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Abstract. 

 

In recent years, green process techniques have reached modest impact ailments and are nontoxic 

precursors, and they are emphasised in the advancement of nanotechnology. Psidium gujava leaf 

extract was employed to make ecologically friendly iron nanoparticles in this study. The function of 

iron nanoparticles is studied using FTIR, SEM, and XRD methods. This study used the adsorption 

approach to remove a textile dye (Crystal violet) from an aqueous solution under various contact 

duration, pH, beginning dye concentration, adsorbent dose, and temperature parameters. The 

adsorption tests were carried out in batches. 
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1.Introduction 

 

Nanotechnology is a very young and rapidly evolving technology with several practical applications. 

Nanotechnology may be created using both bottom-up and top-down approaches [1]. Using deposition 

or reduction settings, atoms and molecules combine in a bottom-up process to form nanoparticles of 

the desired size and shape. Top-down, on the other hand, removes atoms and molecules from bulk 

materials using the reverse process [2,3,4]. Nanotechnology has the capacity to measure, modify, and 

manufacture objects at the atomic level between 1 and 100 nanometers. This has a very high surface 

area to volume ratio. Bottom-up nanoparticle biosynthesis is a kind of nanoparticle biosynthesis in 

which the reaction occurs in reduction or oxidation [5]. 

Physical and chemical procedures are commonly used to make nanoparticles, which are toxic and can 

cause death as well as harm to the environment and living things [6,7]. Metal nanoparticles are 

produced in a number of techniques, including anodization, wet oxidation, heating, hydrothermal, and 

sonication [8,9], all of which are costly and potentially detrimental to the environment. Green 

synthesis is a method of substituting a natural extract, such as tree leaves, for the reducing agent. 

Green synthesis is less costly, more ecologically friendly, and does not require high temperatures or 

pressure as compared to chemical and physical procedures. This procedure does not utilise any 

dangerous chemicals. Green synthesis nanoparticles are inexpensive and dependable. Phenolics, 

polysaccharides, and flavonoids with redox characteristics are examples of secondary metabolites 

found in plants. Psidium guajava leaves, for example, create Fe nanoparticles, which function as a 

reducing and capping agent [10,11]. Coffee and tea polyphenols are among the substances used to 

manufacture nZVI. These chemicals are created in a unique method. They're non-toxic and 

biodegradable, and they're made from natural materials. 

Iron metal particles that are smaller than a micrometre in size are known as nanoscale iron particles. 

They are very reactive due to their large surface area[12]. In the presence of oxygen and water, as 

well as nanoparticles, it is even quicker than in bulk material. They oxidise fast and release free iron 

ions[13,14]. They're commonly employed in medical and laboratory settings, and they've also been 

researched for the cleanup of chlorinated organic compound-contaminated industrial sites. This 
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property restricts its application in inert conditions [15, 16]. Nanoparticles of iron are non-toxic. They 

are naturally superparamagnetic [17]. Magnetite and its oxidised counterpart, maghemite, are the two 

most common types. They have a wide range of uses in biological imaging, heavy electrical, catalysis, 

and critical chemical processes because to their superparamagnetic nature.. 

 

2. Materials and Methods 

 

2.1 Preparation of Psidium guajava leaves extract: 

The leaves of Psidium guajava were harvested. By adding the appropriate leaves extract to FeCl3 

solutions, iron nanoparticles were created. Individual extracts of the leaves were made using 10 grams 

of leaves. The conical flask is filled with 100ml of Deionized water and 10 grams of leaf extract is 

added to the flask. The mixture should be cooked for 10 minutes at 80°C. When the mixture has 

reached room temperature, filter it through what's man filter paper. This filtrate can be stored at 4°C 

for up to a week and then utilised. 

 

   
Fig-1.Psidium guajava Leaves             Fig-2. Psidium guajava extract 

 

2.2 Synthesis of iron nanoparticles:  

Iron nanoparticles were created by adding FeCl3 to Psidium guajava leaves extract. In 500mL of 

water, dissolve 8.11 grams of FeCl3 granulate. This should be in a 1:1 ratio to the amount of Psidium 

guajava leaves extract produced after filtering. At room temperature, the mixture should be stirred 

using a mechanical stirrer. The reduction of Fe+2 ions is predicted by the rapid appearance of a black 

precipitate. As a result, the precipitates were centrifuged at 5000 rpm for 20 minutes. The iron 

nanoparticles were finally dried for 3 hours at 65 degrees Celsius in a vacuum oven.   

          

    
Fig-3. Synthesized PG-Fe                             Fig-4 Centrifuged PG-FeNP 

 

 
Fig-5. Dried FeNP 
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2.3 PG-FeNP Characterization 

A)Scanning Electron Microscope (SEM):  

scanning electron microscope (SEM) is an electron microscope that uses a focussed stream of 

electrons to scan the surface of a sample to obtain pictures. When electrons contact with atoms in a 

sample, they produce a variety of signals that carry information about the sample's surface topography 

and composition. A raster scan pattern is used to scan the electron beam, and the position of the beam 

is coupled with the intensity of the received signal to create a picture. Secondary electrons generated 

by atoms stimulated by the electron beam are detected using a secondary electron detector in the most 

common SEM mode (Everhart-Thornley detector). The quantity of secondary electrons that may be 

detected, and hence the signal strength, is influenced by specimen topography, among other factors. 

The resolution of a scanning electron microscope (SEM) is better than 1 nm. 

 

b) X-Ray Diffraction (XRD):  

X-ray diffraction (XRD) uses the dual wave-particle duality of X-rays to gain information on 

crystalline materials' structure. The approach is primarily used to identify and characterise chemicals 

based on their diffraction patterns. 

 

(c) Fourier Transform Infrared Spectroscopy (FTIR):  

Fourier transform infrared spectroscopy (FTIR) is a technique for obtaining an infrared spectrum of a 

solid, liquid, or gas's absorption or emission. An FTIR spectrometer captures high-spectral-resolution 

data over a large spectral range at the same time. This gives it a big advantage over a dispersive 

spectrometer, which only measures intensity across a small range of wavelengths at a time. 

 

3. Discussion and Conclusions 

 

3.1 Scanning Electron Microscope (SEM) Images: 

 The SEM (Scanning Electron Microscope) images in Figures 6 and 7 clearly reveal the tiny structures 

and varying sizes of PG-FeNP. For optimal imaging, it delivers high resolution and steady probe 

currents. The nanoparticles generated ranged in size from 159.3 to 205.6 nanometers. 

 

 

  
Fig -6 PG- FeNP before synthesis                  Fig-7 PG- FeNP after synthesis 
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Fig-8 Graphical representation of SEM( PG- FeNP) 

  

3.2 X-Ray Diffraction (XRD):  

Peak positions in the Fig suggest hexagonal wurtzite crystal structure development. The maxima of 

PG-FeNps at 2 values are 5.740, 10.920, 17.940, 22.310, 28.520, and 30.520. Figure 9 shows the XRD 

for PG-FeNps  

 

 
Fig-9 XRD pattern of PG-FeNps 

 

3.3 Fourier Transform Infrared Spectroscopy (FTIR): 

 Figure 10 shows the FTIR spectrum of Pure PG-FeNps. Various functional categories are represented 

by peaks at different places. Carboxylic, hydroxide, and C=C groups make up the majority of 

functional groups. Before and after FTIR, the peaks for PG-FeNps were 2400cm-1 and 2475cm-1 

 

   
Fig-10. FTIR before and after analysis of PG-FeNps 
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To investigate the influence of various parameters on the removal of Crystal violet from an aqueous 

solution (made in the lab) utilising PG-FeNP as an adsorbent, experimental data is obtained in a batch 

mode of operation. Experiments are used to investigate the influence of various factors on the 

adsorption of Crystal violet, followed by a theoretical attempt to interpret the results of the graphical 

analysis. The current investigation includes a number of different experimental runs. The following 

variables were investigated: 

 

3.4 Contact Time (t) Effect: 

Figure 11 shows time course profiles for the adsorption of crystal violet solutions over 1, 5, 10, 20, 

30, 40, 50, 60, and 70 minutes. The data acquired from the adsorption of crystal violet PG-FeNP 

revealed that an equilibrium adsorption needed a contact duration of 60 minutes, and there was no 

significant change in dye concentration with increasing contact time. As a result, the dye uptake and 

residual dye concentration after 60 minutes are used to determine the equilibrium values. The 

equilibrium duration of 60 minutes has been chosen for further investigations of adsorption with 

additional parameters using PG-FeNP as an adsorbent. 

 

 
Fig-11. Effect of Dosage for adsorption of crystal violet using PG-FeNps 

 

3.5 Adsorbent dose effect (W): 

The adsorbent dose was changed from 0.1 to 0.5 g to evaluate the effect of adsorbent dosage on crystal 

violet removal while keeping the other parameters constant. The duration of interaction was 60 

minutes. Figure 12 illustrates that as the adsorbent dose is increased, the % dye removal increases. 

For a 20 ppm dye solution, the percent dye removal rose from 86.4 percent to 96.2 percent when 

employing PG-FeNP. The rise in Crystal violet removal with an increase in adsorbent dose from 0.1 

to 0.5 g can be ascribed to increased surface area and a high number of accessible sorption sites. 

 

 
Fig-12. Effect of Dosage for adsorption of crystal violet using PG-FeNps 
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3.6 Effect of solution pH: 

One of the most critical aspects determining the adsorption process is the initial pH. The effect of 

initial pH on crystal violet adsorption using PG-FeNP is shown in Fig 13. The proportion of dye 

removal increased with a rise in pH from 5 to 7, and then dropped with an increase in pH up to 9. As 

a result, the optimal pH was determined to be 7. At a lower pH, both hydrogen and crystal violet ions 

fight for adsorption, resulting in less adsorption. As the pH rises, the number of OH - ions in the 

solution rises, resulting in an electrical attraction between the positive crystal violet ions and the 

negative ions on the adsorbent, increasing the percent of adsorption. 

 

 
Fig- 13Effect of pH for adsorption of crystal violet using PG-FeNps 

 

3.7 Effect of initial concentration of aqueous dye solution (Ci ): 

The impact of the initial dye concentration on the removal of Crystal violet dye from the solution was 

investigated through experiments. Figure 14 shows the percent dye removal and dye uptake as a 

function of initial dye concentration. The dye absorption rose as the original dye concentration grew, 

but the proportion of dye removed dropped as the initial dye concentration increased, as seen in the 

graph. With an increase in the initial dye concentration (from 10 to 100 mg/L), the driving forces, i.e. 

concentration gradient, rise, resulting in an increase in dye absorption. However, for PG-FeNP, the 

percentage of dye removed decreased from 98 to 80.8 percent. Although there was an increase in dye 

absorption, the decrease in percentage removal might be due to a shortage of surface area to tolerate 

much more dye in the solution. The proportion elimination of dye at higher concentration levels is 

falling, whilst the equilibrium intake of dye is increasing. Because all dye in the solution could interact 

with the binding sites at lower concentrations, the percentage of dye removed was greater than at 

higher starting dye concentrations. The saturation of adsorption sites causes reduced adsorption yield 

at increasing concentrations. 

 

 
Fig-14.Initial concentration for adsorption of crystal violet using PG-FeNps 
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3.8 Effect of Temperature (K): 

The adsorption of crystal violet by PG-FeNP at various temperatures revealed that as the temperature 

was raised, the adsorption capacity decreased. The adsorption process is influenced by temperature in 

two ways. The equilibrium capacity of the adsorbent for a given adsorbate will change as the 

temperature changes. Batch tests at four constant temperatures: 303, 308, 313, and 318 K were used 

to evaluate the influence of temperature. For the initial concentration of 20mg/L, the percent removal 

increased from 98.0 percent to 99.2 percent as the temperature was raised, as shown in Fig 15. This 

shows that the adsorption reaction is exothermic. 

 

 
Fig-15 Effect of Temperature for adsorption of crystal violet using PG-FeNps 

 

4. Conclusion: 

 

For the elimination of crystal violet, which is employed as a colouring agent and disinfectant in 

pesticides, a simple, quick, and environmentally acceptable process is utilised to synthesis FeNPs 

using Psidium gujava leaf extracts. The removal of Crystal violet dye using PG-FeNP as an adsorbent 

yielded experimental results. The data were analysed for a variety of experimental runs. The following 

findings are drawn from the analysis. Agitation period, starting dye concentration, pH, adsorbent dose, 

and temperature all had a significant impact on adsorption efficacy. With increasing contact time, the 

% adsorption of Crystal violet increases. With an increase in adsorbent dose, equilibrium absorption 

dropped and percentage adsorption rose. The graph of pH vs % dye removal revealed that substantial 

adsorption occurred at a pH of 7. With an increase in the starting dye concentration, the percentage 

adsorption of Crystal violet was reduced, while dye absorption was significantly enhanced. The % 

adsorption of Crystal violet rose when the temperature was raised. As a result, this implies that this is 

a physisorption process. The current study aided in the discovery of a novel source of adsorbent for 

the removal of dye from effluent waste with low dye concentrations. 
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