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ABSTRACT 

Objective: The discharge of these synthetic food dyes, such as sunset yellow and tartrazine, into industrial wastewater can lead to significant 
environmental and health issues. Its removal through effective adsorption presents an economical and efficient solution. Hence this study proposed 
to fabricate metal nanoparticles for the adsorption of carcinogenic dyes. 

Methods: The fabrication of iron and zinc nanoparticles employed the green synthesis methodology, utilizing an aqueous extract of Diospyros 
chloroxylon (Roxb.) as a reducing agent. The fabricated nanoparticles were characterized using TEM (Transmission Electron Microscopy), EDX 
(Energy-Dispersive X-ray Spectroscopy), SEM (Scanning Electron Microscopy), FTIR (Fourier-Transform Infrared Spectroscopy), and UV-Visible 
Spectroscopy. The nanoparticles were studied for its efficiency for the adsorption of carcinogenic dyes such as tartrazine and Sunset Yellow.  

Results: The iron nanoparticles were noticed to be uniformly distributed rod-shaped particles having smooth surfaces with 23-51 nm size range 
and an average particle size of 34 nm. Whereas the iron nanoparticles were noticed to be uniformly distributed spherical to oval shape with 35 nm 
to 68 nm size range and an average particle size 53 nm. The XRD results confirm that the iron nanoparticles were rhombohedral  phase structure 
with 71.91 % of elemental iron whereas the zinc nanoparticles were noticed to be hexagonal Wurtzite phase structure having 69.4 % of metallic 
zinc. These synthesized nanoparticles were applied for the removal of sunset yellow and tartrazine dyes were investigated and found more than 90 
% was removed. Adsorption isotherm study was best fitted with Langmuir model, and the maximal adsorption capacity was found to be 52.18 and 
75.04 mg/g for sunset yellow using iron and zinc nanoparticles, whereas tartrazine maximum adsorption capacity was noticed to be 69.96 and 
84.24 mg/g for iron and zinc nanoparticles. The adsorption reaction follows pseudo-first-order kinetics with high correlation coefficient. Repeated 
cycles of regeneration, reuse and stability showed very high removal efficiency and stability.  

Conclusion: The biosynthesis of metal nanoparticles demonstrates substantial promise for applications in environmental protection.  
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INTRODUCTION 

Dyes represent significant contaminants across various industries, 
including textiles, food production, paper manufacturing, paints, 
pharmaceuticals, and more. This is a critical concern as, in many 
instances, these dyes are directly discharged into wastewater, 
leading to both environmental and aesthetic pollution [1]. Dyes can 
be categorized into three main groups based on their behavior in 
aqueous solutions: anionic (including azoic, acid, direct, and reactive 
dyes), cationic (basic dyes), and nonionic (disperse dyes) [2]. 

Sunset yellow and tartrazine are prevalent azo dyes frequently 
incorporated into beverages and food items like soda, fruit juices, 
confectionery, and cakes. These dyes rank as the second and third 
most commonly used color additives in numerous beverage 
products [3]. Notably, they exhibit considerable resistance to factors 
like light, oxygen, and pH variations, making them an attractive 
choice for manufacturers. Additionally, they are more cost-effective 
than natural dyes. However, it is important to note that sunset 
yellow and tartrazine are associated with potential mutagenic and 
carcinogenic properties due to the presence of azo groups [4]. In 
light of this concern, certain northern European countries, including 
Finland and Norway, have already imposed bans on the use of sunset 
yellow as a precautionary measure [5]. 

A majority of the dye species found in textile wastewater are azo 
dyes, comprising more than half of the total [6]. The treatment of azo 
dyes presents unique challenges due to the presence of sulfonic acid 
groups, which render the dyes polar and highly soluble in water. 
Consequently, traditional methods like adsorption onto activated 
carbon with nonpolar surfaces are ineffective. Instead, it becomes 
necessary to focus on the degradation of these dyes and the 

subsequent removal of their degradation products, particularly 
aromatic amines, through adsorption techniques. 

Various techniques encompassing physical, chemical, and biological 
processes have been employed for the remediation of contaminated 
water [7]. Regrettably, many of these methods suffer from high costs 
and limited removal efficiency. In particular, when it comes to the 
removal of industrial dyes, researchers have explored physical and 
chemical strategies, such as Fenton's reagent, electrochemical 
processes, adsorption materials, and catalytic reductive approaches 
[8]. Fenton's reagent stands out as an effective means of decolorizing 
both soluble and insoluble dyes, although it generates sludge as a 
byproduct [9]. Electrochemical destruction, while proficient at 
breaking down dye compounds into nonhazardous forms, is 
constrained by the elevated cost of electricity [10]. Activated carbon, 
known for its dye removal capabilities through adsorption, presents 
the drawback of requiring regeneration, incurring a loss of carbon, 
and raising overall expenses [11]. 

More recently, green nanoparticles have gained prominence in 
water treatment due to its non-toxic, cost-effective, and 
environmentally friendly nature [12]. The high dye reduction 
efficiency of nanoparticles was due to its high specific surface area, 
small particle size, and reactivity [13]. In view of this, this study 
intended to synthesize iron and zinc nanoparticles utilizing leaf 
extract of Diospyros chloroxylon (Roxb.) as reducing and capping 
agent. The characterization of Diospyros chloroxylon mediated iron 
and zinc nanoparticles was conducted with different 
characterization techniques. Further, the synthesised zinc 
nanoparticles were applied as catalyst for the removal of 
carcinogenic yellow azo dyes such as sunset yellow and tartrazine in 
an aqueous solution. 
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MATERIALS AND METHODS 

Collection of plant material 

Leaves from the Diospyros chloroxylon (Roxb.) plant were gathered 
within the Addateegala forest, located in the East Godavari district of 
Andhra Pradesh. The collected plant sample was authenticated at 
department of Botany, SRR and CVR Government Degree College (A) 
Vijayawada with plant authentication number SRR-CVR/2022-
23/Bot/14. To ensure their cleanliness, the collected leaves 
underwent a meticulous cleaning process involving the removal of 
sand and dirt using sterile cotton and subsequent rinsing with 
distilled water. Afterward, any residual water droplets on the 
cleaned leaves were carefully removed using tissue paper. The plant 
material was then finely chopped into small pieces before being 
gently dried in the shade. Finally, the dried leaf material was 
carefully stored separately for future use. 

Extractions of plant materials 

Precisely 10 grams of plant powder were meticulously measured 
and placed into a 250 ml beaker already containing 100 ml of 
double-distilled water. The mixture of plant material and water was 
then subjected to boiling on a hot plate, maintaining a temperature 
of 40 °C for a duration of 80 min. This process effectively facilitated 
the extraction of the plant's phytochemical constituents into the 
aqueous solvent. Following the extraction, the resultant extract 
underwent filtration, with any remaining plant material settling as 
sediment and being subsequently discarded. The transparent 
filtrate, devoid of any particulate matter, was then adjusted to a final 
volume of 100 ml by adding additional distilled water. This clear 
filtrate was utilized for the fabrication of nanoparticles [14]. 

Synthesis of zinc nanoparticles 

The aqueous leaf extract and zinc acetate solution in 10:90 (v/v) was 
mixed and the homogenous mixture was prepared by stirring the 
solution in a magnetic stirrer for 4 h without heating. Then 20 ml of 
ethanolic sodium hydroxide solution was added and stirred for 5 
min. The precipitate at the bottom of the flask was collected by 
removing the excess mother liquid and then obtained precipitate 
washed with excess distilled water to remove the extract particles 
on the precipitate [15]. Then the precipitate was purified by heating 
at 300 °C for 45 min in a muffle furnace. The obtained particles were 
preserved for further study.  

Fabrication of iron nanoparticles 

The aqueous extract was prepared by heating 100 g/l leaves until 
boiling and continued for 1 h at 50 °C. After settling, the extract was 
filter through whatman filter paper (No 1 grade) with a vacuum 
filtration kit. In a separate volumetric flask, aqueous leaf extract and 
0.10 M metal precursor solution (19.9 g of FeCl2·3H2O in 1L water) 
were mixed in 6:4 (v/v) and 8:2 (v/v). In continuation, the pH of the 
mixture was bring to 6.0 using an aqueous NaOH (1.0 M) solution. 
The nanoparticles formed in the reaction mixture were collected by 
centrifugation followed by heating in a hot plate and then by drying 
in a fume hood [16, 17]. 

Characterization 

The synthesized zinc nanoparticles underwent a comprehensive 
characterization using a suite of analytical techniques, including 
TEM, EDX, SEM, FTIR, and UV-visible spectroscopy. The initial 
formation of nanoparticles was noted through a noticeable colour 
change during the initial reaction. This change in colour was further 
confirmed using UV-Visible Spectral Analysis, which was carried out 
using the Double Bean UV-Visible Spectrophotometer from JASCO 
(Japan) and scanning across the 800–300 nm range. FTIR analysis 
was conducted on a Bruker (USA) instrument, covering the spectral 
range of 500-4000 cm-1. This analysis aimed to identify the 
phytochemical groups responsible for nanoparticle formation. TEM 
analysis was conducted using the Jeol JEM 2100 instrument from 
Japan, operating at 120 keV. Before analysis, the nanoparticles 
underwent a thorough methanol wash and were then mounted on 
copper grids coated with carbon. For SEM analysis and elemental 
composition evaluation, the Jeol 6390LA SEM instrument, coupled 
with OXFORD XMX-N EDX, was employed. The instrument, utilizing a 

Tungsten lamp, operated at an accelerating voltage ranging from 0.5 
to 30 kV. The nanoparticles were affixed to carbon adhesive tapes 
and supported on metal disks, with images and elemental 
composition data recorded at various magnifications. XRD analysis 
was carried out using the Bruker D8 Advance EDX instrument, 
operating with an energy resolution of<380 eV at 8 KeV and 
employing Cu Kα radiation as the source. To prevent sodium 
chloride crystallization, the nanoparticles underwent multiple 
ethanol washes prior to analysis. Scanning was performed over a 2θ 
range of 20-100 degrees.  

Adsorption methodology 

To initiate the experiments, stock solutions of tartrazine and sunset 
yellow dyes were prepared at a concentration of 0.5 g/l separately in 
distilled water. Subsequently, these stock solutions were further 
diluted to desired concentrations during the experimental study. 
The absorbance values of both dyes were determined using UV 
spectrophotometer. The adsorption experiments were conducted at 
room temperature and were carried out using an automatic shaker 
to ensure consistent reactions. Various experimental parameters, 
including dosage, contact time, initial dye concentration, pH levels, 
the presence of interfering salts, and variations in temperature vas 
varied. In each experiment performed, the adsorption capacity 
equilibrium (qe) and metal removal (R in %) which were calculated 
for both nanoparticles using formula:  

qe = 
Ci−Ce ×V

m
 ----------------------- eq. 1 

R (%) = 
Ci−Ce ×V

Ci
× 100 ----------------------- eq. 2 

Where Ci = metal ion initial concentration; Ce = metal ion 
equilibrium concentration; V = volume of metal solution in L and m = 
weight of nanoparticles taken as adsorbent. 

Adsorption kinetic studies 

The investigation of adsorption kinetics stands as a pivotal aspect in 
the rational design of industrial adsorption processes. The dye 
reduction efficiency kinetics of synthesised nanoparticles was 
conducted in a series of experiments conducted within 250 ml 
Erlenmeyer flasks. Each flask contained 0.2 grams (equivalent to 2 
g/l) of nanoparticles, combined with a 100 ml dye suspension 
containing dyes at their respective required concentrations, all 
adjusted to their optimum pH and temperature conditions. 

These suspensions were maintained at a constant temperature of 
30±0.2 °C while being agitated at 200 rpm using a shaker. Samples 
were collected at various time intervals until equilibrium was 
reached. Subsequently, these samples were subjected to analysis, 
and the percentage removal of dye or metals was determined 
utilizing Equation (2). 

To gain insights into the dynamics of dye adsorption by synthesized 
nanoparticles, we conducted a kinetic study employing both the 
Lagergren pseudo-first-order and chemisorption's pseudo-second-
order kinetics models. The Lagergren pseudo-first-order equation as 
follows: 

(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝐾1 𝑡 ----------------------- eq. 3 

This equation served as a basis for the evaluation of the adsorption 
kinetics. In the equation 𝑞𝑡 (mg/g⁻¹) represents the adsorption 
capacity of at a given time’t’ and 𝑞𝑒 (mg/g) is the adsorption 
capacity at equilibrium (mg/g), 𝐾1 (min⁻¹) stands for the pseudo-
first-order rate constant. 

The pseudo-second-order kinetic model can be expressed in its 
linear form as follows: 

t/qt = 1/K2q2e+t/qt- ---------------------- eq. 4 

Where 𝐾2 represents the pseudo-second-order rate constant in g 
mg−1 min−1. 

Adsorption isothermal study 

The equilibrium concentrations, along with their corresponding 
adsorption efficiency were utilized to construct adsorption 
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isotherms. These isotherms were generated in the concentration 
range of 5-100 mg/l for both dyes and experiments were conducted 
under their respective optimal pH and temperature conditions. All 
other parameters and sample analyses were carried out in 
accordance with the previously described methods. The equilibrium 
concentration of adsorbed metal (𝑞𝑒) was determined using 
equation 1. 

The adsorption isotherm represents the relationship between the 
quantity of a substance adsorbed per unit mass of adsorbent at a 
constant temperature and its concentration in the equilibrium solution. 
The Langmuir and Freundlich isotherms are the two most commonly 
utilized models to depict data on adsorption from a solution. 

Langmuir isotherm 

The Langmuir isotherm is relevant when the adsorption of the 
adsorbate is constrained to a single layer on the surface of the 
adsorbent. The linear representation of the Langmuir isotherm is 
expressed by the following equation:  

Ce/qe = 1/KL. Q0+Ce/Q0 ----------------------- eq. 5 

The potential for the adsorption process can be accessed through the 
separation factor (RL), which can be computed using the following 
equation:  

RL = 1/1+KLC0- ---------------------- eq. 6 

Where 𝐾𝐿 represents Langmuir constant and 𝐶0= is the 
concentration of dye solution prepared. RL indicates the isotherm to 
be unfavorable (RL>1), linear (RL=1), irreversible (RL=0) or 
favorable (0<RL<1). 

Freundlich isotherm 

The empirical Freundlich model, which describes adsorption on a 
heterogeneous surface, is expressed by the following equation:  

𝑞𝑒 = 𝑙𝑛 𝐾𝐹+
1

n
lnce- ---------------------- eq. 7 

Where KF represents Freundlich constants related expressed in 
mg/g and n represents adsorption favorability  

Stability and recyclability of nanoparticles 

The stability of synthesized nanoparticles was evaluated chemically 
by mixing 0.1 g of synthesized nanoparticles with 200 ml of aqueous 
solution at wide pH range i. e from 2.0 to 10. Then the reaction 
mixture was kept in an orbital shaker for 24 h at 75 °C. The zinc ions 
dissolved in the solution was evaluated using atomic absorption 
spectrophotometer.  

The recyclability of the synthesized nanoparticles plays a significant 
role as the particles were recyclable, it will reduce the experimental 
cost. The nanoparticles, after completion of metal reduction study, 
were washed with 0.01 M hydrochloric acid EDTA separately and 
then washed several times with distilled water. The particles were 
dried 24 h at 60 °C and then were utilized for adsorption study and 
the same procedure was repeated for 5 times and based on the 
results, the reusability was evaluated.  

RESULTS AND DISCUSSION 

During the nanoparticle synthesis process, a striking transformation 
in the color of the leaf extract was observed due to the reaction with 
the metal solution. The observed color change was further 
quantified instrumentally using a spectrophotometer across the 
wavelength range of 800-300 nm, whereas the absorption spectra of 
the aqueous leaf extract was measured within the scan range of 800-
200 nm.  

Notably, the UV scanning spectra of the synthesized iron and zinc 
nanoparticles exhibited highly intense absorption maxima at 567 nm 
and 381 nm, respectively, suggest the formation of nanoparticles. 
The UV absorption maxima noticed for the synthesized iron and zinc 
nanoparticles was well correlated with the findings reported in 
literature [18-22]. These spectral changes strongly suggest the 
active involvement of biomolecules within the leaf extract of D 
chloroxylon in the process of nanoparticle formation. 

  

 

A      B 

Fig. 1: UV-visible absorption spectra of iron (A) and zinc (B) nanoparticles synthesised using aqueous leaf extract of D chloroxylon 

 

The involvement of various bioactive chemical constituents 
during the fabrication of nanoparticles was confirmed by FTIR 
analysis. The FTIR results confirm the presence of plant-based 
functional groups such as flavonoids, phenolic compounds and 
alkaloids that are actively involved in the formation of both iron 
and zinc nanoparticles. The SEM analysis both iron and zinc 
nanoparticles was performed to evaluate the surface 
morphology. The iron nanoparticles were noticed to be 
uniformly distributed rod-shaped particles having smooth 
surfaces with 23-51 nm size range and an average particle size of 
34 nm. Whereas the iron nanoparticles were noticed to be 
uniformly distributed spherical to oval shape with 35 nm to 68 
nm size range and an average particle size 53 nm. The XRD 

results confirm that the iron nanoparticles were rhombohedral 
phase structure with the correlation of standard JCPDS card no 
33-0664 whereas the zinc nanoparticle were noticed to be 
hexagonal Wurtzite phase structure of the particles in correlation 
with the standard JCPDS card no 89-0510. The crystal structure 
was in correlation with the findings reported in literature [23,  24]. 
The elemental analysis using EDX suggest that the iron 
nanoparticles contains 71.91 % of elemental iron whereas the zinc 
nanoparticles were noticed to be having 69.4 % of the metallic 
zinc. Based on various characterization studies, it was confirmed 
that the synthesized iron and zinc particles were in nano size with 
high purity. The characterization results were presented in fig. 2 
and 3 for iron and zinc nanoparticles, respectively. 
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A) SEM      B) XRD 

  

C) TEM       D) EDX 

Fig. 2: Structural characterization of synthesized iron nanoparticles 

 

 

A) SEM       B) EDX 

 

C) TEM       D) XRD 

Fig. 3: Structural characterization of synthesized zinc nanoparticles 



C. N. Rao & M. Sujatha 
Int J App Pharm, Vol 16, Issue 1, 2024, 296-305 

300 

Adsorption study 

The dye adsorption efficiency of the synthesized iron and zinc 
nanoparticles were evaluated by optimizing various experimental 
conditions such as concentration of dye, dose of adsorbent, time of 
adsorption, pH of solution and agitation rate. All the experiments 
were performed in triplicate and results were presented as 
mean±standard deviation. 

The pH influence on the adsorption of sunset yellow and tartrazine 
by synthesized nanoparticles was assessed in 2-8 pH ranges. The 
maximum contact time of 120 min, average reaction mixture 
agitation rate of 100 rpm with 0.5 g/l of adsorbent dose was studied 
for optimization of pH of the reaction mixture. Based on results as 
shown in fig. 4A, it was observed that, on increase in the pH of the 
reaction mixture from 2 to 8 the removal efficiency was increased 
till neutral pH i. e 7 and then decreased at pH 8 for both dyes using 
both iron and zinc nanoparticles. The maximum adsorption of sunset 
yellow was noticed at pH 6 with a % adsorption of 84.46 % using 
iron nanoparticles and 81.46±0.36 % at pH 7 using zinc 
nanoparticles. Whereas tartrazine high % adsorption was noticed at 
pH 7.0 with 86.79±0.47 % and 89.19±0.41 % adsorption at pH 7.0 
using synthesized iron and zinc nanoparticles, respectively. 

The reaction mixture agitation rate of 25 to 150 rpm was studied for 
evaluating the dye adsorption efficiency of synthesized 
nanoparticles. Based on results as shown in fig. 4B, it was observed 
that the dye removal efficiency of both nanoparticles was very low at 
a low agitation rate and then goes on to increase with increase in the 

agitation rate up to 100 rpm for both dyes. The agitation rate of 125 
and 150 rpm, the % adsorption was noticed to be decrease and 
hence 100 rpm was selected as optimized agitation rate for the 
adsorption of dyes using synthesized iron and zinc nanoparticles.  

The influence of adsorbent dose on adsorption of sunset yellow and 
tartrazine was studied with a dose of 0.25 to 1.0 g/l under fixed 
contact time, optimized pH and agitation rate. The relation of 
adsorbent dose with dye adsorption efficiency was presented in fig. 
4C. The maximum adsorption of sunset yellow was noticed with an 
adsorbent dose of 0.5 and 0.75 g/l with an adsorption efficiency of 
76.68±1.01 % and 79.26±0.85 %, respectively, using iron and zinc 
nanoparticles as adsorbent. Whereas the maximum adsorption of 
tartrazine was noticed with an adsorbent dose of 0.75 and 0.50 g/l 
with an adsorption efficiency of 86.43±1.32 % and 73.63±1.17 %, 
respectively, using iron and zinc nanoparticles as adsorbent. The 
outcomes clearly demonstrate that an increase in the adsorbent 
dosage leads to a proportional enhancement in the removal 
efficiency of dyes. Beginning at 0.25 g/l with increments of 0.25 g/l, 
the dosage was progressively increased and results showed a 
consistent increase in removal efficiency until it reached the optimal 
dosages. The heightened percentage of adsorption with an increased 
adsorbent dose can be attributed to the expanded surface area of the 
adsorbent and the availability of more adsorption sites. However, 
the rate of adsorption began to decline as the adsorbent dose 
continued to increase beyond the optimal value. This decline is 
primarily due to the overlap of adsorption sites, resulting from an 
overabundance of adsorbent particles. 

 

 

AB 

 

CD 

Fig. 4: Optimization of experimental parameters for the adsorption of dyes, A) pH of the reaction mixture; B) agitation rate of the reaction 
mixture; C) concentration of dye solution; D) dose of nano adsorbent 

 

The optimal time that shows maximum adsorption was evaluated with a 
range of adsorption time of 15-90 min by maintaining optimized 
reaction mixture pH, agitation rate, dye strength and dose of nano 
adsorbent. The quantity of dye adsorbed was evaluated using a UV-visible 

spectrophotometer. Fig. 5 displays the UV-visible absorption spectra of dye 
solutions, encompassing both untreated and nanoparticle-treated samples. 
The illustration distinctly illustrates a significant decline in dye 
concentration, signifying a reduction within the aqueous dye solution. 
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A     B 

 

C     D 

Fig. 5: Overlay UV scaaning spectra identified in the dye adsorption study 
 

The contact time versus adsorption of sunset yellow and tartrazine 
using synthesised iron and zinc nanoparticles was presented in fig. 
6. The sunset yellow adsorption was noticed at a % of 67.91 and 
84.56 using synthesized iron and zinc nanoparticles as adsorbent 
respectively with in short period of 45 min. Whereas at this time, the 
tartrazine adsorption was noticed to be 54.32 % and 69.58 
respectively, using iron and zinc nanoparticles as adsorbent. This 
evidence that the process of dye adsorption initiated with the rapid 

adsorption of dye onto the surface of nanoparticles. This initial 
phase of adsorption gradually decelerates once most of the available 
active sites become saturated. The adsorption of sunset yellow at 75 
min contact time was noticed to be 89.74 % and 91.25 %, whereas 
tartrazine adsorption was noticed to be 87.34 % and 92.25 %, 
respectively, using iron and zinc nanoparticles. This study suggests 
that the nanoparticles possess high adsorption efficiency towards 
carcinogenic dyes in the study. 

 

 

A       B 

Fig. 6: Results observed during adsorption study of sunset yellow (A) and tartrazine (B) dyes using synthesized nanoparticles 
 

Adsorption isotherm model 

We subjected the adsorption data of sunset yellow and tartrazine to 
fitting with two distinct isotherm models such as Langmuir and 
Freundlich. This was done to establish a correlation between our 
experimental findings and these models. The model that provided 
the best fit to the data exhibited an exceptional correlation 

coefficient (R²) equal to unity. The Langmuir isotherm model posits 
that adsorption entails a monolayer formation process, wherein 
each active site accommodates one dye ion, and all these sites are 
energetically equivalent, with no interaction among adsorbed ions. 
Our results demonstrated that the experimental data for the 
adsorption of dye on synthesized iron and zinc nanoparticles 
exhibited a strong fit with the Langmuir isotherm model.  
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The correlation coefficient noticed in Langmuir isothermal graph was 
noticed to be very close to 1 suggesting that the monolayer adsorption 
was favorable in the study. The qmax (mg/g) was noticed to be very high 
for the studied dyes suggest that the process shows maximum 
adsorption efficiency. According to this isotherm, the concentration of 
ions adhering to the sorbent surface escalates as the adsorbent 
concentration rises, potentially allowing for the formation of multiple 

layers. When the adsorption intensity (n) surpasses one, it signifies the 
ease of isolating ions from the solution and, consequently, the 
feasibility of the adsorption process. The isothermal parameters 
calculated for adsorption study of sunset yellow and tartrazine using 
synthesized iron and zinc nanoparticles was tabulated in table 1. The 
Langmuir and Freundlich isothermal graphs for observed in the study 
were presented in fig. 7 and 8, respectively. 

 

 

 

Fig. 7: Langmuir isotherm model for the reduction of sunset yellow and tartrazine using synthesized iron and zinc nanoparticles 

 

 

 

Fig. 8: Freundlich isotherm model for the reduction of sunset yellow and tartrazine using synthesized iron and zinc nanoparticles  
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Table 1: Isotherm model parameters for the adsorption sunset yellow and tartrazine using synthesized iron and zinc nanoparticles 

S. No. Equilibrium model Parameter Iron nanoparticles Zinc nanoparticles 
Sunset yellow Tartrazine Sunset yellow Tartrazine 

1 Langmuir qmax (mg/g) 52.18 69.96 75.04 84.24 
KL (L/mg) 0.00232 0.00053 0.00033 0.00087 
R2 0.9984 0.9996 0.9995 0.9986 

2 Freundlich KF (L/mg) 1.0589 0.9942 1.0737 1.0596 
R2 0.9955 0.9961 0.9926 0.9953 

 

Kinetics of adsorption 

The dye adsorption process using synthesized nanoparticles was 
evaluated using two different kinetic models i. e pseudo first order 
and pseudo second order models. The fitting results notably 
demonstrated a remarkable concurrence with the first-order model, 
as evidenced by the calculated correlation coefficient values. 
Furthermore, the application of the pseudo-first-order model 
yielded calculated adsorption capacities (qe) that closely matched 
the experimental values (as displayed in table 4), showcasing a 

perfect linear relationship across the entire range of dye 
concentrations. This exemplary fit to the first-order model suggests 
a kinetic mechanism in which both the dye ions and the adsorbent 
surface play essential roles, with the rate-determining step involving 
electron exchange between these two entities. The second order rate 
constant for the dye reduction study was noticed to be negative, 
suggests that the reaction doesn’t follow second order and hence 
confirm that the adsorption follows pseudo-first order kinetics. The 
kinetic parameters were tabulated in table 2 and pseudo-first order 
kinetic plots were presented in fig. 9. 

  

 

 

Fig. 9: Pseudo-first order kinetic plots observed during the dye reduction study of synthesised nanoparticles 

 

Table 2: Dye adsorption kinetic models of synthesized nanoparticles 

S. No. Kinetic order Parameter Iron nanoparticles Zinc nanoparticles 

Sunset yellow Tartrazine Sunset yellow Tartrazine 

1 First  K1 6.34× 10-5 2.15 × 10-5 1.21 × 10-4 1.38 ×10-5 

qe (mg/g) 2.626 0.472 0.926 1.825 

R2 0.996 0.997 0.987 0.990 

2 Second K2 -0.110 -1.418 -0.0468 -0.064 

qe (mg/g) 2.626 0.472 0.926 1.825 

R2 0.998 0.999 0.987 0.996 
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Stability and recyclability of nanoparticles 

The chemical stability of the zinc nanoparticles synthesized in this 
study was evaluated across a pH range from 2.0 to 10. In the stability 
analysis, the metal content of the nanoparticles was compared to 
those synthesized in our study, and the percentage of stability was 
calculated. Fig. 10A illustrates that the synthesized nanoparticles 
maintained stability across the tested pH concentrations. 

Assessing the reusability of the prepared nanoparticles was crucial for 
cost-effective analysis. In the initial cycle, the iron nanoparticles 
displayed impressive reusability rates of 98.59±0.58 and 99.21±0.37 

% for the adsorption of sunset yellow and tartrazine, whereas the zinc 
nanoparticles exhibit 98.76 % and 98.45 % stability for the adsorption 
of sunset yellow and tartrazine respectively. As the cycles progressed, 
there was a slight decline in reusability, with rates of 95.81±0.93 and 
97.25±0.87 % for the adsorption of sunset yellow and tartrazine 
whereas the zinc nanoparticles exhibit 95.23±1.32 % and 94.32±0.93 
% observed at the fifth cycle (fig. 9B). This gradual decrease in 
efficiency may be attributed to the reduced availability of active sites 
within the nanoparticles due to the blockage of these sites by dye ions. 
In summary, the nanoparticles exhibited notable reusability with 
consistently high levels of adsorption efficiency. 

 

 

A       B 

Fig. 10: Comparative stability and recyclability results of nanoparticles in the study, A) Stability of nanoparticles at various pH ranges; 
recyclability of nanoparticles B) Results presented in graph are the average of three replicate experiments  

 

The outcomes obtained in this research were correlated with 
diverse adsorbents documented in the literature. In literature, 
Chukwuemeka et al., 2021 [25] utilized Cassava sievate biomass 
derived nano carbon for the reduction of dyes and reported qmax of 
22.40 mg/g and 30.06 mg/g, respectively for sunset yellow and 
tartrazine. Takdastan et al., 2020 [26] reported qmax of 46.7 mg/g 
using persulfate-based magnetic Fe3O4, Ghaedi et al., 2012 [27] 
reported qmax of 19.94 mg/g using cadmium telluride nanoparticles 
loaded on activated carbon and Marzbani et al., 2022 [28] studied 
commercial magnesium oxide nanoparticles and produce qmax of 1.55 
mg/g for the reduction of sunset yellow dye. Zandipak et al., 2016 [29] 
studied the effectiveness of NiFe2O4 nanoparticles fabricated using co-
precipitation method for the reduction of sunset yellow and tartrazine 
and produce qmax value of 7.12 mg/g and 6.33 mg/g, respectively. The 
tartrazine reduction study conducted by Srivastava et al., 2015 [30], 
Goscianska et al., 2015 [31] and Rad et al., 2020 [32] using various 
nanoparticles and reported qmax value of 32.60 mg/g, 27.18 mg/g and 
19.81 mg/g respectively. The reported values were in correlation with 
the findings achieved in this study and confirm that the nanoparticles 
produced in this study exhibit effectiveness as an adsorbent for the 
removal of the investigated dyes. 

CONCLUSION 

This study presents the potential application of Diospyros chloroxylon 
(Roxb.), biogenically synthesized iron and zinc oxide nanoparticles as a 
highly effective nano-adsorbent for the decontamination of 
carcinogenic dyes such as sunset yellow and tartrazine. The study 
investigates the impact of various factors, including pH, contact time, 
temperature, and adsorbent dosage, on the removal of dyes and dyes, 
and these parameters are optimized for the process. Notably, the 
adsorption isotherms of iron and zinc nanoparticles for both dyes are 
found to be best described by the Langmuir model with maximum 
adsorption capacities. Hence, the nanoparticles synthesized in this 
study can exhibit outstanding adsorption and regenerative 
capabilities, making them a promising and suitable solution for the 
removal of toxic carcinogenic pollutants in water.  
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