S. Soumahoro et al. 
 

 

DOI: 10.4236/msce.2024.1212002 23 Journal of Materials Science and Chemical Engineering 
 

3.2. SEM, XRD and FTIR Analysis of Iron Oxide PPFeO 

The morphology of PPFeO nanoparticles is given by Figure 2. The results of 
SEM image of PPFeO particles showed semi-spherical with agglomerates. The 
phytochemicals from onion peels present on the surface of PPFeO and the 
magnetic interaction due to iron oxide particles can explain the agglomeration 
[15] [34]. 
 

 
Figure 2. SEM image of PPFeO. 

 
Figure 3 indicates XRD data for PPFeO particles. Differents diffraction peaks 

were observed at 18.27˚C, 21.16˚C, 30.11˚C, 30.21˚C, 35.42˚C, 43.12˚C, 47.16˚C, 
57.09˚C, 62.82˚C, 66.02˚C, 73.91˚C, 75.22˚C, and 82.95˚C which correspond to the 
index (011), (002), (112), (200), (121), (004), (123), (204), (321), (400), (411), (143), 
(422), and (226), respectively. According to the reference data of JCPDS 39-1346 
(Joint Committee on Powder Diffraction Standards), our findings show the for- 
mation of magnetite (Fe3O4). The intense peaks observed at 30.21˚C (index 200) and 
35.42˚C (index 121) reveal the crystalline nature of Fe3O4 particles [40]. The average 
size of the green Fe3O4 particles calculated using the Debye-Scherrer relationship 
was 15.81 nm, that confirms their nanometric nature. According to Strambeanu et 
al. [9] the size of the nanoparticles vary between 1 and 100 nm. Our results 
corroborate those of Bouafia et al. [25] and Stan et al. [41]. Bouafia et al. [25] and 
Stan et al. [41] obtained green Fe3O4 nanoparticles with an avarege sizes of 19 nm 
and 8 nm using Atemesia leaves and lemon peels, respectively. 

Figure 4 shows the results of FTIR for purple onion peel (a) and purple peel 
iron oxide Fe3O4 (b). Specific peaks for the purple onion peels’were observed at 
1010 cm−1, 1310 cm−1, 2200 cm−1 and 2900 cm−1, and those for Fe3O4 were observed 
at 813 cm−1, 1110 cm−1, 2020 cm−1 and 2580 cm−1. Similar peaks to the two 
compounds were obtained at 1420 cm−1, 1620 cm−1, 2200 cm−1 and 3320 cm−1. The 
strips obtained 3320 cm−1 are attributed to the O-H stretching of the phenolic or 
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alcoholic groups of flavonoids [11] [42]. At 3320 cm−1, the band observed with 
Fe3O4 spectrum is broader than that with onion peels. This is explained by the 
interaction between onion peel extracts and iron solutions [42]. The Peaks obtained 
at 1620 cm−1 were assigned to C=O vibrations of aldehydes and ketones, revealing 
the phenolic acids and terpenoids [39]. In addition, the common peak at 1420 cm−1 
indicates the presence of aromatic compounds such as polysaccharides [34]. The 
peaks obtained at 2900 cm−1 and 1310 cm−1 on the yellow onion peels’ spectrum 
were associated to C-H bond of the methyl group and C-O of acidic groups, 
respectively [42] [43]. The observed peaks at 1010 cm−1 and 1110 cm−1, with purple 
onion peels and Fe3O4, respectively, are associated to the flavonoids’ aliphatic 
amine group [34]. Thus, flavones and flavonols could be involved in the reduction 
of iron ions and consequently in the formation of iron oxide (Fe3O4). Flores-Cano 
et al. [44] reported the range of 900 - 410 cm−1 as the Fe-O bonding characteristic 
region. Therefore, the peak obtained at 813 cm−1 with the iron oxide (Fe3O4) 
spectrum, indicates the presence of the Fe-O bond of Fe3O4. In this study, data 
obtained with FTIR corroborate those of XRD. 
 

 
Figure 3. XRD patterns of PPFeO. 

 

 
Figure 4. FTIR spectrum of purple onion peels (a) and PPFeO (Fe3O4) nanoparticles (b). 
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3.3. Adsorption of Phosphorus in Aqueous and Real Solutions 
3.3.1. Adsorption in Aqueous Solution 
Figure 5(a) shows that phosphate adsorption percentage decreased from 92% to 
66.2% when the initial concentration of phosphate increased from 10 mg/L to 100 
mg/L. The reduction of the phosphate adsorption is explained by the saturation of 
the adsorption sites of iron oxides Fe3O4. 

The amount of phosphate adsorbed increased with the increase in its equilibrium 
concentration (Figure 5(b)), indicating a good adsorption capacity of Fe3O4 towards 
phosphorus.  
 

 
Figure 5. Effect of initial concentration on phosphate adsorption (a) and adsorption isotherm of phosphate (b). 

 
Phosphate adsorption data were fitted using Langmuir and Freundlich non- 

linear models. The results are given by Figure 6 and summarize in Table 1. It has 
been observed that, the values of χ2 et SSE obtained with the Langmuir model (χ2 
= 4.29, SSE = 9.80) were higher than those of Freundlich (χ2 = 0.79, SSE = 5.99).  
 

 
Figure 6. Nonlinear Freundlich isotherm and nonlinear Langmuir isotherm for phosphoate 
adsorption. 
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Table 1. Parameters of langmiur and freundlich models. 

Models Parameters Values 

Langmuir 

Qmax (mg/g) 32.05 

KL 0.032 

R2 0.967 

χ2 4.29 

SSE 9.80 

Freundlich 

KF 1.90 

n 1.61 

R2 0.972 

χ2 0.79 

SSE 5.99 

KL and KF are the Langmuir and Freundlich constants, repectively. R2 is the coefficient of 
determination. 
 
It has been reported that, when the error is smaller, the model is better [15] [45]. 
Therefore, phosphate adsorption in aqueous solution by Fe3O4 was well described 
by the Freundlich model. These finding are in agreement with those of Fu et al. 
[32]. Indeed, these authors reported that phosphorus adsorption in aqueous 
solution by Fe3O4 synthesized under an N2 atmosphere was well described by 
Freundlich model. 

Table 2 indicates the maximum adsorption capacity (Qm) of phosphate obtained 
in this study and thoses from the literature. Data from the present study (32.05 
mg/g) was lower than those reported by Qingliang et al. [1], Han et al. [5], Li et al. 
[46], and Yan et al. [47]. On the contrary, our data was higher than those obtained 
by Cao et al. [48], Afridi et al. [4], and Funes et al. [33]. These low values compared 
to our data would be due to the nature of the biological material, and the nature of 
the solvent used to prepare the extract. Indeed, green Fe3O4 nanoparticles were 
synthesized by Cao et al. [48], and Afridi et al. [4] using eucalyptus leaf extract, and 
bovine serum albumin, respectively. 
 

Table 2. Comparison of adsorption capacities of different adsorbents for phosphate removal. 

Adsorbents Adsorption capacity Qmax (mg/g) References 

Fe3O4 synthesized with purple onion peels 32.05 Present study 

γ-Al2O3/Fe3O4 biochar 181.4 [1] 

Fe3O4 synthesized with bovine serum albumin 20.7 [4] 

Chitosan@Fe3O4 98 [5] 

Fe3O4@Chitosan 48.2 [32] 
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Continued 

Fe3O4 synthesized by solvothermal method 2.27 [33] 

MgO@Fe3O4@SiO2 223.6 [46] 

Fe3O4 @LDH (Layered double hydroxides) 36.9 [47] 

Fe3O4 synthesized with Eucalyptus leaf extract 18.7 [48] 

3.3.2. Adsorption in Real Solution 
In real solution (dam water), the adsorption percentage of phosphate varied 
between 32.89% and 50.13% (Table 3). The maximum adsorption percentage 
(50.13%) was obtained with Fe3O4 mass of 0.1 g. Therefore, green Fe3O4 may be 
proposed to remove phosphate from polluted dam water. Data obtained with the 
real solution were lower than those for the aqueous solution. This is due to the 
competition between phosphates and the other pollutants present in the dam 
water [45] [49]. 
 
Table 3. Dam water treatment. 

Mass (g) 
Before adsorption 

(mg/L) 
After adsorption 

(mg/L) 
Adsorption percentage 

(%) 

0.05 15.2 10.2 32.89 

0.1 15.2 7.58 50.13 

0.2 15.2 9.20 39.47 

0.4 15.2 9.20 39.47 

4. Conclusion 

The present work investigated the ability of green magnetite synthesized using 
onion peels extracts to remove phosphorus from polluted water. The results 
showed that green iron oxide mediated by purple onion peels extracts possesses 
higher antioxidant activity (5.89% to 24.89%), than iron oxide prepared with 
white onion peels extracts (1.84% to 18.01%), indicating higher stability for iron 
oxide synthesized with purple onion peels extracts. XRD data indicated the 
formation of magnetite (Fe3O4) nanoparticles with an average size of 15.81 nm. 
The surface of green Fe3O4 was covered by phytochemicals compounds present 
in the purple onion peels indicated by FTIR data. The results of adsorption 
experiments in aqueous media showed that the phosphorus initial concentration 
affected phosphate adsorption with a maximum adsorption percentage of 92% 
for initial concentration of 10 mol/L. The phosphate adsorption in aqueous 
solution by Fe3O4 was well described by the Freundlich model. With the dam 
water, the maximum adsorption percentage of phosphate was 50.13%. Therefore, 
green Fe3O4 is a good candidate to remove phosphorus from polluted dam 
water. 
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