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Abstract: The present study was demonstrated the synthesis, characterization, and utilization of 

Polypyrrole/ZnO (Polypy/ZnO) nanocomposite in the removal of divalent copper, lead, and cadmium 

ions from aqueous solutions. Leaves extract of Mangifera indica has been used to synthesize zinc oxide 

nanoparticles (ZnO NPs) and green synthesized ZnO NPs incorporated in the polypyrrole system for 

enhancing metal loading capacity. Synthesized Polypy/ZnO was characterized using FT-IR, P-XRD, 

FE-SEM, and EDX methods. Maximum adsorption of copper, lead, and cadmium ions have been found 

at contact time 50 minutes, dosage 1 g, and pH 6, respectively. The Langmuir equilibrium constants 

were 6.75, 7.19, and 7.59 L/g for Cu2+, Pb2+, and Cd2+ ions. The desorption constants for the adsorptive 

removal of Cu2+, Pb2+, and Cd2+ ions by using Polypy/ZnO were evaluated from the Elovich model as 

1.96, 1.68, and 1.17 g/mg, respectively.  
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1. Introduction 

Nanotechnology is now focused on the synthesis of nanoscaled materials and their 

applications in physical, chemical, biological, pharmaceutical, environmental, and engineering 

sciences. The nanoscaled materials have been attracted to their applications to remediate 

inorganic and organic pollutants from water or wastewater [1]. The green synthetic approach 

using any plant-derived material applied in synthesizing different inorganic nanomaterials such 

as metal and metal oxide nanoparticles has been recognized by high efficiency, low cost, and 

environmentally friendly process [2]. Nanoparticles are now considered in different fields due 

to their extremely small particles (10 to 100 nm) and large surface to volume ratio [3-5]. Water 

pollution due to heavy metal ions has become a serious worldwide problem; the introduction 

of heavy metal ions into water bodies constitutes a great risk to human health and the 

environment [6]. The fresh and saline water is contaminated through waste streams of 

metallurgical operations, mining, agricultural activities, chemical industries, electroplating, 

and domestic wastewater [4-11]. The main toxic heavy metal contaminants are Pb2+, Cd2+, Cr6+, 

Ni2+, Zn2+, Cu2+, and Hg2+ ions. [4,6,12-14]. Copper is biologically an essential element for 

terrestrial and aquatic plants, humans, and other animals. The uptake of Cu2+ ions in the human 

body, beyond the limit, causes depression, anorexia, premenstrual syndrome, learning 
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disorders, liver damage, and allergies. Cu2+ ions release into the aquatic environment through 

waste streams of paints, electroplating, dyes, fossil fuel burning, iron and steel industries, and 

pesticides [15]. Lead (Pb2+) ions are the most toxic and common heavy metal ions and released 

into the environment through leaded gasoline, smelting, battery recycling, lead-containing 

pipes, etc. It causes kidney, joint and reproductive disorders and long-term damage to central 

and peripheral nervous systems. It may also cause mental retardation and behavior change in 

children and also a carcinogen [16,17]. Cd2+ ions cause hypertension, lung diseases, hepatic 

injury, osteomalacia, and myocardial dysfunctions at low concentrations in humans. They are 

released into the natural aquatic system through liquid wastes of alloying, metal finishing, 

mining, and ceramic industries [4,17]. Polymer-based nanocomposites demonstrate high metal 

and other pollutants loading capabilities from aqueous solutions due to their special 

characteristics such as good modulus and strength and nano-meter sized particles [18,19]. 

Polythiophene-Al2O3 [6], polyaniline modified clay [20], polypyrrole protected magnetic [21], 

polypyrrole-rice husk [22,23], polythiophene chitosan magnetite (nanoparticles) [24] and 

polyaniline/polystyrene [25] nanocomposites have been utilised in the adsorption of Pb2+, Cd2+, 

Zn2+, Ni2+, Cr6+ and Cu2+ ions from aqueous solutions. Mangifera indica (Mango plant) 

undergoes Anacardiaceae and is found in the Indian subcontinent and other warm areas of the 

world. The plant's leaves are evergreen, simple, alternate, 14 to 20 cm long, and 5 to 15 cm 

broad [26,27]. The secondary metabolites present in plant extract acts as reducing, stabilizing, 

and capping agents. As nanoparticles' formation during chemical synthesis, the nanoparticles 

undergo agglomeration due to their high surface energy. The plant extract provides non-toxic 

and natural capping agents; the capping process covers the nanoparticles with strong natural 

binding molecules and prevents agglomeration [3,5,28-30]. 

2. Materials and Methods 

 2.1. Synthesis and characterization of Polypy/ZnO nanocomposite. 

 Collected leaves of Mangifera indica (Fig. 1) were washed with double distilled water 

(DDW) and dried at 500C for 6 hours in a tray dryer. The dried leaves were cut into small 

pieces, and 2 g of cut leaves were added to 100 ml of DDW and boiled for 30 minutes. After 

filtration, the filtrate was used as an extract and preserved at 40C (Fig. 1). 10 ml of leaves 

extract has been mixed with 100 ml of 0.1 M zinc acetate [Zn(CH3COO)2] solution and stirred 

for 1 hour over magnetic stirrer. After that, the pH of this solution was maintained as 12 using 

dropwise 0.1 M NaOH. Again stirred the content for 30 minutes, and ZnO NPs were separated 

from the solution by centrifugation at 10,000 rpm for 15 minutes. The separated ZnO NPS have 

been washed 3 times with DDW and again subjected to centrifugations. The collected ZnO NPS 

were dried at 700C for 3 hours and then calcined at 3000C for 1 hour. Added 0.1 M pyrrole into 

0.1 M ferric chloride (FeCl3) in the ratio 1:3 and stirred for 4 hours and then placed at room 

temperature for 18 hours. The solution was diluted with DDW and then filtered; the residue 

(polypyrrole) was completely dried at 600C in a hot air oven. The calcined ZnO NPs were 

mixed with this freshly synthesized polypyrrole in ratio 1:1 and required amount of DDW. This 

final mixture was sonicated for 5 hours over the sonicator machine. The newly synthesized 

Polypy/ZnO nanocomposite was completely dried and packed into tight air bottles for 

characterization and other studies. FT-IR, FE-SEM, EDX, and P-XRD techniques have been 

used to characterize Polypy/ZnO nanocomposite. 
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Figure 1. Collected leaves and leaves extract of Mangifera indica. 

2.2. Adsorption experiments. 

 The stock solution containing 1000 mg/L divalent copper, lead, and cadmium ions were 

prepared by dissolving copper acetate [Cu(CH3COO)2], lead chloride (PbCl2), and cadmium 

chloride (CdCl2) into 1000 ml of DDW and then acidified by several drops of 0.1 M nitric acids 

(HNO3) solution. All working solutions for wastewater were prepared by dissolving the above 

stock solution into DDW. The pH of all solutions was fixed using 0.1 M HCl/0.1 M NaOH 

solutions. The adsorption study of Cu2+, Pb2+, and Cd2+ ions onto Polypy/ZnO nanocomposite 

has been carried out with parameters such as pH, contact time, temperature, dosage, and 

concentration. Fixed amounts of Polypy/ZnO nanocomposite (0.2 to 1 g) have been treated 

with different working solutions (pH 1 to 6 and concentration 10 to 50 mg/L) at constant time 

and shaking (190 rpm). After that, the reacting contents were filtered, and Thermo Fisher 

AA301 Atomic Absorption Spectrophotometer was used in the determination of all metal ions 

in the filtrates. Langmuir and Freundlich isotherm models, pseudo-first and second-order, and 

Elovich kinetic models have been used to find out different isotherm and kinetic parameters. 

The adsorption or removal efficiency or percentage adsorption and amount of adsorbate per 

gram of adsorbent (Qe) were calculated by using the following equations: 

% Adsorption of metal ions onto Polypy/ZnO  = (Co-Ce) x 100/Co-----(1) 

Qe (mg/g) = (Co – Ce) x V/M------------(2) 

Here, Co and Ce are the metal ion concentrations (mg/L) before and after adsorption. 

The volume and mass of solution and adsorbent are denoted by V and M. 

3. Results and Discussion 

3.1. Characterisations of Polypy/ZnO nanocomposite. 

The specific chemical bonds present on Polypy/ZnO nanocomposite surfaces have been 

determined using Fourier transform infrared (FT-IR) spectroscopy [31,32]. Characteristic 

peaks are recorded at 3437 cm-1, 2929 cm-1, 1599 cm-1, 1396 cm-1, 1177 cm-1, 1037 cm-1, 916 

cm-1, 771 cm-1, 563 cm-1 and 457 cm-1 (Fig. 2). These peaks are concerned with N-H, C-H, 

C=C, C-N, C-Zn, Zn-O, etc., bonds on the surface of Polypy/ZnO nanocomposite. The powder 

XRD pattern (Fig. 3) indicates an amorphous nature of Polypy/ZnO nanocomposite [32-38]. 

The XRD peaks have been obtained at 2 = 120, 180, 220, 260, 280, 300, 340, 380, 440, 540, 560, 
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600, 620 and 700. These all peaks are analogous to pure polypyrrole and ZnO nano-systems 

[4,14,33-41] and indicating the synthesized material is a combination of polypyrrole and zinc 

oxide nanoparticles. FESEM (Field emission scanning electron microscope) is used to observe 

the morphological characteristics of nano-sized particles present in the nanomaterials. FESEM 

is based on the scanning of objects by electrons under vacuum conditions [4]. The FESEM 

images of Polypy/ZnO nanocomposite (Fig. 4) are indicating the formation of a composite and 

semi-sphere shaped morphology of particles; the average particle size of Polypy/ZnO is 

observed as 95 nm. The elemental composition observed by Energy dispersive X-ray (EDX) 

spectroscopy is represented in figure 5 and table 1. 

 
Figure 2. FTIR Spectra of Polypy/ZnO nanocomposite. 

 
Figure 3. XRD pattern of Polypy/ZnO nanocomposite. 
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Figure 4. FESEM images of Polypy/ZnO nanocomposite. 

 
Figure 5. EDX spectra of Polypy/ZnO nanocomposite. 
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Table 1. EDX elemental compositions Polypy/ZnO nanocomposite. 

Elements Weight (%) Atomic (%) 

C, K 33.67 49.97 

N, K 8.35 10.63 

O, K 28.03 31.23 

Zn, L 29.95 8.17 

Totals 100.00 

*C=Carbon, N=Nitrogen, O=Oxygen, Zn=Zinc and K and L= Energy terms related to EDX 

3.2. Adsorption study. 

3.2.1. Effect of pH, contact time, and dosage. 

The pH is an essential adsorption parameter and generally decides the maximum 

removal capabilities of adsorbents. Higher acidic pH favors the maximum removal of heavy 

metal ions from aqueous solutions due to the availability of very few or non-protonated active 

groups or sites.  
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Figure 6. (A) Effect of pH (B) Contact time (C) Dosage and (D) Temperature on the removal of Cu2+, Pb2+, and 

Cd2+ ions on Polypy/ZnO nanocomposite. 

The lower acidic pH of aqueous solutions makes active sites protonated. A repulsion 

occurs between such active sites and metal ions, which results in poor adsorption [4,40]. The 

removal efficiencies of Cu2+, Pb2+ and Cd2+ ions onto Polypy/ZnO nanocomposite have been 

observed as 9.04 %, 3.9 % and 2.9 % at pH 1 and increased to 19.9 %, 22.1 % and 13.9 % at 
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pH 3. At pH 5, 66.3 %, 76.1 %, 79.5 % of Cu2+, Pb2+ and Cd2+ ions were removed from the 

wastewater. The maximum removal efficiencies of Cu2+, Pb2+ and Cd2+ ions are found at pH 6 

as 89.1 %, 92.1 % and 84.6 %, respectively (Fig. 6A). Minimum contact time is required to 

adsorb metal ions from wastewater. The adsorption efficiency of metal ions increases with an 

increase in contact time. The adsorption efficiency of metal ions becomes constant or not 

changes after a certain contact time. It is due to the coverage of all active or binding sites by 

metal ions [42,43]. The removal efficiency of Cu2+, Pb2+ and Cd2+ ions are recorded as 16.2 %, 

37.9% and 28.1 % at contact time 10 minutes and very efficiently increased to 42.1 %, 57.2 % 

and 49.9 % after 40 minutes. Maximum removal efficiencies of Cu2+, Pb2+, and Cd2+ ions onto 

Polypy/ZnO nanocomposite have been recorded as 48.1 %, 61.9 %, and 58.4 % at contact time 

50 minutes. After that, it becomes constant (Fig. 6B). The amount of adsorbent also effectively 

influences the removal of metal ions from wastewater. In general, the removal efficiency of 

metal ions increases with the increase of the amount of adsorbent because of more availability 

of surface area as well as binding sites. However, after a certain dosage, removal efficiency 

becomes less efficient than the initial dosage [44,45]. The removal efficiencies of Cu2+, Pb2+ 

and Cd2+ ions are found as 27.9 %, 45.9 % and 36.3 % at 0.2 g and increased efficiently to 40.4 

%, 56.5 % and 48.9 % at 0.6 g of adsorbent. At 0.8 g of Polypy/ZnO nanocomposite, 48.9 %, 

60.2 % and 53.9 % Cu2+, Pb2+ and Cd2+ ions are removed from aqueous solution and maximum 

removal efficiencies achieved 54.9 %, 64.3 % and 58.3 % at 1 g (Fig. 6C). 
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Figure 7. (A) Effect of concentration onto on the removal of Cu2+, Pb2+ and Cd2+ ions on Polypy/ZnO 

nanocomposite (B) Langmuir (C) Freundlich isotherm model (D) Pseudo first order kinetic model. 

3.2.2. Effect of temperature and concentration. 

The adsorption of metal ions increased as the rise of temperature due to metal ions' 

mobility as a gain of energy. After a certain temperature, the adsorption efficiency of metal 
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ions becomes constant. This is due to the desorption of metal ions from the adsorbate into 

aqueous solutions [46]. The removal efficiencies of Cu2+, Pb2+ and Cd2+ ions onto Polypy/ZnO 

were initially found at 100C as 30.2 %, 40.9 % and 39.1 %, respectively. After that, 40.2 %, 

54.1 % and 48.1 % of Cu2+, Pb2+ and Cd2+ ions are removed at 400C and increased to 50.7 %, 

68.1 % and 59.9 % at 500C (Fig. 6D); after 500C, the removal of all metal ions becomes 

constant. The adsorption (%) of metal ions was found very low at higher concentrations of 

aqueous solutions than lower concentrations of aqueous solutions. The decrease of adsorption 

(%) is probably due to a limited number of active groups on the adsorbent's surface [6,47]. At 

initial metal ion concentration (10 mg/L), the removal efficiencies of Cu2+, Pb2+ and Cd2+ ions 

are found as 37.9 %, 48.2 % and 40.7 % and very sharply decreased to 11.9 %, 13.6 % and 

13.2 % at 50 mg/L (Fig. 7A). 

3.3. Adsorption isotherms and kinetics. 

The distribution of heavy metal ions between solid adsorbent and aqueous solutions 

and suitability of adsorption under laboratory conditions are generally checked by fitting 

adsorption data in suitable isotherm models [48]. The monolayer adsorptive performances of 

divalent lead, cadmium, and copper ions on the surface of Polypy/ZnO nanocomposite have 

been observed using the Langmuir isotherm model (Eq.3). 

Ce/Qe = 1/KLX + Ce/KL---------------(3) 

In this equation, Langmuir equilibrium constant (L/g) and theoretical monolayer 

capacity are represented by constants KL and X. Ce and Qe are the equilibrium concentration of 

bivalent metal ions and the amount of metal ions adsorbate onto Polypy/ZnO (mg/g). KL and 

X's mathematical values have been evaluated for Cu2+, Pb2+, and Cd2+ ions from the curve Ce/Qe 

versus Ce (Fig. 7B). The values of KL are found to be 6.75, 7.19, and 7.59 L/g for Cu2+, Pb2+, 

and Cd2+ ions onto Polypy/ZnO (Table 2). Values of X are evaluated for Cu2+, Pb2+ and Cd2+ 

ions as 0.088, 0.303 and 0.152, respectively. The values of regression (R2) are indicating that 

the Pb2+ ions follow the Langmuir model comparatively more than Cu2+ and Cd2+ ions (Table 

2). The Langmuir model's essential feature is expressed as a dimensionless separation factor 

RL (Eq.4) and found less than 1 for all initial concentrations [6]. It also favors this model's 

suitability for the adsorption of Cu2+, Pb2+, and Cd2+ ions onto Polypy/ZnO. 

RL = 1/1 + X C0  ---------------(4) 

The non-ideal behavior of Cu2+, Pb2+, and Cd2+ ions onto Polypy/ZnO nanocomposite 

has been observed using the Freundlich isotherm model (Eq.6). It also deals with the 

heterogeneity of multilayer adsorption features of adsorbents. 

log Qe = log KF + 1/n log Ce -------------(6) 

In equation (6), Freundlich adsorption capacity and adsorption intensity are denoted by 

KF and n, and their values are calculated from the curve log Qe versus log Ce (Fig. 7C). The 

adsorption capacities of Cu2+, Pb2+, and Cd2+ ions have been found as 2.35, 3.41, and 2.65 mg/g, 

respectively. The values of 1/n are recorded as less than 1 for all metal ions, and that confirms 

the suitability of the adsorption process (Table 2). The values of R2 indicate that Cd2+ ions 

follow the Freundlich model more than other metal ions (Table 2). 

Table 2. Values of parameters of isotherm models. 
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Models Metal ions Parameters Values 

 

 

 

Langmuir 

 

Cu2+ 

KL (L/g) 6.75 

X 0.088 

R2 0.971 

 

Pb2+ 

KL (L/g) 7.19 

X 0.303 

R2 0.987 

 

Cd2+ 

KL (L/g) 7.59 

X 0.152 

R2 0.986 

 

 

 

 

Freundlich 

 

Cu2+ 

KF (mg/g) 2.35 

1/n 0.231 

R2 0.894 

 

Pb2+ 

KF (mg/g) 3.41 

1/n 0.170 

R2 0.916 

 

Cd2+ 

KF (mg/g) 2.65 

1/n 0.245 

R2 0.975 

 The kinetic study of the adsorptive removal of heavy metal ions is essential in 

determining the rate of adsorption and other parameters. It also deals with explaining the 

suitability of the adsorption process under applying batch parameters and mechanisms of 

adsorption [6]. For that, we correlated adsorption data of selected heavy metal ions with 

pseudo-first, pseudo-second, and Elovich models. The pseudo-first-order kinetic model is 

given the following equation [49]: 

ln (Q - Qt) = ln Q – k1 t ------------- (8) 

The amounts of Cu2+, Pb2+, and Cd2+ ions adsorbed onto Polypy/ZnO (mg/g) at 

equilibrium and after time t are represented by Q and Qt and constant k1 is pseudo-first-order 

rate constant (min-1). The values of k1 are evaluated using the curve ln (Q - Qt) versus t (Fig. 

7D) for Cu2+, Pb2+, and Cd2+ ions are -0.0851, -0.0716, and -0.0961 min-1, respectively. The 

higher values of R2 are indicating the best suitability of pseudo-first-order model for all metal 

ions (Table 3).  
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Figure 8. (A) Pseudo second order and (B) Elovich kinetic models. 

The following equation gives the pseudo-second-order kinetics [4] for the adsorption 

of Cu2+, Pb2+, and Cd2+ ions: 

t/Q = 1/k2 Qt + Q ------------- (9) 

The rate constant (k2) values of this model have been evaluated from the curve t/Q vs 

t (Fig. 8A) as 11.91, 6.70, and 7.92 g/mg.min for Cu2+, Pb2+, and Cd2+ ions. The value of 

regression (R2) indicates that the model is best fitted to Cu2+ ions as compared to Pb2+ and Cd2+ 
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ions (Table 3). The rate of chemisorption, nature of adsorbent, heterogeneous diffusion process, 

and energy of activation can be illustrated by following Elovich model [50]: 

Q =  +  ln t ---------- (11) 

 Where adsorption and desorption constants are denoted by  and  and their values 

evaluated from the curve Q vs. ln t (Fig. 8B). The desorption constants have been evaluated as 

1.96, 1.68, and 1.76 for  Cu2+, Pb2+, and Cd2+ ions (Table 3). 

Table 3. Values of parameters of kinetic models. 

Models Metal ions Parameters Values 

 

 

Pseudo first order  

 

Cu2+ 

k1 (min-1) -0.0851 

R2 0.950 

 

Pb2+ 

k1 (min-1) -0.0716 

R2 0.963 

 

Cd2+ 

k1 (min-1) -0.0961 

R2 0.948 

 

 

Pseudo second order 

 

Cu2+ 

k2 (g/mg min) 11.91 

R2 0.993 

 

Pb2+ 

k2 (g/mg min) 6.70 

R2 0.987 

 

Cd2+ 

k2 (g/mg min) 7.92 

R2 0.933 

 

 

 

 

Elovich model 

 

Cu2+ 
  (mg/g min) -2.92 

 (g/mg) 1.96 

R2 0.993 

 

Pb2+ 
 (mg/g min) -0.31 

 (g/mg) 1.68 

R2 0.863 

 

Cd2+ 
  (mg/g min) -1.45 

 (g/mg) 1.76 

R2 0.923 

4. Conclusions 

 The synthesized Polypy/ZnO nanomaterial has been found an efficient nano-adsorbent 

for the adsorptive removal of Cu2+, Pb2+, and Cd2+ ions and well-characterized using different 

analytical methods. The synthetic green method utilizing leaves extract of Mangifera indica 

was a low cost, eco-friendly, and simple. Optimized conditions have been observed as contact 

time 50 minutes, dosage 1g, moderate temperature, lower concentration of aqueous solutions, 

and pH 6. Suitability and adsorption data of all heavy metal ions have been observed using 

different isotherm and kinetic models. 
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