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ABSTRACT: Heavy metal ions are demonstrated to have adverse 

effects on human health and animals which cause physical 

discomfort, life-threatening illness and irreversible damage to the 

vital body systems even at low concentrations. The conventional 

methods of treatment of heavy metal contamination include 

chemical precipitation, chemical oxidation, ion exchange etc. 

These methods are costly, energy-intensive and often associated 

with the generation of toxic byproducts. Thus, Adsorbent has been 

investigated as a cost-effective method for the removal of heavy 

metals from wastewater. In this study, MGO@SiO2Q 

nanocomposites functionalized with Quinine Q, was applied to 

remove Pb(II) and Ni(II)metal ions from contaminated water. For 

this purpose, the modified Hummers method was used for the 

synthesis of GO. The synthesized GO was magnetized and coated 

with 3-chloropropyltrimethoxysilane (CPTS) finally 

functionalized with Quinine. The results confirmed that GO 

synthesis processes, magnetization and functionalization were 

successfully performed. The result of MGO@SiO2-Q adsorption 

performance revealed that the adsorbent increases as both pH and 

contact time increase for both Pb(II) and Ni(II) respectively. The 

results in this study indicate that MGO@SiO2-Q can be 

considered a practical and effective adsorbent for heavy metal 

removal in contaminated water. 
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INTRODUCTION  

Heavy metal ions are demonstrated to have adverse effects on human health and animals which 

cause physical discomfort, life-threatening illness and irreversible damage to the vital body 

systems (Madadrang et al., 2012) even at low concentrations. The metal ions bioaccumulate in 

the aquatic environment and tend to be biomagnified along the food chain. There are 20 metals 

which are persistent and cannot be degraded or destroyed, those metals include; Mercury (Hg), 

Lead (Pb), Cadmium (Cd), Chromium Cr (VI), Zinc (Zn), Arsenic (As), Nickel (Ni), etc., 

which are toxic from ecotoxicological. For instance, exposure to lead could have toxicological 

effects on the central nervous system, hematopoietic, renal, gastrointestinal, cardiovascular, 

and reproductive systems (Gupta et al., 2011). Cadmium has been demonstrated to have 

detrimental effects on the kidneys, lungs, bones, heart and liver (Xi et al., 2015). Furthermore, 

chronic ingestion of arsenic, mercury, chromium and nickel is linked to dermatological, 

cardiorenal, gastrointestinal, nervous, DNA and respiratory problems (Chen et al., 2014; 

Cortés-Arriagada and Toro-labbé, 2016). Removal of heavy metals from wastewater has 

become an important environmental issue to be solved.  At present time, several technologies 

have been established for the treatment of heavy metals in wastewater including chemical 

precipitation (Espinoza et al., 2012), extraction, electrochemical treatment, membrane 

separation (Rajkumar and Palanivelu, 2004), bio-removal and catalytic reduction method (Fu 

and Wang, 2011; Wu et al., 2010; Nanseu-Njikiet al., 2009; Lertlapwasinet al., 2010; Cai et 

al., 2017). Adsorption is considered to be superior to other techniques due to its good 

selectivity, high capacity and efficiency, high surface area of adsorbent and low cost (Chen et 

al., 2018; Demiral and Güngör, 2016). Graphene Oxide (GO) as a graphene derivative displays 

excellent physical-chemical adsorption ability due to the existence of a great quantity of 

hydroxyl, epoxy, carboxyl and oxygen polar groups on both sides of plane and edges (Lian et 

al., 2010). Magnetic graphene oxide (MGO) is graphene oxide attached to magnetic iron oxide 

nanoparticles (MNPS) which have been attracted due to their super-paramagnetism, high field 

irreversibility and high saturation field (Kodama, 1999). Recently, the combination of GO with 

nanoparticles, forming a graphene-nanoparticle hybrid structure, has been shown to offer many 

additional unique physiochemical properties that are markedly advantageous for wastewater 

treatment. Magnetic iron oxide nanoparticle decorated GO has been synthesized by several 

groups for removing hazardous materials (Zhang et al., 2013). 

pH plays an important role in heavy metal adsorption as it affects surface charge, metal ion 

speciation, complexation, and binding sites of the sorbent (Ihsanullah et al., 2016; Zhao et 

al.,2011). pH is considered to be the most important parameter that controls the adsorption of 

heavy metal ions (Ahmad et al., 2016). Contact time is an important parameter which affects 

the adsorption of heavy metal ions. Generally, the removal of metal ions increases with an 

increase in contact time until the equilibrium is achieved. Once the equilibrium is reached, no 

significant further uptake of metal ions occurs (Zhang et al., 2016). 
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MATERIAL AND METHODS 

Materials 

Graphite powder will be obtained from Fluka Chemicals (Shanghai, China). All other 

chemicals such as FeCl3. 6H2O, FeCl2. 4H2O, KMnO4, KNO3 (65%), H2SO4 (97%), 5 M HCl, 

H2O2 (30%), sodium acetate (NaAc), conc. HCl, NaOH and ammonia used in this work will be 

obtained from Shanghai Chemical Reagent Corporation (PR China). All the reagents were 

analytical grade. 

Methods 

Synthesis of graphene oxide (GO) 

Graphene oxide (GO) was synthesized according to the modified Hummers’s method 

(Hummers and Offeman, 1958). Graphite powdered was prepared with the aid of a pestle and 

mortar dried at 80 0C in an oven and then sieved through a 71 μm sieve. Two grams (2g) of the 

graphite powder was mixed in a solution containing 30 cm3 of H2SO4 (97%) and 20 cm3 of 

HNO3 (65%). The mixture was then stirred for 24 h using a mechanical stirrer. Gradually, 3g 

of KMnO4 was added in a small portion into the mixture and stirred at 50 0C for 20 h. The 

resulting mixture was allowed to cool and the oxidation was quenched by transferring the 

mixture over ice (300 g), followed by a step-wise addition of 3 cm3 of H2O2 (30%) until the 

solution turned yellow. The resulting yellow solution was diluted with 800 cm3 of distilled 

water and allowed to precipitate overnight at ambient temperature (Pirveysian and Ghiaci, 

2018; Hassan et al., 2020). 

Synthesis of Magnetic Graphene oxide (MGO) 

About 13.32 g FeCl3.6H2O, 19.88 g FeCl2.4H2O, 5 cm3 of 5 M HCl, 40 cm3milliQ water and 

5 cm3 of ethanol were mixed in a 100 cm3 flask and refluxed at 400C until complete dissolution 

of the salts. Then, 2 g of GO was dispersed in 60 cm3 of this solution and stirred for 2 h at room 

temperature. The resulting suspension was then filtered and quickly washed with milliQwater 

on the filter paper. The filtrate was immediately transferred into 40 cm3 of 1M ammonia 

solution. The resulting mixture was stirred for 2 h at room temperature. The prepared MGO 

was collected by using an external magnet placed on the wall of the beaker thoroughly washed 

with Milli-Q water and dried under a vacuum (Hassan et al., 2020). 

Synthesis of Silica Coated MgO (MgO@SiO2Cl) 

Preparation of MGO@SiO2Cl was achieved by dissolving 10 g of GO in 100 mL toluene. Then 

10 mL of 3-chloropropyltrimethoxysilane (CPTS) was added to the mixture, reflux for 3h and 

conditioned under vacuum to obtain MGO@SiO2Cl (Hassan et al., 2020).  

Synthesis of Quinine Functionalized Silica Coated Magnetic Graphene Oxide 

(MgO@SiO2-Q) 

To prepare MGO@SiO2-Q, 10 g of MGO@SiO2Cl was added to 25 mL quinine and the 

solution was refluxed for 3h. The product (MGO@SiO2-Q) was separated from the solution 

with an external magnet, washed with n-hexane and conditioned under vacuum. 
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Instrumentation 

The synthesized MGO@SiO2-Q was characterized using Fourier transform infrared 

spectrometry (FTIR) and field emission-scanning electron microscopy (FESEM). A TM 400 

FTIR spectrometer from PerkinElmer (Wal- tham, MA, USA) was used for FT-IR 

measurements using the KBr pellet technique. All spectra were recorded in transmission mode 

from 400 cm-1 to 4000 cm-1   

Optimization of Quinine Functionalized Silica Coated Magnetic Graphene Oxide 

(MGO@SiO2-Q) 

Adsorption experiments of heavy metal ions onto the synthesized MGO@SiO2-Q adsorbent 

were conducted using the batch method. By varying the pH and contact time of the metal ions. 

The concentration of heavy metal ions would be determined using AAS. The adsorption 

capacity of the composite adsorbent would be calculated using Eq. 1  

qe = 
(𝐶𝑜−𝐶𝑒)𝑉

𝑤
 …………………………………………………………………. (equation 1) 

Where;  

qe is the adsorption capacity after adsorption in (mg/g), V is the volume of solution (mL), w is 

the mass of adsorbent (g), Co is the initial concentration of metal ion before adsorption (mg/L) 

and Ce (mg/L) final concentration of the metal ions after adsorption. 

The percentage removal (% R) of the metal ions will be calculated using Eq 2. 

(% R) =
(𝐶𝑜−𝐶𝑒)

𝐶𝑜
𝑥100………………………………………………………. (equation 2) 

Where; 

 Co is the initial concentration of the metal ions (mg/L) and Ce is the final concentration of the 

metal ions (mg/L) (residual concentration in aqueous sample). 

The effective parameters such as solution pH, contact time, adsorbent dosage and concentration 

effect on the adsorption of heavy metals onto MGO@SiO2-Q were studied. 

pH 

Different studies have shown that pH can play an important role in the removal of heavy metals 

in aqueous solution. To study the effect of pH, another parameter was kept constant while the 

pH level was varied from 1-6. The pH of the solution was adjusted carefully by the addition of 

0.1ml HCl/NaOH solution using a pH meter until the best pH was established. The 

concentration of heavy metal ions in solutions at each pH level was measured before and after 

adsorption using AAS. The percentage removal at each pH was calculated using Eq. (2) 

(Pirveysian and Ghiaci, 2018; Hassan et al., 2020). 
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CONTACT TIME 

It is clear that the adsorption experiment is time-dependent. Therefore, to study the effect of 

contact time, another parameter was kept constant while the contact time was varied from 15-

35 min. To achieve this a fixed amount of the adsorbent (MGO@SiO2-Q) was placed in several 

conical flasks containing the same amount of effluent and the mixtures were shaken within the 

range of 15–35 min contact time. The concentration of metal ions in solutions at different 

intervals was analysed before and after adsorption using AAS to establish the optimum 

adsorption time. The percentage removal was calculated using Eq. (2) (Pirveysian and Ghiaci, 

2018; Hassan et al.,2020). 

 

RESULT AND DISCUSSION 

Characterisation 

FTIR spectra were used to confirm the formation of oxidation and grafting functionalized 

groups on GO. The FTIR spectrum of GO is compared with MGO, MGO@SiO2Cl and 

MGO@SiO2-Q as shown in Fig 4.1. GO IR peak (Fig. 1.1a) appearing at 3300 cm-1 assigned 

to O-H stretching vibrations (Qin et al., 2014). The IR spectra of GO, as the starting material 

shows similarity with the IR spectra of MGO (Fig. 1.1b), but the appearance of IR peak at 601 

cm-1 assigned to Fe-O bending vibrations indicates magnetic nanoparticles (Fe3O4) on MGO 

(Cao et al., 2015). However, the appearance of IR peaks at 1100 cm-1 (Si-O stretching) in (Fig. 

1.1c), suggested successful grafting of SiO2Cl onto MGO, thus forming MGOSiO2Cl. 

Furthermore, other new peaks appeared at 1600 cm-1(N-H, bending vibrations) (Kamboh and 

Yilmaz, 2013; Ahmad et al., 2017; Gode and Pehlivan, 2007), 2300 cm-1 and 2700 cm-1(C=N 

and O-H) in (Fig. 1.1d) after the grafting quinine onto MGOSiO2Cl (Gubbuk, 2011; Radi et 

al., 2019), which suggested successful synthesis of the adsorbent (MGO@SiO2-Q). 

 

Fig 1: FTIR spectra of (a) GO (b) MGO (c) MGO@SiO2Cl (d) MGO@SiO2-Q. 
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FESEM images for the morphologies of GO, MGO, MGO@SiO2Cl and MGO@SiO2-Q are 

shown in Fig. 2 Open GO sheet layers were observed in (Fig. 2a), while in (Fig. 2b), Fe3O4 

nanoparticles slightly filled and covered the GO sheets and in between GO layers.  In (Fig. 2c), 

the MGO is seen coated with gel-like material; presumably, SiO2Cl, while (Fig. 2d) showed a 

different morphology compared to Fig. 2c, with breakage and small deposits of materials 

presumably quinine on the surface of MGO@SiO2Cl, suggesting successful synthesis of 

MGO@SiO2-Q

Fig. 2: FESEM Images of (a) GO (b) MGO (c) MGO@SiO2Cl (d) MGO@SiO2-Q. Mag: 

3.00K 

 

Optimization studies 

Effect of pH 

The effect of pH on the adsorption of Pb (II) and Ni (II)onto MGO@SiO2-Q is presented in 

Fig. 3. In an acidic solution, the amino functional groups on MGO@SiO2-Q are effectively 

protonated to (NH3+), which repels metal ions. Thus, the removal efficiency of MGO@SiO2-

Q for the metal ions decreases significantly at lower pH values. Furthermore, Increasing the 

pH value reduces the competition between H+ and the metal ions for binding on the oxygenated 

active sites (COOH and OH) of the adsorbent (Fialova et al., 2014). Fig. 3. shows an increased 

removal percentage of Pb (II) and Ni (II)  at higher pH values (Xu et al., 2008b) but Pb (II) 

precipitates in the form of oxide (Pb(OH)2) at pH 7 (Espinoza et al., 2012), while Ni (II) 

visually forms nickel hydroxide (Ni(OH)2) at pH 9. However, thermodynamically the Ni (OH)2 
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starts forming at pH 7.6. Therefore, to avoid potential precipitation of the metal ions, pH 6.0 

was selected as the optimum pH for Pb (II) and Ni(II) for further studies (Kumar et al., 2014). 

 

 

 

 

 

 

 

Figure 3: 

Effect of 

pH on 

adsorption of Pb(II) and Ni(II) onto MGO@SiO2-Q. 50 mg/L initial concentrations of Pb(II) 

and Ni(II)  in 50 mL aqueous solution, 20 mg adsorbent. 15 min. contact time at ambient 

temperature. 

Effect of Contact Time 

The effect of the contact time on the adsorption of Pb (II) and Ni (II)onto MGO@SiO2-Q is 

presented in Fig. 4. The adsorption equilibrium for the metal ions was attained at 30 min.  

Furthermore, it can be observed that the removal rate of the metal ions was rapid within the 

first 15 min., reaching up to 45 and 40% Pb(II) and Ni(II) respectively, then increased slowly 

until equilibrium was attained for the respective metal ions. The initial fast adsorption of the 

metal ions was due to the higher number of active sites on the surface of the adsorbent available 

for interaction with the cations. When the contact time was increased further, the available 

active sites gradually reduced and the attractive force weakened, resulting in the slow 

adsorption rate (Liu et al., 2015). Wang et al., (2013) and Wu et al., (2013), also reported 

similar findings of fast adsorption of metal ions within the first few minutes of contact. 
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Figure 4. Effect of contact time on adsorption of Pb(II) and Ni(II) onto MGO@SiO2-Q. 50 

mg/L initial concentrations of Pb(II) and Ni(II)  in 50 mL aqueous solution, pH 6, 20 mg 

adsorbent at ambient temperature. 

 

CONCLUSION  

From the findings of this research it was observed that at optimum conditions, the adsorbent 

showed excellent adsorption capacity of Pb(II) and Ni (II) in an aqueous environment, also the 

adsorption process of the metal ions is affected by pH and contact time since the adsorption of 

the metal ions increases as the pH and contact time increases. The synthesized adsorbent is 

practical and efficient for the treatment of Pb(II)and Ni(II) contaminated water. Thus, 

MGOSiO2Q can serve as a sustainable means of Pb(II) and Ni(II) decontamination in aquatic 

environments. 
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