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ABSTRACT 

Green synthesized iron oxide nano sorbent was prepared using an aqueous extract of 

Aristolochia bracteolata leaf as reducing agent. The structural properties of the nano-adsorbent was 

characterized by XRD and SEM, FT-IR spectroscopy and desorption studies were analysis. XRD and 

SEM methods indicate that nanoparticles were crystalline, spherical, size ranges from 68-116 nm, 

with an average size of 38 nm. Batch experimental parameters like pH, contact time, adsorbent 

dosage and metal ion concentrations were studied. The maximum removal of Cd (II) was 94.1% at 

pH 6 and Pb (II) 96.6% at pH 5 with an initial metal ion concentration of 50 mg/L. The adsorption 

isotherm data fitted well to Langmuir isotherm model and the monolayer adsorption capacity values 

for Cd (II) was 90.90 and for Pb (II) was 83.33 mg/g at 303 K; it is a good adsorbent for removal of 

Cd (II) and Pb (II) ions from industrial waste waters and advantages like environmental friendly and 

reusability. 
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1. INTRODUCTION 
Heavy metal pollution has become one of the most serious environmental problems. The 

treatment of heavy metals is of special concern due to their recalcitrance and persistence in the 

environment 1. With the rapid development of industries such as fertilizer industries, tanneries, metal 

plating facilities, batteries, paper industries and pesticides, heavy metals wastewaters are directly or 

indirectly discharged into the environment increasingly, especially in developing countries 2. Heavy 

metals such as cadmium and lead are generated in milling, electroplating, electrolytic depositions, 

conversion coating, smelting and mining. They can be absorbed and accumulated in human body and 

caused serious health effects like cancer, hyperglycemia, immune deficiency, anemia, damage the 

kidney, liver and reproductive system, basic cellular processes and brain functions 3, 4 and more toxic 

effects on the aquatic environment 5. 

Removal of heavy metals from industrial waste water can be accomplished through various 

conventional technologies, including chemical precipitation 6, 7, coagulation and flocculation 8, 

reverse-osmosis 9, ion-exchange 10, membrane filtration 11, 12 and adsorption 13. Among them, 

adsorption is one of the best methods for removal of heavy metals from waste water because it is 

easy to operate, inexpensive and high efficient 14. Nano-sized iron oxide nanoparticles play an 

important role as efficient adsorbents because of their size, high surface and magnetic property 15, 16, 

17. Till to date, considerable research attention has been paid to the removal of heavy metals from 

contaminated water via adsorption process.  

Recently, green synthesis of iron oxide nanoparticles with different sizes and shapes has 

been reported using various plant extracts, such as green tea 18, Argemone mexicana leaf extract 19, 

Tridax procumbens leaf 20, Pineapple peel extract 21, sorghum bran extracts 22, Colocasia esculenta 

leaf extract 23. Rambutan peel waste extract 24, Eucalyptus globulus leaf extract 25 , Ocimum sanctum 

leaf extract 26, watermelon rinds27 

Aristolochia bracteolata is belongs to the family Aristolochiaceae and known as worm killer. 

It has insecticidal properties. Its roots and leaves are bitter and antihelmintic, and are medicinally 

important. Almost every part of the plant has medicinal usage 28. The objectives of this study are: (i) 

synthesis of iron oxide nanoparticles using Aristolochia bracteolata leaf extract and their 

characterization with respect to XRD, FTIR and SEM (ii) the use of the synthesized nanoparticles as 

an the adsorbent for the removal of Cd (II) and Pb (II) from aqueous solution, and (iii) the analysis of 

the adsorption isotherm data using Langmuir and Freundlich models.  
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2. MATERIAL AND METHODS 

2.1. Materials 
FeCl3. 6H2O, C2H3NaO2, HCl were obtained from Sigma Aldrich, CdCl2 and Pb (NO3)2) 

were purchased from Merck (India). Double distilled water used to prepare all the solutions.  

2.2. Preparation of Leaf extract 
Plant leaves were taken from the local fields of Tirupati, Andhra Pradesh, India. Leaves are 

thoroughly rinsed with double distilled water to remove the fine dust particles and later, the leaves 

are dried under shade at room temperature for 24 hours under dust free condition. Dried leaves are 

grinded with a mortar and pestle to make a powder. An amount of 10 g of leaf powder is mixed in to 

100 ml double distilled water and refluxed for 1 h, at 80 0C until the colour of aqueous extract 

solution changes from watery to thick green. The resultant composition is cooled to room 

temperature and filtered with a Whatman No. 1 filter paper and the final extract is stored at 4 0C for 

further use. 

2.3. Synthesis of iron oxide nanoparticles 
Iron nanoparticles were prepared through an easy and eco-friendly method. The iron oxide 

nanoparticles were synthesized by a previously reported method 29 with slight modifications. 0.01 M 

Ferric chloride(0.1622gms) and 0.01 M sodium acetate(0.08203gms) was prepared by using distilled 

water. 10 mL of freshly prepared leaf extract was mixed to 10 mL of aqueous ferric chloride solution 

(0.01 ferrichloride + 0.01 M sodium acetate solution) with constant stirring for 1h at 60 0C, the 

resulting solution becomes homogenous black in color after 1h specify the formation of iron oxide 

nanoparticles. The nanoparticle solution was cooled to room temperature and the black product 

attained was isolated by applying an external magnetic field and washed with ethanol and dried in 

vacuum oven 90 °C for 12h and kept in a stoppard bottle for further use.  

2.4. Instrumentations 
Fourier transform-infrared (FT-IR) spectra of the Aristolochia bracteolata L plant leaf 

extract and the synthesized nanoparticles were recorded on a SHIMADZU 8400S. The crystalline 

structure of iron oxide nanoparticle was analyzed by powder X-ray diffraction pattern, recorded by 

SHIMADZU XRD-7000 which provides control modules for the complete range of diffractometer 

accessories together with the corresponding analysis software. XRD with Cu-K radiation in a θ-2θ 

configuration (λ= 1:540598 ˚A). The size and morphology of the synthesized particles were 

determined from images recorded on a Hitachi S-3700N Scanning Electron Microscopic (SEM) 
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using an accelerating voltage of 300 kV. The metal ions concentrations were determined using 

atomic absorption spectrometer (AA 6300, Shimadzu, Japan). 

2.5.  Batch adsorption studies 
The adsorption studies of Cd (II) and Pb (II) ions on green synthesized iron oxide 

nanoparticles were performed at room temperature. The stock solutions of Cd (II) and Pb (II) ions 

were prepared by dissolving an appropriate quantity of CdCl2 and Pb(NO3)2 dissolving in double 

distilled water to give a volume of 100 ml. In all sets of experiments, fixed volume of metal solution 

in 50mL was stirred with desired nano-adsorbent dose (50 – 150 mg) for the period of two hours. 

Different conditions of pH (2 – 7), initial concentrations (50, 100, 150 mg/L) and contact time (30 – 

180 minutes) were evaluated during the study. The first and final concentrations of the metal ions in 

the solution were measured using Atomic Absorption Spectroscopy. The amount of adsorbed heavy 

metal ions on the iron oxide nano-adsorbent in the equilibrium state was calculated using the 

following equation:  

݁ݍ                      = 	 (஼௜ି஼௘)
ெ

		ܸ                            (1) 

Where  

qe (mg/g) is the equilibrium adsorption capacity of metal ions (Cd (II), Pb (II)  

V is the volume of the solution; Ci and Ce are the initial and equilibrium concentrations (mg/L), 

respectively, of Cd (II) and Pb (II), and M is the adsorbent dosage (mg). Furthermore, the adsorption 

percentage was defined as follows:  

(%)݊݋݅ݐ݌ݎ݋ݏ݀ܣ                  = (஼௜ି஼௘)
஼௜

	× 100                        (2) 

RESULTS AND DISCUSSIONS 

2.6. Characterization 
Fig. 2.Shows the XRD pattern of iron oxide nanoparticles using Aristolochia bracteolata leaf 

extracts. The results of X- ray diffraction (XRD) showed that the sample was iron oxide 

nanoparticles intense diffraction peaks indexed to (122) plane appearing at 2θ= 34.5°respectively. It 

indicates that the prepared iron oxide nanoparticles are cubic crystal structure 30. This result matchs 

with JCPDS card number: 39v-1346. The crystallite size of the prepared sample was estimated using   

Debye – Scherrer formula:                             

ܮ     = 	 ௄ఒ
ఉ஼ைௌఏ

      (3)         

Where β is the full-width half maxima (FWHM) in radians, λ is wave length of the X – ray 

Cu K-alpha λ = 0.15418 nm, θ is corresponding Bragg angle and K is the constant (K = 0.94) and the 
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estimated crystallite size is 13 nm. 

The Fourier transform infrared (FTIR) spectroscopy measurements were carried out to 

identify the possible biomolecules responsible for capping and stabilization of nanoparticles. Fig.1. 

shows the FTIR spectrum of iron oxide nanoparticles shows the major absorption peaks at 

3400,2,1631,1022 and 418 cm-1. The broad absorption peak at 3300 cm-1 is corresponding to O-H 

stretching of alcohol and phenolic compounds. The bond 2077 corresponds to the N-H / C-O 

stretching vibration The band at 1631 cm-1 suggested the presence of amide group (N-H bending), 

raised by carbonyl stretch of proteins. The peaks at 1383 - 1022cm-1 represents the characteristics of 

C-H bending vibration. The band at 418 cm-1 indicated the Fe-O stretching of iron oxide 

nanoparticles as reported earlier 31, 32. The band 418 cm-1 indicated the Fe-O stretching of Fe2O3 

nanoparticles.  

SEM has been a primary tool for examine the morphology of the nanoparticles. The SEM 

images Fig.3. Shows the synthesized nanoparticles 38nm with grain size ranging from 60-127 nm 

and are spherical in shape.  

Adsorption studies 

2.7. Effect of pH 
The synthesized iron oxide nanoparticles can be used for the removal of heavy metal ions like 

Cd(II)  and Pb(II) from water. pH is an important parameter that influences the adsorption process 

by way of modifying the functional groups of biomass. The effect of pH on the removal of Cd (II) 

and Pb (II) ions was conducted in the pH range of 2 to 7 at 303 K and was investigated by nano-

adsorbent. As shown in Fig 4 (a) and (b) the percentage removal of metal ions Cd(II) and Pb (II) 

increased with increase in pH from 2 to 6 and above that pH the percentage removal decreased with 

an increase in pH. Maximum removal of Cd (II) 94.5%, at pH 6 and Pb (II) 95.6 %, at pH 5 with an 

initial metal ion concentration of 50 mg/L respectively. Decrease in metal ion removal at higher pH 

may be because of the formation of hydroxyl ions of metals 33. Similar trends have been reported in 

the removal of Cd (II) 34 and the removal of Pb(II) 35, 36. 

2.8. Effect of adsorbent dose 
The adsorption efficiency of Cd (II) and Pb(II) was studied by varying the amount of 

adsorbent dosage from 0.2 to 0.6 g keeping other parameters (pH, and contact time) constant. The 

result shows that maximum percent removal of Cd (II) and Pb (II) was about 94.1 % and 96.6 % at 

the dosage of 0.5 g and initial concentration 50 mg/L (Fig 5 a and b). When adsorbent dose was 

increased from 50 to 150 % w/v then it decreases again after the dose increases from 50 to 150 mg/L 
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this effect may be due to the fact that some adsorption sites remain unsaturated during the batch 

adsorption process 37.  

2.9.  Effect of contact time 
Metal ions removal percentage was increased with an increase in contact time. All parameters 

such as dose of adsorbent and pH of solution were kept constant. The results indicated that Cd (II) 

and Pb (II) removal were increased from 53.2 to 94.1% and 58.0 to 96.6 % with the contact time 

variation from 30 to 120 minutes respectively. Thus the results illustrate that the optimum contact 

time for maximum removal of Cd (II) 94.1%, and Pb (II) 96.6 % is 120 minutes as shown in Fig. 6. 

This result is important because equilibrium time is one of the important parameters for an 

economical wastewater treatment system. The short equilibrium time was in agreement with that 

reported by other researchers for the adsorption of other metal ions onto iron oxide nanoparticles 38, 39 

2.10. Adsorption isotherms 
To evaluate the maximum adsorption capacity of nano-adsorbent and the equilibrium 

adsorption of Cd (II) and Pb (II) onto green synthesized iron oxide nano-adsorbent, the adsorption 

data were analyzed by the Langmuir and Freundlich isotherm models.  

The Langmuir equation can be expressed by the linearized form: 
஼௘
௤௘

= ஼௘
௤௠

+ ଵ
௤௠௕

                 (4) 

Where qe is the equilibrium adsorption capacity of metal ion concentration onto the adsorbent (mg/g), 

Ce is the equilibrium metal ion concentration in the solution (mg/L), qm is the maximum capacity of 

adsorbent (mg/g) and b (L/mg) is the equilibrium constant relating to the sorption energy. The values 

of the Langmuir constants (KL, Qmax) and Freundlich constants (K, n) are presented for the 

adsorption of metal ions like cadmium (II), and lead (II) was shown in Table 1. It shows that the R2 

value for Langmuir isotherms is high than Freundlich isotherm R2 of 0.999 whereas for cadmium (II), 

and 0.999 for lead (II). Fig. 8(a) and (b) shows that R2 values for Freundlich isotherm model was 

found R2 of 0.963 for cadmium (II) and 0.988 for lead (II). Fig. 7 (a) and (b) show that the 

experimental data fits the Langmuir adsorption isotherm well with maximum adsorption capacity of 

90.90 and 83.33 mg/g for Cd(II) and Pb(II) respectively. The Freundlich isotherm is applicable for 

modeling the adsorption of metal ions on heterogeneous surfaces and the linearized form of isotherm 

is expressed as: 

݁ݍ	݃݋ܮ = log݂݇ + ଵ
௡

log(5)                ݁ܥ 

 Where Kf (mg/g) and “n” are the Freundlich isotherm constant that represents the adsorption 
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and the intensity of adsorbents, Fig. 8 (a) and (b) show the linear plot of Freundlich isotherms of Cd 

(II) and Pb(II) onto green synthesized nano-adsorbent at 303 K. The fitted constants for the 

Freundlich isotherm model, Kf, “n” and correlation coefficient (R2) are calculated from the intercept 

and slope of the plot and are presented in Table 1. The values of n > 1 represent favorable adsorption 

condition 40 and the “n” values for Cd(II) is 5.617 and for Pb (II) is 7.042. These values suggest that 

green synthesized nanZo-adsorbent is a good adsorbent for the adsorption of Cd (II) and Pb (II) ions. 

2.10.  Desorption studies 
     Desorption studies are essential for regeneration and reuse of an adsorbent. For the desorption 

experiments, the recycling efficiency of the green synthesized iron oxide nanoparticles using 

Aristolochia bracteolata plant leaf extract, was investigated. From the pH study, the adsorption 

percentage for Cd (II) and Pb( II) was lower at lower pH. Hence, the acidic medium is expected to be 

a feasible approach for the regeneration of Cd (II) and Pb (II) loaded green synthesized iron oxide 

nanoparticles. Thus, dilute 0.1 N HCl solutions of different pH were used to study the desorption of 

metal ions from nano-adsorbent and results are presented in Fig.9. It was found that the desorption 

percentage values were 95.52, 86.70, 80.46 and 75.68% with HCl solutions of pH 1.5, 2.0, 3.0 and 

4.0, respectively. At lower pH, higher desorption was observed because of the sufficiently high 

hydrogen ion concentration, which led to the strong competitive adsorption. The results indicate that 

iron oxide nanoparticles can be reused for removal of Cd (II) and Pb (II). 

3. CONCLUSION 

Adsorption of Cd (II) and Pb (II) from aqueous solution was studied by green synthesized 

iron oxide nanoparticles utilizing Aristolochia bracteolata leaf extract. The iron oxide nanoparticles 

were characterized by FTIR, SEM and XRD techniques. The synthesized nanoparticles were 38 nm 

with spherical in shape and grain size ranging from 60-127 nm. The operational parameters like pH, 

effect of nanosorbent dosage and contact time highly affect the overall Cd (II) and Pb (II) uptake of 

nanosorbent, pH have significant effect on the removal efficiency. The optimum time was observed 

to be 2 hours with optimum dosage was 0.5 g. Equilibrium models like Langmuir and Freundlich 

isotherm models were used for the study and equilibrium data. Adsorption of both metals has reached 

equilibrium after about (120 minutes). The maximum adsorption of Cd(II) and Pb(II) onto Green 

synthesized iron oxide nano-adsorbent was observed at pH 6 for Cd (II) and pH 5 for Pb (II) with 

maximum adsorption capacity values of 90.90 for Cd (II) and 83.33 mg/g for Pb(II) at 303 K. 

Desorption studies with 0.1N HCl revealed that iron oxide can be regenerated by treatment with HCl 

and can be reused as the nano-adsorbent for several cycles. The outcomes demonstrated that the 
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proposed nano-adsorption strategy is reasonable for the expulsion of cadmium and lead in industrial 

waste water. 
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Table 1.  Langmuir and Freundlich isotherm constants for Cd (II) & Pb (II) by Green synthesized (Aristolochia 
bractelata L.) iron oxide nanoparticles. 

Metal ions Langmuir Freundlich 
qm(mg/g) b(L/mg) R2 Kf(mg/g) n R2 

Cd(II) 90.90 0.366 0.999 39.62 5.617 0.963 
Pb(II) 83.33 0.50 0.999 44.15 7.042 0.988 

 

 

 

 

 

 

 

 

 

Fig. 1 FTIR spectra of green synthesized iron oxide nanoparticles 
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Fig. 2 XRD images of synthesized iron nanoparticles 

  

Fig. 3 SEM of synthesized iron oxide nanoparticles from leaf extract 

 

 
Fig. 4(a) Effect of varying pH on metal ion Cd(II) adsorption by nano-adsorbent at different 

initial concentrations ((initial concentrations of Cd(II) 50, 100, 150 mg/L, material dosage:0.5 

g/L, solution volume: 50 m/L, time: 120 min, temperature: 303 K). 
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Fig.4(b) Effect of varying pH on metal ion Pb(II) adsorption by nano-adsorbent at different initial 

concentrations((initial concentrations of Pb(II) 50, 100, 150 mg/L, material dosage: 0.5 g/L, solution volume: 50 

m/L, time: 120 min, temperature: 303 K). 

 
Fig. 5(a) Effect of nano-adsorbent (g) on the percentage removal of Cadmium at pH=6 and different initial 

concentrations (initial concentrations: 50, 100, 150 mg/L, material dosage: 0.5 g/L, solution volume: 50 m/L, time: 

120 min, temperature: 303 K). 
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Fig. 5(b) Effect of nanoa-dsorbent (g) on the percentage removal of Lead at pH=5 and different initial 

concentrations (initial concentrations: 50, 100, 150 mg/L, material dosage: 0.5 g/L, solution volume: 50 m/L, time: 
120 min, temperature: 303 K). 

 

 
Fig. 6. The effect of contact time on the Cd (II) and Pb(II) removal efficiency  at pH=6 and initial concentration 

50 mg/L. 

 
Fig.7(a) Linear plot of Langmuir isotherm of Cd (II) onto green synthesized iron nano-adsorbent 
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Fig. 7(b) Linear plot of Langmuir isotherm of Pb (II) onto green synthesized iron nano-adsorbent 

 

 
Fig.8(a) Linear plot of Freundlich isotherm of Cd (II) onto green synthesized iron nano- adsorbent 

 
Fig. 8(b) Linear plot of Freundlich isotherm of Pb (II) onto green synthesized iron nano-adsorbent 
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 Fig. 9 Desorption efficiency of Cd(II) and Pb(II)  with 0.1N HCl at different pH  

 


