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Abstract 
Dried waste leaves of Plumeria which is a garden waste was utilized for the preparation of leaf extract and it was used as a green 

reducing agent for the reduction of Ferric ions (present in FeCl3 solution) into zerovalent iron nanoparticles. It is an easy, cost 

efficient and eco-friendly method of nanoparticle synthesis. The synthesised iron nanoparticles were characterized by the use of 

scanning electron microscope (SEM), energy dispersive X-ray spectroscopy (EDS), Fourier transform infrared spectroscopy (FTIR) 

and point of zero charge (pHZPC). The synthesised nanoparticles were agglomerated therefore the size appeared larger and they were 

mainly composed of iron and oxygen. FTIR analysis showed presence of several functional groups over the surface of nanoparticles 

that refers to its surface complexity. The pHZPC of the nanoparticles was found to be 5.2. The aqueous solution of para-nitrophenol 

(PNP) was treated in the Fenton-like degradation process using the synthesised iron nanoparticles as catalyst. PNP was efficiently 

removed from the aqueous solution with maximum percentage removal was 90.52 % with nanoparticle concentration 0.5 g/L, PNP 

concentration 10 mg/L, pH 3, H2O2 concentration 0.05 M and at 25 ˚C. The degradation of PNP was fitted best with pseudo-first-

order kinetics.  
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1. Introduction 

Nanotechnology is one of the most promising and quickly 

expanding fields of science. Nanoparticles are specific due to 

their characteristic properties in comparison with their bulk 

materials such unique optical properties and high chemical 

reactivity (Paiva-Santos et al., 2021). Their characteristic 

properties are result of their extremely small size and huge 

surface to valume ratio (Jadoun et al., 2021). Nanoparticles 

have wide area of application, they are used in magnetic and 

microelectronic devices, photocatalyst, electrocatalysts, 

biomedical field and powder metallurgy (Salem and Fouda, 

2021). Techniques like chemical reduction, laser ablation, 

pyrolysis, lithography and electrochemical synthesis have 

been used for the synthesis of nanoparticles. However, these 

techniques pose high synthesis cost as well as they have 

dangerous effects on environment because of usage of toxic 

chemicals and harsh reaction conditions (Rafique et al., 

2017). Utilization of plant based materials and 

microorganisms for the synthesis of nanoparticles is a 

sustainable, environmentally safer and pocket friendly. 

Nanoparticle synthesis by microorganisms demands more 

time, cautious handling and high maintenance, whereas, 

nanoparticles synthesis by plants is a fast and easy reaction 

moreover, phytochemicals of plants not only reduce the metal 

ions into nanoparticles but also cap them with organic 

compounds which provide them stability (Hosny et al., 2021; 

Karthik et al., 2022).   

The green synthesis of different metallic nanoparticles 

including silver nanoparticles, copper nanoparticles, iron 

nanoparticles and zinc oxide nanoparticles has been reported 

by the use of several plants extracts like leaves of Azadirachta 

indica (Nagar and Devra, 2018), Enicostemma axillare (Raj 

et al., 2018), Laurus nobilis L. (Fakhari et al., 2018), Moringa 

oleifera  (Katata-Seru et al., 2018), Thymus kotschyanus 

(Hamelian et al., 2018), Diospyros lotus (Hamedi and 

Shojaosadati, 2019), seeds of Tectona grandis  (Rautela et al., 

2019), turmeric extracts (Alsammarraie et al., 2018), leaf and 

root of Berberis vulgaris  (Behravan et al., 2019), flower of 

Avicennia marina  (Karpagavinayagam and Vedhi, 2019), 

and red peanut skin extract (Pan et al., 2020). In the present 

research work, we have synthesised iron nanoparticles by the 

aqueous extract of dried Plumeria leaves. Those green 

synthesised iron nanoparticles were applied for the removal 

of para-nitrophenol from water by heterogeneous Fenton-like 

reaction, the removal process was optimized and analysed by 

the application of degradation kinetics. 

 

2.0 Materials and methods 

2.1 Materials 

The analytical grade chemicals were utilised in this work like 

anhydrous ferric chloride (FeCl3), para-nitrophenol 

(C6H5NO3), hydrogen peroxide (H2O2), sodium hydroxide 

(NaOH), hydrochloric acid (HCl), and other chemicals and 

reagents were provided by Thermo Fisher Scientific. The 

dried leaves of Plumeria were collected from the Babasaheb 

Bhimrao Ambedkar University campus, Lucknow, India. 

 

2.2  Synthesis and characterizations of nanoparticles 

A detailed synthesis method of iron nanoparticles using 

extract of dead Plumeria leaf is given in our previous work 

Rawat and Singh (2021). In brief the preparation of leaf 

extract was done by heating a mixture of dried leaf powder 

and deionized water at 80˚C for 1 h (DW) (leaf powder(g): 

DW(mL)= 3:50) which was then vacuum filtered and filtrate 

was used for reducing and capping of iron nanoparticles. The 

leaf extract was mixed in the 0.1 M aqueous solution of FeCl3 
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in the ratio of 3:1 with constant stirring and then pH of the 

mixture was adjusted to 6. Reaction mixture turns intense 

black which represents the synthesis of zerovalent iron 

nanoparticle. The nanoparticles were then separated from the 

colloidal suspension by centrifugation, washed with distilled 

water and ethanol, dried, crushed into fine powder and stored 

for characterization and application. The nanoparticles were 

named Plumeria synthesised iron nanoparticles (Pl-INPs). 

The characterization of Pl-INPs was done by SEM (model 

number JSM 4490, JEOL, Japan), along with EDS and FTIR 

(NICOLET 6700, Thermo Fischer Scientific, USA). The 

pHZPC of the Pl-INPs was determined by the method 

described by Mishra et al. (2019). 

 

2.3 Degradation of PNP 

Degradation experiments were performed in 250 mL 

Erlenmeyer flask. For degradation a definite concentration of 

Pl-INPs was added in the 50 mL aqueous solution of PNP (10 

mg/L), pH of the solution was 3, H2O2 concentration was 0.02 

M, and then the reaction mixture was shaked at 80 RPM in an 

orbital shaker for definite contact time at room temperature. 

A 5 mL aliquot was take out after different time periods, 

centrifuged and analysed for residual PNP concentration in 

the solution by UV-Visible spectrophotometer (at 317 nm). 

The degradation percentage was determined by following 

reaction: 

𝑫𝒆𝒈𝒓𝒂𝒅𝒂𝒕𝒊𝒐𝒏 % =  
𝑪𝟎 − 𝑪𝒕

𝑪𝟎

× 𝟏𝟎𝟎         (𝟏) 

Where, C0 and Ct are initial and residual concentration of PNP 

after degradation reaction, respectively. The optimization of 

Pl-INPs concentration, pH, H2O2 concentration, initial PNP 

concentration, reaction time and temperature for PNP 

degradation was done in this study. 

 

2.4 Degradation kinetics 

The degradation study data of PNP was analysed by the 

application of pseudo-first-order and pseudo-second-order 

kinetics. The linear equation for the pseudo-first-order and 

pseudo-second-order kinetic is represented in equation (2) 

and (3) (Rawat et al., 2021). 

𝒍𝒏 (
𝑪𝒕

𝑪𝟎
⁄ ) = −𝒌𝟏𝒕                                           (𝟐) 

𝟏
𝑪𝒕

⁄ = (
𝟏

𝑪𝟎

) + 𝒌𝟐𝒕                                             (𝟑) 

Where, C0 is initial and Ct is residual concentration of PNP 

after degradation, respectively. k1 and k2 depicts pseudo-first-

order and pseudo-second-order rate constant, respectively. 

 

2.5 Regeneration of Pl-INPs 

The regeneration of the Pl-INPs was done for five cycles. 

After application in first cycle the nanoparticles were 

separated from the reaction solution and washed with distilled 

water followed by drying in an oven overnight after that PI-

INPs were applied in the second degradation cycle. Similarly 

the nanoparticles were recycled five times. 

 

3.0 Results and discussion 

3.1 Characterization of the nanoparticles 

Fig. 1 a) SEM analysis, b) EDS, c) FTIR and d) pHZPC analysis of Pl-INPs 
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The SEM analysis shows clumping of nanoparticles due to 

which their particle size has increased (Fig. 1a). The EDS 

analysis represents the presence of Fe and O in the 

nanoparticle, the oxygen is present due to the oxidation of 

iron by reaction with ambient environment; however, a small 

amount of Cl present in EDS analysis may appear due to some 

impurities (Fig. 1b). FTIR analysis before and after removal 

PNP is represented in Fig. 1c. Several peaks appeared in the 

graph corresponding to different functional groups like peak 

appeared ~3422 cm-1 correspond to the –OH stretching, 

1718.27 cm-1 correspond to –CO group, other group that were 

present are C=C bond, –C-N bond and –CH bond. A broad 

peak in between 600-400 cm-1 is representative of Fe-O bond 

in the Pl-INPs (Kouhbanani et al., 2018). The result of pHZPC 

is shown in Fig. 1d pHZPC was found to be 5.2. 

  

3.2 Optimization of phenol and PNP degradation 

The concentration of Pl-INPs was optimize in the range of 

0.05 to 1 g/L (Fig. 2a) at pH 3, temperature 25 ˚C and contact 

time 4 h. A maximum degradation of PNP was found to be 

85.2 ± 1.5 % at 0.75 g/L which was used for further 

degradation experiments of PNP. The study revealed a 

decrease in removal percentage on increasing the Pl-INPs 

concentration continuously that occur because of 

agglomerating tendency of nanoparticle in the reaction 

mixture when present in higher concentration that reduces the 

active sites for OH˚ generation (Kuang et al., 2013). 

Optimization of H2O2 concentration was done in the range of 

0.001 to 0.1 M result shows that the degradation was 

increased with an increasing concentration of H2O2 (Fig. 2b) 

due to increase in the generation of OH˚ radicals (Al-Musawi 

et al., 2019). On increasing further concentration of H2O2 

above the optimum level the number of generated OH˚ 

radicals will overcome the pollutant molecules to be degraded 

hence the degradation percentage became almost constant 

after 0.05 M H2O2 concentration. Degradation was tested in 

the pH range 2 to 7 results are shown in Fig. 2c which 

represents a wide range of pH (3-6) for the application Pl-

INPs for Fenton like degradation. However, the degradation 

percentage was decreased slightly at higher pH. The 

concentration of PNP was studied from 10 mg/L to 50 mg/L. 

As shown in Fig. 2d, the degradation was almost unaffected 

with the increase in the initial concentrations up to 30 mg/L. 

After increase in concentration of PNP more than 30 mg/L 

the removal percentage was decreased, and minimum 

degradation was achieved at 50 mg/L. Increasing PNP 

amount and keeping constant amount of nanoparticles and 

H2O2, the amount of generated OH˚ radicals was also 

constant, while the pollutant molecules to be degraded keep 

increasing this led to the decrease in degradation due to 

insufficient supply of OH˚ radicals (Guo et al., 2020). 

 
Fig. 2 a) Optimization of Nanoparticle concentration, b) optimization of H2O2 concentration, c) optimization of pH, d) 

optimization of PNP concentration and e) optimization of temperature. 

The degradation was carried out for 300 min with regular time 

intervals this study was done along with the optimization of 

initial pollutant concentration. The results show that the 

degradation was increasing with an increasing reaction time. 

Degradation was fast in initial 120 min after that it was 

comparatively slower, similar observations were also 

reported by Dolatabadi et al. (2019). In starting, a large 

number of OH˚ radicals were generated due to higher 

concentration of H2O2 and vacant active sites on the Pl-INPs. 

While after some time some amount of H2O2 get consumed 

and some active sites on the Pl-INPs get masked with the by-

products formed in the reaction so the production of OH˚ 

radical get slow down with time which eventually reduced the 

speed of the degradation reaction. The results of temperature 



J. Appl. Sci. Innov. Technol. 1 (1), 21-26 Rawat and Singh, 2022 

24 
 

study shows a slight decrease in the degradation (Fig. 2e) at 

higher temperature, the reaction of OH˚ radical generation 

may get hampered due to which the degradation decreased 

slightly. 

 
Fig. 3 a) Pseudo-first-order kinetic plots, b) pseudo-second-order kinetic plots for PNP degradation and c) Regeneration of 

Pl-INPs 

3.3  Degradation kinetics 

The values of reaction rate constants for both the kinetics and 

their respective R2 values are provided in the Table 1. Fig. 3a 

and 3b show the plots for pseudo-first and second-order 

kinetics, respectively. By evaluation of the R2 values it was 

observed that the degradation data fitted best with the pseudo-

first-order kinetics. 

 

Table 1 Values of degradation kinetics parameters  

 
Pseudo-first 

order kinetics 

Pseudo-second-

order kinetics 

C0 

(mg/L) 
k1 R2 k2 R2 

10 0.0076 0.976 0.0195 0.922 

20 0.0073 0.753 0.0053 0.604 

30 0.006 0.766 0.0022 0.594 

40 0.0041 0.710 0.0007 0.672 

50 0.0015 0.766 0.002 0.754 

 

3.4 Regeneration and recycling of the Pl-INPs 

Fig. 3c depicts the regeneration of the Pl-INPs, it can be 

observed from the figure that the degradation continuously 

kept on decreasing with increasing the number of 

regeneration cycles. In the process of recycling, some amount 

of catalyst also get lost in run off that reduces the degradation 

efficiency. Also iron get corroded in aqueous solution by the 

production of hydroxide layer which easily leached out and 

exposes the inner layer of iron for hydroxide formation 

resulting in eventual loss of iron that reduces the degradation 

efficiency of iron nanoparticles over time (Bokare et al., 

2008). 

 

4.0 Conclusion 

In this study, the green synthesised iron nanoparticles were 

found to be an effective heterogeneous Fenton catalyst. 

Approximately 90% PNP was observed to be removed in this 

process and the removal was less effected by the increased in 

initial PNP concentration upto 30 mg/L. Moreover, the 

removal of PNP was slightly decreased with an increase in 

operating temperature up to 55 ˚C. It was observed that the 

degradation efficiency of PNP was observed good at pH 

range 3-5 unlike the conventional Fenton process which are 

feasible only at pH 3, this property make the application of 

nanoparticles in wastewater treatment with a wider range of 

pH. The kinetic study suggested the degradation was pseudo-

first-order kinetic driven reaction. The nanoparticles were 

recyclable and had good catalytic properties for initial three 

cycles. 
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