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Abstract 

In this study, the new lanthanum sulfide nanoparticle (La2S3) was synthesized and incorporated 

onto magnetic graphene oxide (MGO) sheets surface to produce potential adsorbent 

(MGO@LaS) for efficient removal of lead ions (Pb2+) from wastewater. The synthesized 

MGO@LaS adsorbent was characterized using Fourier transform infrared spectroscopy, field 

emission scanning electron microscopy and energy-dispersive X-ray spectroscopy. The effective 

parameters on the adsorption process including solution pH (~5), adsorbent dosage (20 mg), 

contact time (40 min), initial Pb2+ concentration and temperature were studied. The removal 

effeciency was obtained > 95 % for lead ions at pH 5 with 20 mg adsorbent. To validate the 

adsorption rate and mechanism, the kinetic and thermodynamic models were studied based on 

experimental data. The Langmuir isotherm model was best fitted to initial equilibrium 

concentration with a maximum adsorption capacity of 123.46 mg/g. This indicated a monolayer 

adsorption pattern for Pb2+ ions over MGO@LaS. The pseudo-second-order as the kinetic model 

was best fitted to describe the adsorption rate due to high R2 > 0.999 as compared first-order. A 

thermodynamic model suggested a chemisorption and physisorption adsorption mechanism for 

Pb2+ ions uptake into MGO@LaS at different temperatures; ΔG° < –5.99 kJ mol–1 at 20 °C and 

ΔG° -18.2 kJ mol–1 at 45 °C. The obtained results showed that the novel nanocomposite 

(MGO@LaS) can be used as an alternative adsorbent in wastewater treatment. 

 

Keywords: lanthanum sulfide nanoparticles, magnetic graphene oxide, lead ions removal, 

adsorption equilibrium, and adsorption kinetic. 

 

1. Introduction  

In the past few decades, heavy metals have become one of the biggest challenges to the aquatic 

environment (Gabris et al., 2018; Madhavan et al., 2019; Tan et al., 2020). Long exposure to 

heavy metal ions can cause neurodegenerative disorders, liver and kidney failure, and cancer in 

mammals (Fu and Xi, 2020; Paithankar et al., 2021). Lead (Pb2+) ions are one of the main heavy 

metal ions that are most harmful, toxic, and carcinogenic as well as are responsible for various 
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antagonistic effects on tissues, and living beings (Anyakora, 2010; Rashidi Nodeh et al., 2020b; 

Yu et al., 2021). In this regard, the EPA guideline adjusted the maximum residual limit level for 

lead ions less than 50 µg/L in wastewater and 10 µg/L in drinking water (Arbabi et al., 2015). 

Hence, the remediation of lead ions from the environmental water before discharge into the 

environment is an important task. 

In the past few decades, different techniques have been applied for organic toxic species and 

inorganic heavy metal ions removal from aqueous media including bioremediation, 

photocatalytic, membrane, polymers, electro-coagulation, oxidative degradation and adsorption 

(Chai et al., 2021; Kamboh et al., 2021; Leong and Chang, 2020; Senthil et al., 2018). Among 

these, adsorption is a remarkable technique for the removal of lead ions from water samples, 

which is environmentally friendly, simple operation, ease of recovery, low cost, quickly 

effective, easy, environmentally friendly and does not produce secondary pollutants in water 

(Wan Ibrahim et al., 2016). In the adsorption technique, the adsorbent is a core factor that 

directly affects the adsorption capacity, selectivity, and removal efficiency (Wu et al., 2020). 

Hence, researchers employed various adsorbents for heavy metal ions removal including, 

carbon-based material, agriculture biomass, zeolite, silica, metal-organic-framework, polymeric 

beads, biopolymers (Chakraborty et al., 2020; Duan et al., 2020). Recently newly developed 

carbon-based material (activated carbon, MWCNTs and graphene) is widely used for the 

removal of heavy metal ions and lead ions due to its high chemical stability, high surface area, 

and various oxygenated functional groups (Naik et al., 2021; Rajivgandhi et al., 2021; Zhang et 

al., 2020). In addition, graphene is a two-dimensional material that both sides of flake sheets are 

available for the adsorption process (Muthusaravanan et al., 2021). However, further 

modification of graphene oxide is needed to increase the adsorptive affinity toward lead ions 

with high adsorption capacity (Jun et al., 2019; Lai et al., 2020).  

 According to the literature, metallic cation-anion nanoparticles are considered as the potential 

adsorbent material for the adsorption of lead ions from water via electrostatic and electron 

sharing mechanisms (Golkhah et al., 2017; Zhao et al., 2019). In particular, the sulfide anions 

(S2-) rich bimetallic materials are superior and flexible materials in adsorption/removal 

approaches (Prabhu et al., 2019; Theerthagiri et al., 2017). Since, the presence of sulfide over 

adsorbent material can create hydrogen bonding with target pollutants as well as increase the 

hydrophilicity of the adsorbent (Patil and Lokhande, 2015; Rashidi Nodeh et al., 2020a). Various 
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types of sulfide-metal cations such as iron sulfide and nickel sulfide are relatively inexpensive 

material which has high efficiency for the removal of lead ion (Ahmadi et al., 2015; Golkhah et 

al., 2017; Zhao et al., 2019). Besides, the trivalent lanthanum ions (La3+) have a high potential 

for oxygen-donor atoms with sulfur ions which resulted in the formation of lanthanum sulfide 

(La2S3) nanoparticles (Rashidi Nodeh et al., 2020a). The La2S3 nanoparticles are superior and 

flexible material for the adsorption of various pollutants from the aquatic environment (Li et al., 

2020; Prabhu et al., 2019; Rashidi Nodeh et al., 2020a).  

The novelty of work is stated that the fewer studies were focused on the synthesizing, 

characterization and application of lanthanum sulfide (La2S3) NPs based magnetic graphene 

oxide material for lead adsorption. This material enhance the lead ions with high sorption 

capacity, since, The graphene oxide sheets with high surface area avoid the agglomeration and 

sedimentation of La2S3 nanoparticles. More active sices (LaS NPs) are available for lead ions 

uptake from aqueous media. Furthermore, the positively charged lanthanum ions (La3+) and 

negative sulfide ions (S2–) increase the adsorbent affinity toward lead ions. The most important 

strategy, the negatively charged sulfide-based nanoparticles are useful for the removal of the 

positively charged metal cations (Pb2+). Besides, the presence of magnetic nanoparticles helps to 

easily isolation of nanocomposites from aqueous media (Ramu et al., 2020). Therefore, in this 

study, the La2S3 NPs were anchored over magnetic GO for the first time as new adsorbent 

material for the efficient removal of lead ions from wastewater.  

 

2. Experimental 

 

2.1 Reagents and chemicals 

Potassium permanganate, LaCl3.7H2O, and Na2S2O3.5H2O, sodium hydroxide, ammonia solution 

25%, sulfuric acid 98%, FeCl2.4H2O, FeCl3.6H2O, and other reagents were purchased from 

Merck Chemicals (Darmstadt, Germany). Synthetic graphene was obtained from Sigma Aldrich 

(Inc. St. Louis, MO, USA). 

 

2.2 Instruments 

The FT-IR spectra of the nanocomposite were recorded in the wavenumber range of 450 to 4000 

cm-1 using a Perkin Elmer Spectrum 2 (Shelton, CT, USA). The surface morphology of the 
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nanocomposite material is investigated with a field emission scanning electron microscope from 

MIRA3 TESCAN (Prague, Czech Republic). The SEM instrument was equipped with energy-

dispersive X-ray spectroscopy for analyzing the elemental composition of the nanocomposite. A 

Perkin Elmer 400 atomic absorption spectrophotometer (FAAS) equipped with lead hollow 

cathode lamps was used for the detection of lead ions in water samples.  

 

 

2.3 Synthesis nanocomposite 

Firstly, graphene oxide was synthesized from graphite according to previous studies the 

magnetized (Wu et al., 2019). Synthesis of magnetic graphene oxide (MGO) can be summarized 

as follows (Fig. 1); freshly prepared graphene oxide 1 g was mixed with 0.5 g of FeCl3.6H2O and 

0.25 g of FeCl2.4H2O in 50 mL distilled water. Then, 3 mL of ammonia (25%) was added 

followed by vigorous stirring for 2 h. The dark product (MGO) was collected via a magnet, 

washed with excess distilled water and lastly oven-dried at 80oC for 24 h. The Lanthanum sulfide 

(La2S3) nanoparticles over MGO were prepared by adaption of the method as previously reported 

by (Rashidi Nodeh et al., 2020a) as follows (Fig. 1); 0.35 g of LaCl3.7H2O, 0.78 g of 

Na2S2O3.5H2O and 0.5 g MGO were mixed in 10 mL polyethylene glycol - 400 with vigorous 

stirring on heater stirrer at 80 °C for 30 min. The mixture was capped in a pyrex vial (20 mL) 

and heated in an oven at 120 °C for 24 h. Lastly, the dark black sediment (MGO@LaS) was 

isolated with the assistance of an external magnet and excess water with ethanol and distilled 

water five times and oven-dried at 80 °C for 24 h. Jo
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Fig. 1 Synthesis procedure for the magnetic graphene oxide doped lanthanum sulfide 

nanoparticles (MGO@LaS) 

2.4 Removal experiment 

The removal/adsorption of lead ions was carried out via batch method with different initial 

concentrations of lead ions (5 - 200 mg/L). The mass transfer of lead ions into MGO@LaS was 

enhanced by shaking for different times (10 -300 min). The pH of the solution was vireos from 2 

to 7 by constant shaking rate and time. In a further study, the different effects of adsorbent 

dosage (5 -100 mg) and solution temperature (20 – 45 ºC) were investigated under constant 

shaking. All the experiments were carried out in triple and the concentration of residual lead ions 

in solution was analyzed with flame atomic absorption spectroscopy (FAAS). The removal 

efficiency (R %) of the lead ions was calculated according to equation (1). 

𝑅 % =  
𝐶𝑖−𝐶𝑒

𝐶𝑖
× 100                      (1) 
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Where Ci (mg/L) and Ce (mg/L) are the initial and residual concentrations of lead ions in solution, 

respectively. The equilibrium adsorption capacity (Qe) was calculated under equation 2. 

𝑄𝑒 =
(𝐶𝑖−𝐶𝑒)×𝑉

𝑊
                               (2) 

Where Ci (mg/L) is the initial concentration of lead before treatment, V (mL) is the water phase 

volume and W is the adsorbent dosage (g). The effect of coexisting ions on lead ions removal 

was carried out using an artificial water solution including various anions and cations including 

SO3-, NO3
-, K+, PO4-, Fe3+, Cl-, Cu2+, Na2+, Zn2+ Ni2+, and Al3+. These concentration ions kept 10 

folds of lead ions (200 mg/L) and mixed with 40 mL wastewater with a lead ions concentration 

of 21 mg/L. The removal was provided in single batch mode and the concentration of lead ions 

was analyzed with FAAS. 

3. Results and discussion 

3.1 Characterization 

3.1.1 SEM and EDX 

The FESEM microscopy was applied for the morphological study of the freshly prepared GO, 

La2S3 nanoparticles, and MGO@LaS nanocomposite. Fig. 2(A) shows the flake-like sheets for 

graphene oxide before modification and magnetization. Fig. 2(B) illustrates the SEM image of 

the La2S3 nanoparticles with irregular shape and size with agglomerated particles. It can be 

concluded that the graphene oxide sheets are prevented the agglomeration of the lanthanum 

sulfide nanoparticles as compared to graph (B). Fig. 2(C) depicts the SEM micrograph of the 

magnetic graphene oxide-based lanthanum sulfide nanocomposite after modification. In this 

graph, the uniform and smooth surface morphology was observed for nanoparticles over 

graphene oxide layers. In further characterization, the elemental composition of the MGO@LaS 

nanocomposite was analyzed with the EDX technique as shown in Fig. 2(D). The spectrum 

showed the various signal for the expected elements including C (31 %), O (21 %), Fe (19 %), S 

(13 %) and La (15 %). The proposed elements were matched with the material of MGO@LaS 

nanocomposite. 
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(A) (B) 

  
(C) (D) 

 
 

Fig. 2 SEM images for (A) graphene oxide, (B) lanthanum sulfide and (C) MGO@LaS 

nanocomposite. (D) EDX elemental analysis of MGO@LaS nanocomposite. 

3.1.2 FTIR spectroscopy 

The functional groups of MGO@LaS nanocomposite were studied with FTIR spectroscopy. Fig. 

3(A) spectrum shows the main characteristic peaks for GO at 3410 cm-1, 2925 cm-1, 1722 cm-1, 

1630 cm−1, 1495 cm−1, 1208 cm-1, and 1029 cm-1 which were corresponded to carbonyl O-H, C-

H, C=O, C=C, C-C, C-O, and C-OH stretching vibrations, respectively. These showed the 

presence of various oxygenate functional groups on the surface of graphene oxide. Hence, the 

extra IR bands at 625 cm–1, 945 cm–1, and 2314 cm–1 corresponded to La–S, La2S3 nanoparticles, 

and S–H & S–S residual, respectively (Rashidi Nodeh et al., 2020a). The IR bands are 

proximately at 930 cm–1 and 750 cm–1 corresponds to sulfide and sulfur-based materials such as 
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metal-sulfide and SO3
2– (Brandão et al., 2009; Pandian et al., 2011; Rashidi Nodeh et al., 2020a). 

lastly, the sharp bond at 562 cm1 was attributed to the Fe-O bond vibration stretching of 

magnetic nanoparticles. Hence, these peaks verified the successful assembly of graphene oxide 

sheets with magnetic nanoparticles and La2S3 nanoparticles. 

 

 

(A) (B) 

 
 

 

Fig. 3 (A) FTIR spectrum for MGO@LaS nanocomposite. (B) VSM hystrisis for  

MGO@LaS nanocomposite. 

 

3.1.3 VSM magnetometery 

the magnetic properties of adsorbent were studied vibrating sample magnetometer (VSM) 

technique. The VSM showed the magnetic saturation capacity for adsorbent material which is an 

important parameter in the magnetic adsorption removal techniques (Shirani et al., 2021). Fig. 3 

(B) showd the VSM curve for MGO@LaS nanocomposite with asymmetric hysteresis and the 

saturation magnetization of 26 emu/g. This value was illustrated that MGO@LaS had a worthy 

magnetic properties which made it suitable for the treatment of wastewater. 
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3.2 Adsorption mechanism 

The proposed mechanism for Pb2+ ions uptake onto MGO@LaS nanocomposites is shown in 

Fig. 4. The Pb2+ ions can adsorb over sulfur, nitrogen and oxygen atoms via electrostatic 

interactions and coordination mechanisms. As can be seen, the Pb2+ ions interacted with the 

electron pair of S atom in lanthanum sulfide and O atom in MGO as donor atoms to form 

complex or physical adsorption via electrostatic interaction. Hence, due to the high value of S 

atom and the high affinity of the lead ions to interact with sulfur, coordination was highly 

possible between the Pb2+ ions and lanthanum sulfide. Electrostatic interactions were more 

possible between oxygenate groups of MGO and Pb2+ ions. Therefore, the presence of various 

force interactives in the adsorption process provides the synergic effect to increase the removal 

efficiency. 

 

 

 

Fig. 4 The proposed mechanism for adsorption of Pb(II) ions onto MGO@LaS 

nanocomposite. 

3.3 Effect of parameters on adsorption process  

 

3.3.1 Solution pH  

The effect of different pH on the removal of Pb2+ was evaluated at pHs 2-7. As shown in Fig. 

5(A), the removal efficiency increased from pH 2 to 5, probably due to the presence of a large 

value of negative S2- on the surface of the MGO@LaS nanocomposite. Since positively charged 

Pb2+ can be readily adsorbed via electrostatic attraction at pH 2-5 over nanocomposite. However, 
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the low efficiency at low pH was probably due to the protonation of the adsorbent that occupies 

the active sites. This phenomenon increases the electrostatic repulsion between the Pb2+ cations 

and protonated adsorbents (MGO+ & LaS-H). The maximum removal efficiency was achieved at 

pH 5, which was due to the high affinity between the negative surface charge of the 

nanocomposite and positive Pb2+ cations. The small decline in efficiency at pH 6 and 7 was 

because of the precipitation of lead ions as hydroxide (Pb(OH)2) then, pH> 7 was not studied. 

Hence, the pH of the adsorption batch was set at 5 for further studies, as the number of 

negatively charged sites was high on the surface of MGO@LaS-, which is suitable for the 

efficient uptake of the positive Pb2+ ions by electrostatic attraction or coordination. 

3.3.2 Adsorbent dosage  

The effect of adsorbent dosage on lead ions removal was studied in the mass range of 5-100 mg. 

Fig 5(B) shows the removal efficiency of lead ions increased from 39% to 95% by increasing the 

adsorbent dosage from 5 to 30 mg. This increase was due to the increasing adsorption active sites 

on the adsorbent. As can be seen, the adsorption capacity (Qe) was continuously decreased by 

increasing the mass of the adsorbent. The decline of Qe is probably due to the decreasing amount 

of metal ions concentration per unit mass of adsorbents (adsorbate/active sites ratio is 

decreasing), which causes unsaturation of some adsorption active sites (Kakavandi et al., 2015). 

Thus, 20 mg was chosen as an effective dosage for further study. 
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Fig. 5 Effect of (A) solution pH and (B) adsorbent dosage on adsorption efficiency. 

3.3.3 Effect of the contact time 

Batch experiments were conducted on a shaker for different interval contact times (5-300 min) to 

get equilibrium sorption capacity using 40 mL lead ions solution and 50 mg of adsorbent at pH 5. 

Fig. 6 shows the removal efficiency increased continuously by increasing the shaking time. This 

trend was assigned to the longer time available for more removal to occur with greater contact 

times. Hence, the efficient and fast removal of Pb2+ ions is corresponding to a large number of 

the active sites (various functional groups) that cause a fast equilibrium and mass transfer 

between solution and adsorbent (Li et al., 2015). Thus, 40 min was selected for further 

experimental works. 
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Fig. 6 Effect of adsorption time on removal efficiency 

3.3 Adsorption kinetic 

The experimental process and mass transfer rate for the adsorption process were analyzed using 

the pseudo-first-order and pseudo-second-order as kinetic models (Mousavi et al., 2019).  The 

proposed two models are described with linear equations (3) and (4) respectively (Esmaeili 

Bidhendi et al., 2020), which are plotted in Fig. 6 A & B. 

ln(Qe − Qt) = lnQe − k1t                      (3) 

t
Qt

⁄ = 1
k2Qe

2⁄ + t
Qe

⁄                         (4) 

Where Qe (mg/g) equilibrium adsorption capacity (mg/g) and Qt (mg/g) are the capacities at a 

certain time t (min).  k1 (l/min) and k2 (g/mg min) are the pseudo-first-order and pseudo-second-

order rate constants. The values of parameters are calculated based on linear plots (Fig. 7 A & B) 

and are listed in Table 1. Hence, the high value of R2 of linear plots (B) and value of Qe 

(theoretical) were close to  Qe (experimental) In addition, the pseudo-second-order model was 

more favorable to describe the rate of lead ions uptake onto MGO@LaS nanocomposite. 
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Fig. 7  (A) pseudo-first-order and (B) and pseudo-second-order kinetic models 

 

Table.1 Kinetic parameters of the different models 

Adsorbed 

Qe 

Experimental 

 (mg/g) 

Models 

Pseudo first order Pseudo second order 

R2 Qe (mg/g) k1 R2 Qe (mg/g) k2 

Pb(II) 90 0.665 31.08 0.007 0.999 98.03 0.0001 
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3.4 Adsorption equilibrium 

 

3.4.1 Initial concentration of lead ions 

Adsorption equilibrium of lead ions from wastewater was carried out for various initial 

concentrations of lead ions (5-200 mg/L) under constant shaking time, 20 mg adsorbent at pH 5. 

Fig. 8(A) shows an increasing the adsorption capacity with the increase of lead ions 

concentration. The proposed isotherm was compared with IUPAC pattern, which is the current 

isotherm is matched with IUPAC adsorption patterns that describe the monolayer Type I 

isotherm model. In addition, it can be noticed that the high concentrations of lead ions hindered 

further increase of the adsorption capacity due to the saturation of the active sites (Mohammadi 

Nodeh et al., 2020). 

 

3.4.2 Adsorption isotherm 

Adsorption capacity and adsorption pattern are studied through Langmuir and Freundlich 

isotherm models. The linear form of Langmuir and Freundlich models was described with 

equations (4) and (5) (Rashidi Nodeh et al., 2017).  

Ce
𝑄e

⁄ =
Ce

Qm
⁄ + 1

kLQm
⁄                                    (4) 

ln Qe = ln KF + (1
n⁄ ) ln Ce                                  (5) 

Where Qe (mg/g) is the equilibrium adsorption capacity (mg/g), Qe is the maximum adsorption 

capacity, Ce (mg/L) is the concentration of lead ions before treatment, kL is Langmuir constant 

(L/mg), KF is Freundlich constant [(mg/g) (L/mg)1/n] and 1 n⁄  is adsorption energy constant.  

 

The value of the isotherm parameters was calculated from slopes and intercepts of the linear 

forms and plots (Fig. 8 B & C). Table 2 shows the Langmuir model was more favorable to 

describe the ions adsorption pattern over the MGO@LaS due to high values of R2 as compared 

Freundlich model. Langmuir model was provided a satisfactory maximum adsorption capacity of 

123 mg/g for lead ions at pH 5. Hence, the Langmuir model stated that the adsorption process 

was a monolayer on the surface of the adsorbent (Cechinel and de Souza, 2014; Ismail et al., 

2016).  
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Fig. 8 (A) Adsorption equilibrium, (B) Langmuir and (C) Freundlich adsorption 

isotherms. 

Table 2 Adsorption isotherms models and their parameter values. 

Adsorbed 

Models 

Langmuir Freundlich 

Qm (mg/g) kL R2 KF[(mg/g) (L/mg)1/n] 1/n R2 

Pb(II) 123.46 0.91 0.973 12.74 2.23 0.965 

 

3.5.  Thermodynamic studies 

The effect of temperature on lead ions adsorption onto MGO@LaS was investigated with the 

thermodynamic model as equations 5 and 6. The thermodynamic model describes the Gibbs free 

energy change (ΔG°), enthalpy change (ΔH°) and entropy change (ΔS°): 

ΔG° = -RT ln K     (5) 

ln K = 
𝛥𝑆°

𝑅
 - 

𝛥𝐻° 

𝑅𝑇
     (6) 

where K = C0/Ce (L/mol)R is the gas constant (8.314 J/mol K) and T is the temperature in 

Kelvin. In the linear form of the equation (ln K versus 1/T) the values of the ΔG°, ΔH° and ΔS° 

values are obtained from the slope and intercept of the linear plot and Listed in Table 3. It 

represents that the increase of adsorption capacity by temperature and positive value of ΔH° 

were performed the endothermic nature for lead adsorption process. A positive value of ΔS° 

suggests the randomness adoption pattern between the solid surface and solution. The negative 

ΔG° provided spontaneous adsorption of lead ions onto MGO@LaS nanocomposite. In addition, 

the value of ΔG° > -18 kJ mol-1 was performed chemisorption mechanism for lead ions onto 

MGO@LaS at 45 °C and chemisorption at 25 °C (ΔG° ~ -5.99 kJ mol-1). 

Table 3 Thermodynamic parameters for adsorption of Pb(II) ions onto MGO@LaS nanocomposite. 

Target 

analyte 

Temperature (K) Qe (mg/g) ΔG° kJ mol-1 ΔH° kJ mol-

1 

ΔS° J 

mol-1 K-1 

 293 93.11 -2.92   

Pb(II) 298 121.46 -5.99 181.23 0.61 

 318 133.21 -18.61   
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3.6 Co-existing ions 

The removal efficiency of lead ions using MGO@LaS was studied in the presence of various 

anions and cations (Section 2.4). After performing the co-existing ions, removal efficiency of 84 

% was obtained for lead ions in the presence of various ions. In this case, the percentage of 

removal efficiency was unchanged significantly which means the ion was not competitive. It 

should be noted that some of the ions had negative effects which can decrease the removal 

efficiency due to the competitive adsorption and occupation of active sites by the onion or 

cations.  

 

3.9 Comparison with other works 

The results of this study were compared with previously published studies for the removal of 

lead. As can be seen in Table 4, the adsorbent of the current study displayed several advantages 

such as higher removal efficiency and mild adsorption condition as compared to some other 

adsorbents.  

Table 4 Comparison study of lead ion sorption with different adsorbents 

Adsorbent  Metal 

ion 

pH  Qe 

(mg/g) 

Reference 

MGO/LaS lead  5 123.46 Current study 

Magnetic 

biochar 

lead 5 99.82 (Du et al., 2020b) 

Zero valent 

Iron – Humic 

acid 

lead 6 649 (Du et al., 2020a) 

Magnetic GO lead 4.5 86.2 (Rashidi Nodeh and Wan 

Ibrahim, 2016) 

Amine-MOF lead 4 536 (Mahmoud et al., 2020) 

Bentonite 

biochar 

Lead  4.2 500 (Ramola et al., 2020) 

MGO/Chitosan lead 5 76.94 (Fan et al., 2013) 

 

4. Conclusion 

A novel MGO@LaS nanocomposite was synthesized as an efficient adsorbent to enhance the 

removal of lead ions from wastewater. The results showed that the lead ions uptake onto 

MGO@LaS was well fitted by Langmuir isotherm (R2 > 0.99) with a high adsorption capacity of 

123.46 mg/g. In addition, the adsorption rate followed pseudo-second-order due to a higher R2 

(0.998) value as compared to pseudo-first-order. Lastly, Langmuir isotherm and thermodynamic 

modes (Gibes free energy) suggested a monolayer pattern for lead ions adsorption over 
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MGO@LaS with a chemical sorption mechanism at 45 ºC. The magnetic MGO@LaS 

nanocomposite provided an appropriate removal efficiency (85%) for lead ions in the presence of 

different anions and cations. Thus, the newly developed MGO@LaS nanocomposite can be used 

as an alternative solid sorbent material in water treatment. 
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Highlights 

• Lanthanum sulfide nanoparticles were synthesized and decorated on magnetic 

graphene oxide. 

• The MGO@LaS nanocomposite applied for removal of lead ions (Pb2+) from 

wastewater. 

• The isotherm model provided monolayer adsorption for lead ions with an 

adsorption capacity of 123.46 mg/g.  
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