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Abstract 

In this study, a graphene oxide-choline chloride adsorbent was used as a highly efficient and 

environmentally friendly material for removing phosphate ions from aqueous samples. Graphene 

oxide was synthesized using the Hummers method and then modified with choline chloride to 

create the graphene oxide-choline chloride adsorbent. The synthesized adsorbent was 

characterized using Fourier transform infrared spectrophotometry (FT-IR), Field Effect Scanning 

Electron Microscopy (FESEM), and Energy-dispersive X-ray spectroscopy (EDX). It was then 

applied to remove phosphate ions at different pH levels and stirring times. The results of this 

study showed that the maximum removal efficiency of phosphate ions was achieved at pH 5, 

with an adsorbent amount of 0.015 g and a stirring time of 30 minutes. Furthermore, it was 

observed that the adsorption of phosphate ions on the adsorbent surface followed the Langmuir 

isotherm (monolayer adsorption), with a maximum adsorption capacity of 217.4 mg/g. The 

examination of absorption kinetics also revealed that the absorption of phosphate ions followed 

pseudo-second-order kinetics, and an increase in temperature favored the progress of the 

reaction. 
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Introduction 

Environmental pollution is a result of technological advancements and improper management of 

resources. Water pollution is caused by various chemicals, including heavy metals, perchlorates, 

volatile organic compounds, petroleum hydrocarbons, pesticides, pharmaceutical drugs, and 
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waste products from industries and disinfectants (Isiuku and Enyoh, 2020). Nitrates and 

phosphates, originating from fertilizers, organic manures, and human and animal waste, are 

major contaminants in water bodies. Chlorides, nitrates, and phosphates are essential anions 

required for plant growth and are obtained from soil by plants and consumed by humans through 

diets (Isiuku and Enyoh, 2020). Phosphorus (P) is crucial for the growth and development of 

organisms and can enter wastewater through sources such as agriculture, pharmaceuticals, paints, 

and detergents. Phosphate exists in aqueous solutions as orthophosphate and polyphosphate 

forms (John et al., 2018).  

Conventional phosphorus removal technologies, like chemical precipitation and enhanced 

biological phosphorus removal (EBPR), face challenges in meeting increasingly strict 

phosphorus regulations, particularly for very low phosphorus concentrations below 0.1 mg P/L 

(Oehmen et al., 2007). Sorption has emerged as a feasible solution for meeting these stringent 

standards, and several sorbents have been used for phosphate removal (John et al., 2018).  

Although progress has been made, further efforts are still required. 

In this context, the efficacy of red soil (RS) as an adsorbent for phosphate removal from 

synthetic and real domestic wastewater was examined. The adsorption of phosphate by RS was 

found to follow both the Langmuir and Freundlich isotherms. The pseudo-second-order reaction 

kinetics indicated that both the concentration of the adsorbate and the adsorbent influenced the 

rate of phosphate adsorption by RS. The intra-particle diffusion model suggested a diffusional 

nature of the adsorption process, governed by film diffusion and pore diffusion. The results 

suggest that RS can be a highly favorable and spontaneous low-cost natural adsorbent for 

phosphate removal from wastewater (Zheng et al., 2020)(Rout et al., 2015). 

Graphene oxide has a distinct history that can be understood independently of graphene. Various 

strong chemical oxidants have been used to synthesize graphene oxide from flake graphite, but 

its amorphous and complex composition has made understanding its chemical structure an 

ongoing challenge (Hou et al., 2020). Reduction of graphene oxide to graphene-like materials is 

a significant chemical transformation that can be achieved chemically, thermally, or 

electrochemically. The resulting product closely resembles pristine graphene and has shown 

potential in various physical and engineering applications. Additionally, graphene oxide serves 

as a useful platform for the fabrication of functionalized graphene platelets, which can enhance 

mechanical, thermal, and electronic properties. Small molecules and polymers have been 

covalently or non-covalently attached to graphene oxide for applications such as polymer 

composites, paper-like materials, sensors, photovoltaics, drug delivery systems, and adsorption 

(Asgharzadeh and Eslami, 2019, Verma and Nadagouda, 2021). 

In this study, graphene oxide-choline chloride was used for the removal of phosphate ions from 

deionized water and wastewater, with a focus on optimizing the adsorption parameters. 

 

Materials and methods 

Sodium hypophosphite (Na2HPO3), choline chloride, graphite, hydrogen peroxide (H2O2), 

sodium nitrate (NaNO3), potassium permanganate (KMnO4), nitric acid (HNO3), and sulfuric 

acid (H2SO4) were purchased from Merck and used for subsequent synthesis and processes. 
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Graphene oxide synthesis 

One gram of graphite powder was mixed with 23 milliliters of H2SO4 at 5°C for 30 minutes. 

Then, 0.5 grams of NaNO3 were added to the aforementioned mixture and mixed for 30 minutes 

at a temperature of 15-20°C while stirring. Next, 3 grams of KMnO4 were added to the mixture 

and stirred for 90 minutes. The temperature was then raised to 35°C, and the mixture was further 

mixed for 120 minutes. Afterward, 100 milliliters of deionized water were added, followed by 

the sudden addition of 5 milliliters of H2O2. The final product was washed with deionized water 

multiple times until the pH of the solution reached approximately 3-4. Finally, it was dried at 

60°C for 10 hours (Zhu et al., 2010, Brisebois and Siaj, 2020, Sun, 2019). 

 

Graphene oxide-choline chloride synthesis 

First, 0.5 grams of graphene oxide were sonicated with 100 milliliters of deionized water for 1 

hour. Then, 0.2 grams of choline chloride were added to the mixture while sonication continued 

for 20 minutes, followed by additional mixing for 5 hours. Finally, the Graphene oxide-choline 

chloride adsorbent was washed with deionized water three times and dried at 60°C for 10 

minutes (Huang et al., 2015, Lim et al., 2020, Marcano et al., 2010).  

A Nicolet 100 Fourier transform infrared (FTIR) spectrometer was used to collect the FT-IR 

spectroscopic data, which covered the wavelength range of 400–4000 cm
-1

. To evaluate the 

morphology of the materials was the scanning electron microscope (SEM) TESCAN VEGAII 

(Czech Republic). UV-visible spectroscopy was also carried out by UNICO instrument.  

Results and discussion 

The IR spectra of graphene oxide and Graphene oxide-choline chloride were collected (Figure 

1). Accordingly, the peaks at 1050 cm
-1

, 1220 cm
-1

, 1650 cm
-1

, 1730 cm
-1

 and 3500 cm
-1

 

correspond to vibrational stretching of C-O, epoxy group, C=C. C=O and O-H, respectively, 

proving the accuracy of synthesis of graphene oxide (Emily, 2016). On the other hand, 

compositing of graphene oxide with choline chloride led to declining the intensity of graphene 

oxide functional groups, illustrating the formation of Graphene oxide-choline chloride. 
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Figure 1 IR spectra of graphene oxide and Graphene oxide-choline chloride 

The SEM images of graphene oxide and graphene oxide-choline chloride are shown in (Figure 

2). As can be observed, compositing of graphene oxide with choline chloride resulted in 

wrinkling in graphene oxide sheets which may indicate further interaction of graphene oxide 

sheets. 

 

  

 

 

Figure 2 SEM images of graphene oxide and graphene oxide-choline chloride 
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Moreover, EDAX elemental analysis was also carried out to assess the main elements of 

graphene oxide-choline chloride, exhibiting peaks related to phosphorus and nitrogen (located at 

2.03 and 0.39 eV, respectively). Furthermore, peaks of carbon and oxygen were also observed 

(i.e., peaks of C and O at 0.28 and 0.52 keV, respectively), indicating the accurate synthesis of 

the final composite. Please refer to Figure 3 for more details.  

 

Figure 3 EDAX of graphene oxide-choline chloride 

 

Optimization of parameters 

Effect of pH 

The pH of solution is a significant factor that affects performance of adsorption. The surface 

charge of the adsorbent and adsorbate is highly dependent on the pH of the solution. This implies 

that the deprotonation (or protonation) of an analyte must be considered. The pH can change the 

ionization degree, the adsorbent surface charge, and the molecular structures of the adsorbate. 

Therefore, the solution pH determines the type of interaction between the adsorbent and 

adsorbate through the ionization of species in the solution. Phosphate anion exists in various 

forms under different pH conditions. In this study, pH of solution was assessed in the range of 2-

10, and the highest efficiency was observed at pH 5. The adsorption vs. pH curve was plotted, as 

shown in Figure 4. In acidic pH, H2PO4
-
 is the dominant group that can interact with the 

positively charged adsorbent.  In basic pH, OH
-
 anions are competed with the HPO4

2-
, leading to 

a decrease in phosphate ion removal. Therefore, pH of 5 was selected as the optimum pH with 

the electrostatic attraction during adsorption process.  
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Figure 4 Effect of pH on adsorption efficiency 

 

Adsorption dosage 

The adsorbent dosage also affects the adsorption behavior. Generally, increasing the adsorbent 

dosage leads to an increase the adsorption because more active sites will be accessible for the 

adsorbate. However, higher dosages may cause adsorbent agglomeration and result in the lose of  

active sorption sites. As shown in Figure 5, increasing adsorption dosage up to 0.015 g results in 

an increase of adsorption efficiency up to 80% (i.e.50 mg/L). However, further increasing the 

dosage of adsorption has no significant effect on adsorption efficiency. Therefore, 0.015 g was 

selected as the optimal amount.  

 

Figure 5 Effect of adsorbent dosage on adsorption efficiency 

 

Contact time 

Increasing the contact time can have both negative and positive effects on the adsorptive removal 

of the adsorbate. The contact between adsorbate and adsorbent is crucial for effective adsorption, 

as it allows the active sites to interact with the adsorbate. However, when the equilibrium 

0

10

20

30

40

50

60

70

80

90

2 3 4 5 6 7 8 9 10 11

R
em

o
va

l p
er

ce
n

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30 35

R
em

o
va

l p
er

ce



….Jun 2024 Journal of Kufa for Chemical Sciences Vol. (3)No.(2) ………………..……….…… 
 

 

 453 

 

 

between the sorption sites and anions is established, additional reaction time does not 

significantly affect adsorption. This is because the sorption sites become saturated during contact 

time, and no more unoccupied space is available for additional adsorbate. The optimum contact 

time for phosphate removal is shown in Figure 6. In this case, graphene oxide-choline chloride 

was able to remove the maximum amount of phosphate anion within just 30 minutes.  

 

Figure 6 Effect of contact time (min) on adsorption efficiency 

 

Adsorption isotherms 

To analyze experimental data from the adsorption process, the distribution of the anions between 

the aqueous solution and adsorbent at the adjusted temperature is examined to discuss the 

equilibrium of adsorption. In this regards, some well-known adsorption isotherm equations, 

including Freundlich, Langmuir, and Temkin will be introduced. Firstly, we present the non-

linear form of the Langmuir isotherm as eq. (1): 

    ⁄        ⁄        ⁄          eq. (1) 

where qe (mg/g) represents the equilibrium adsorption capacity and qm (mg/g) is the maximum 

adsorption capacity. KL (L/mg) denotes the model’s constant (Sparks, 2017). 

An empirical model for surface heterogeneity and an exponential distribution of energy and 

sorption sites of the adsorbent is represented by the Freundlich isotherm (Arab et al., 2021). The 

Freundlich isotherm as a reversible adsorption model is not limited to monolayer formation, It 

can be described by Eq. (2): 

logqe= log KF +
 

 
 log Ce  Eq. (2) 

where KF (mg/g) and n are described Freundlich constant. The value of n illustrated that the 

adsorption is favorable and placed in the range of 1 to 10. 

The adsorption heat between anions and adsorbent is determined by the Temkin isotherm 

(Yildirim, 2006). Temkin isotherm assumes an interaction between anions and adsorbent, and it 

can be presented as Eq (3). 
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 ⁄            Eq (3) 

  
 ⁄    

Where R is the gas’s universal constant (i.e., 8.314 J/mol. K), T (K) is the temperature, bT 

(J/mol) points to the adsorption heat constant of Temkin and KT is the Temkin isotherm 

equilibrium binding constant (L/g). 

According to the results, the R
2
 value of the Langmuir isotherm for phosphate ions was 

approximately 0.9906, as shown in Figure 7. This indicates that the Langmuir provided a better fit 

for the adsorption data, suggesting monolayer uniform adsorption of phosphate onto Graphene 

oxide-choline chloride without significant interaction between the anions. In comparison, the 

correlation coefficients of the other two models, namely Freundlich (0.9736) and Temkin 

(0.9566), were relatively lower than the Langmuir value; as depicted in  Figure 8 and Figure 9. 

 

Figure 7 Langmuir isotherm of adsorption 

 

 

Figure 8 Freundlich isotherm of adsorption 
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Figure 9 Temkin isotherm of adsorption 

 

Notably, the E value in Temkin isotherm was founded to be lower than 8 (kj.mol
-1

), indicating 

that the adsorption of phosphate was of a physical nature on the surface of the adsorbent.  

Adsorption kinetics 

Kinetic parameters are primarily considered to determine the adsorption efficiency as rapid 

kinetics is highly significant in aqueous phase adsorption. To assess the kinetic parameters of 

Graphene oxide-choline chloride, the obtained experimental data were fitted with two commonly 

used kinetic models: pseudo-first-order and pseudo-second-order kinetic models (Revellame et 

al., 2020, Christmann, 2013). The pseudo-first-order kinetic model can be represented by Eq. (4): 

Log (qe-qt) = log qe - 
  

     
t  in Eq. (4) 

Herein, qe adsorption capacity in equilibrium, qt adsorption capacity at time of t in mg/g and k1 is 

rate constant of first-order kinetic model (min
-1

). 

The sorption kinetics also was described by the pseudo-second-order model, presented by Eq (5): 

 

  
 = 

 

      + 
 

  
     in Eq. (5) 

Where k2 is pseudo-second-order model constant (g/mg.min).  

Based on results, the R
2
 value of pseudo-second-order model for phosphate ions was found to be 

greater than 0.99 indicating a better fit of the experiments data to this model.  The value of R
2
 for 

the pseudo-second-order (R
2
> 0.9941) is closer to 1.0 compared to that of the pseudo-first-order 

model. This demonstrates the suitability of the pseudo-second-order model to describe the rate of 

adsorption, suggesting that chemisorption may be the rate-limiting step. Consequently, 

electrostatic attraction interaction plays a significant role in the adsorption process as the subset 

of the chemisorption category. 
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Adsorption thermodynamic  

Thermodynamic parameters, including Gibbs Free Energy ΔG°, standard entropy ΔS°, and 

standard enthalpy ΔH°, are calculated using equations 6, 7 and 8, all of which have been 

described in detail elsewhere (Chen et al., 2015, Sparks, 2003, Christmann, 2013): 

Ln Kd = + 
   

 
 - 

   

  
  Eq. (6) 

   
       

  
  

 

 
     Eq. (7) 

   =   -      Eq. (8) 

 

where Kd points to the distribution coefficient of the adsorption, R and T are the universal gas 

constant [8.314 J/(mol·K)] and the temperature (K), respectively. Results of tests showed that at 

25, 45 and 60 °C, ΔG° values were negative, indicating that the adsorption reaction is 

thermodynamically spontaneous, see Table 1. Therefore, increasing the temperature can favor of 

the reaction.  

Table 1 Thermodynamic parameters value for the wastewater samples. 

Analyte 
Co 

(mg L
-1

) 

ΔH˚ 

(kJmol
-1

) 

ΔS˚ 

(Jmol
-1

K
-1

) 

ΔG˚, 

298.15 K 

(kJmol
-1

) 

ΔG˚ 

(318.15) 

(kJmol
-1

) 

ΔG˚ 

(333.15) 

(kJmol
-1

) 

  

50 

 

-1.781 18.3 -7.23 -7.60 -7.88 

 

Lake water and wastewater were examined to further assess the efficiency of the present method. 

Since the initial level of phosphate in the lake water in lower that expected, 50 mg/L of 

phosphate was added to the water to simulate higher levels, and then the adsorption process was 

carried out. The final efficiency was found to be more than 70%, which is favorable compared 

with phosphate removal in deionized water.  

Conclusions 

In conclusion, a composite, consist of graphene oxide and choline chloride was successfully 

prepared for removal of phosphate ions from deionized water and wastewater. The adsorption 

behaver of phosphate ions was well described by the Langmuir isotherm, including monolayer 

adsorption, with a maximum adsorption capacity of 217.4 mg/g. The absorption kinetics 

followed the pseudo-second-order kinetics model, suggesting that the chemosorption may be the 

rate-limiting step. Moreover, increasing the temperature was found to be favorable for the 

progress of the adsorption reaction. The optimum conditions for maximum efficiency were 

determined as pH 5, an adsorbent dosage of 0.015 g and a stirring time of 30 minutes. These 
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findings demonstrate the potential of the composite material for efficient phosphate removal in 

water treatment applications.  
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 خلاصت

عبنٛت انكفبءة ٔصذٚقت نهبٛئت لإصانت إَٔٚبث  كهٕسٚذ انكٕنٍٛ كًبدة يًخضة -فٙ ْزِ انذساست ، حى اسخخذاو يبدة أكسٛذ اندشافٍٛ 

ثى حى حعذٚهّ ببسخخذاو كهٕسٚذ انكٕنٍٛ  Hummersانفٕسفبث يٍ انعُٛبث انًبئٛت. حى حصُٛع أكسٛذ اندشافٍٛ ببسخخذاو طشٚقت 

نضٕئٙ فٕسّٚٛ ببسخخذاو يقٛبط انطٛف ا ةكهٕسٚذ انكٕنٍٛ. حى حًٛٛض انًشكبت انًًخض -يٍ أكسٛذ اندشافٍٛ  لإَشبء يبدة يًخضة

 .يطٛبفٛت حشخج انطبقت ببلأشعت انسُٛٛت ، ٔ FESEMالإنكخشَٔٙ يدٓش اَبعبد انًدبل، ٔ FT-IRنخحٕٚم الأشعت ححج انحًشاء

 . EDX  َخبئح ْزِ  . أٔضحجانشجانٓٛذسٔخُٛٙ ٔأٔقبث ثى حى حطبٛقّ لإصانت إَٔٚبث انفٕسفبث عُذ يسخٕٚبث يخخهفت يٍ الأط

دقٛقت. علأة  30 انشجخى ٔٔقج  0.015، بكًٛت  5انذساست ححقٛق أقصٗ كفبءة فٙ إصانت إَٔٚبث انفٕسفبث عُذ دسخت حًٕضت 

، يع  ايخضاص أحبد٘ انطبقت(  Langmuir (ًَٕرجٚخبع انفٕسفبث عهٗ سطح انًًخضاث  إَٔٚبثايخضاص أٌ عهٗ رنك ، نٕحع 

إَٔٚبث انفٕسفبث ٚخبع انحشكٛت يٍ ايخضاص أٌ  يخضاصدى / خى. كًب أظٓش فحص حشكٛت الاي 217.4قصٕٖ حبهغ ايخضاص قذسة 

 ، ٔأٌ انضٚبدة فٙ دسخت انحشاسة سبعذث عهٗ حقذو انخفبعم.انضائفت انذسخت انثبَٛت 


