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Abstract: This work has examined the efficaciousness of iron nanoparticles made from tea waste extract in the elimination
of Eriochrome black T (EBT) dye. Field emission gun scanning electron microscopy (FEG-SEM) with EDAX, High-
resolution transmission electron microscopy (HR-TEM), X-ray diffraction (XRD), and FTIR spectroscopy were used to
evaluate the synthesized iron capped nanoparticles. Iron nanoparticles seemed amorphous, according to the X-ray diffraction
patterns. The spherical form of the Fe NPs was discernibly shown by scanning electron microscopy. Particle size of Fe NPs
is found to be in the 3040 nm range using transmission electron microscopy (HR-TEM). Additionally, research was done
on the deterioration of the Eriochrome black T pigment (EBT). It was investigated how several experimental factors, such as
the amount of adsorbent, pH, dye concentration, and contact duration, affected the pace of reaction in order to determine the
ideal conditions for dye degradation. There are pseudo-first-order kinetics involved in the adsorption of the dye Eriochrome
black T (EBT). At a pH of 3, 50 ppm of Eriochrome Black T (EBT) dye concentration, and 0.60 g of adsorbent, the dye
degradation was observed to exhibit optimized results. The highest dye elimination was accomplished by stirring for 90

minutes at a Room temperature.
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1 Introduction

One of the main issues facing the modern world is
environmental pollution. The textile industry spends a lot of
time dying fabrics, which at various points during the dyeing
and finishing processes contaminates a lot of water with
dyes. Dyes are used in a number of different industries,
including food processing, leather, paper, pulp mills,
cosmetics, and printing [1]. An estimated 10,000 distinct
types of dyes are produced annually by 7.0x105 tonnes of
various enterprises globally. During the dyeing process,
between 1 and 15% of these colours are lost as effluents [2].
Dyes, or synthetic colourants made from organic sources,
have been connected to mutagenic and carcinogenic
consequences [4], as well as surface and groundwater
pollution [3]. Because certain artificial colours don't
decompose naturally, they can be extremely dangerous to
aquatic life. By obstructing sunlight, they can lower the
quantity of photosynthetic activity in water plants. This state
may impair the re-oxygenation of the water, which might
impede the proper development of aquatic organisms [5].
Azole dyes account for more than 70% of all synthetic dyes
used by the global dyeing industry. A reactive azo dye's
molecular structure has one or more azo groups (-N=N-) that
serve as chromophores [6]. Furthermore, even at low
concentrations, the majority of synthetic dyes are made up

of molecules with an azo group, which are resistant to heat,
light, chemicals, and microbial destruction [7].
Consequently, it is now imperative to ecliminate these
synthetic dyes prior to discharging spent industrial
wastewater into the water system. Many attempts have been
undertaken to remove dyes from wastewaters using
commonly used techniques such photocatalytic degradation
[8,9], photo-Fenton reaction [10], biodegradation, solvent
extraction, coagulation, precipitation, membrane filtering,
and advanced oxidation processes [11,12]. Because of their
larger surface area and enhanced adsorption capacity,
nanoparticles (NPs) have been assumed to be the most
effective adsorbents [13]. Iron-based nanoparticles, or Fe-
NPs, have been used in groundwater treatment and the
cleanup of previous sites recently because to their larger
surface area and high efficiency [14]. Fe-NPs can be easily
made by physical and chemical processes, but these
approaches have limitations that are not discussed in this
work, such as the need for dangerous substances like sodium
borohydride (NaBH4) and the usage of organic solvents,
dispersions, stabilising agents, and stabilising agents. An
increasing number of studies are synthesizing Fe-NPs from
waste tea extract in an economical and environmentally
benign manner [16]. Among the conventional methods used
to remove dyes from wastewater are photocatalytic
degradation [17-22], biological treatment [23-25], chemical
coagulation [24-26], cation exchange membranes [25-27],
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electrochemical degradation [26-27], chemical-biological
degradation, photo-Fenton reaction [28-29], and advanced
oxidation process [29]. While these methods yield positive
results, the preparation and execution of the materials need a
significant amount of labour. Moreover, a number of
secondary pollutants that are more dangerous than the initial
chemical are produced during photocatalytic breakdown,
such as various oxidative intermediates. Conversely,
adsorption processes are simpler, easier to implement, and
easier to carry out on a large scale. Previous research has
looked at the production of magnetic nanoparticles from tea
debris and their application in the removal of arsenic and
nickel from aqueous solutions [30, 31]. The present study, in
contrast to prior studies, used Fe-NPs generated from
discarded tea extracts to remove PR from an aqueous
solution. Recently, plant extracts [32—38], black tea, green
tea leaves, and waste tea [30, 39, 40] have all been used to
produce iron nanoparticles. All of the study, however, was
built around the creation of Fe-nanoparticles using waste tea.
A very successful attempt was made in the current study to
use waste tea for the first time in the synthesis of Fe-NPs.

This study looks at how iron nanoparticles made from Waste
tea extract may remove the color Eriochrome black T (EBT).
FTIR spectroscopy, X-ray diffraction (XRD), High-
resolution transmission electron microscopy (HR-TEM),
and Field emission gun scanning electron microscopy (FEG-
SEM) with EDAX were used to evaluate the synthesized iron
capped nanoparticles. Additionally, the study examined the
deterioration of Eriochrome black T (EBT) dye. The
influence of several experimental factors, such as the
fraction of adsorbent, pH, dye concentration, and contact
duration on the pace of reaction, was explored in order to
determine the ideal conditions for dye degradation.

2. Experimental:

2.1 Materials:

AR grade ferrous sulfate and Eriochrome black T (EBT) dye
were used as received from the s.d. fine chemicals (India)
and used without further purification. Waste tea were
purchased from the market. All the solutions were prepared
in double distilled water.

2.2 Synthesis of Iron nanoparticles:

The Waste tea extracts were prepared by adding 60 gm tea
into 1000 ml distilled water and heating them at 353 K for
60 min in a water bath and the extracts were vacuum filtered.
After cooling to the room temperature, then 0.10 mol/L
FeSOs4 solutions was added to the Waste tea extracts with a
ratio volume of 1:2. The Fe nanoparticles were formed when
black Fe NPs were observed in the solution mixed Fe (II) and
Waste tea extracts. The resulting solution was centrifuged
for 20 min; the supernatant was discarded, and the pellets
were washed 3 times with distilled water to remove
unreacted salts and tea phytochemicals on the colloidal
surface. Following a final wash, the WT@jiron particles were

centrifuged, the supernatant was discarded, and particles
were dried in an oven.

2.3 Adsorption activities:

In order to gauge the synthetic iron nanoparticles' adsorption
capacity, Eriochrome black T (EBT) decolorization was
observed. An anionic dye called eriochrome black T (EBT)
is widely used in the printing and dyeing industries. It is
extremely harmful to human health. Even though the
adsorption of Eriochrome black T (EBT) using various
reductants has been extensively studied, it is interesting to
investigate the ecologically safe iron nanoparticles.
Eriochrome black T (EBT) solution and iron nanoparticles
interacted at various pH (2.0-10.0), adsorbent amounts, dye
concentrations, and contact times. The Eriochrome black T
(EBT) dye solution was equally divided between two
beakers for the adsorption tests, which were conducted under
various settings.

a. The first beaker containing Eriochrome black T (EBT)
dye solution and WT@iron nanoparticle at room
atmosphere without sunlight.

b. The second beaker containing Eriochrome black T
(EBT) dye solution and iron nanoparticle with sunlight.

Using a chilled circulating liquid bath, the reaction
temperature was maintained at 29+10C. To achieve
adsorption-desorption equilibrium between the dye solution
and the adsorbent surface, 200 mL of the dye solution of the
appropriate concentration—which included the desired
amount of the adsorbent (0.1 to 1.0 g) and a predetermined
amount of 2 mM NaOH solution and HCI (for pH)—was
magnetically stirred before the irradiation experiments. The
solution was also left in the dark for at least 15 minutes.
Subsequently, the irradiation was initiated and the first
sample (at 0 min) was removed. Samples of 5-10 mL were
taken during the irradiation process at regular intervals
(every 15 minutes), centrifuged, and the supernatant was
then examined. As the irradiation period increased, the dye
aliquots' absorbance was monitored at its Amax (538 nm).
The absorbance spectra that were seen align with the Beer-
Lambert Law within the dye concentration range that was
investigated. A standard calibration curve that was derived
using the dye's absorbance at several known concentrations
was used to calculate the dye's concentration. To ensure that
the experimental results could be replicated, the adsorption
experiments were conducted three times. It was discovered
that the absorbance was accurate to within + 2. The recycling
trials examined the adsorbent's uniformity in activity.
Centrifugation was used to recover the adsorbent following
the initial attempt at the adsorption experiment. Ethanol and
deionized water were used to completely wash the recovered
adsorbent. After 12 hours of drying at 60 degrees Celsius,
the adsorbent was utilised again in the following adsorption
experiment cycle. In a similar manner, a series of cycles of
the experiment were conducted to track the adsorbent's
decrease in efficiency following repeated usage.
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Fig. 1: Schematic diagram of WT(@Fe nanoparticles.

The removal efficiency (%) was calculated as follows:

Co-C

Degradation (%) = C_
0

X 100........... 1)

Where Co is the initial concentration of Eriochrome black T
(EBT), and C is the time-dependent concentration of dye
upon irradiation of visible light. The following first-order
kinetic equation can be used to describe the removal of
Eriochrome black T (EBT).

In (i—‘:) =Kt eereeeerrenanns Q)

Where Co and Ct are the concentrations of dye in solution at
times O and t respectively, and k is the first-order rate
constant (sec-1).

3. Results and Discussion:

3.1 Characterization of iron nanoparticles:

3.1.1 FTIR spectra of iron nanoparticles:

1036 =
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Fig. 2: FTIR spectra of (a) Iron nanoparticles before
adsorption of EBT).

The Fe-capped waste tea nanoparticles comprised a range of
functional groups, as seen by the FT-IR spectra (Fig. 2). The
broad band at 3402 cm-1 reflected the bound —OH groups.

The alkane functional groups' -C-C stretching is what
produced the peaks at 2923 and 2853 cm-1. Similarly, the
aromatic functionality and -C=C stretching vibration may be
responsible for the band at around 1655 cm-1. The two
bands, at 1146 and 1036 cm-1, were assigned to the C-O and
C=0 groups, respectively [41-42].

3.1.2 X-ray diffraction (XRD) spectra of iron
nanoparticles:

The Fe Nanoparticles' XRD patterns, which were created
using waste tea extracts, are displayed in Figure 3. Based on
the spectrum data, zero-valent iron (a-Fe), maghemite (a-
Fe203), magnetite (Fe304), and iron hydroxides were
identified as the peaks in XRD patterns with 26 values of
62.800, 57.30, 43.9°, 36.48°, and 30.60° [43, 44]. However,
because the Fe NPs produced by Waste tea extract were
amorphous in form, iron oxides and iron oxohydroxides
were mostly found instead of FeO [45]. The organic
component polyphenols/cafteine from Waste tea extract was
found as the intensity peak at 20 = 22.36° [46,47].

WT@Fe:03 NPs

Intensity (a.u.)

.

20 30 40 50 60 70 80
26 ()

Fig. 3: X-ray Diffraction spectra of (a) Iron capped tea waste
Nanoparticles:

3.1.3 Field emission gun scanning electron
microscope (FEG-SEM) of iron nanoparticles:

Scanning electron microscopy (SEM) was used to analyse
the surface morphology of iron nanoparticles. SEM
micrographs of the iron nanoparticle samples are displayed
in Figure 4. Figure 4 depicts the Fe NPs prior to their
interaction with Eriochrome black T (EBT), confirming their
spherical form and diameter range of 30-40 nm. Iron and
oxygen element peaks may be seen in the EDAX spectra of
Fe capped nanoparticles, showing that the particles are
developing well. The elements have peak indexes of 0.5 keV
for oxygen and 6.4 and 7.2 keV for iron. Oxygen makes up
30.53% of the elements' mass proportion, whereas iron
makes up 62.72%.
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Fig. 4: FE-SEM of Iron Nanoparticles with EDAX

3.1.4 High vresolution transmission electron
microscope (HR-TEM) of iron nanoparticles:

Fig. 5: HR-TEM images of iron nanoparticles:

The HR-TEM image of iron nanoparticles is displayed in
Figure 5. HR-TEM pictures demonstrating that most of the
particles had a homogeneous shape, had a circular
morphology, and ranged in size from 30 to 40 nm. A bright
circular spot selected area electron diffraction (SAED)
pattern was used to show the crystallinity of the Fe capped
nanoparticles.

3.2 Various Parameters Which Effects on
Eriochrome black T (EBT) Dye adsorption in
the presence of Iron Nanoparticles:

3.2.1 Effect of adsorbent dosage:

Different concentrations of iron nanoparticles were used
since their use is expected to change the dye degradation
process.

The proportion of Eriochrome black T (EBT) removal
increased together with the amount of adsorbent dosage.
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This is because the adsorption active site is more accessible
and the iron surface area is larger. Nevertheless, the rate
stabilised almost immediately with the addition of a specific
quantity of adsorbent (0.60 g). This may be the result of the
adsorbent's exposed surface area (active sites) not growing
with increased adsorbent concentration beyond a certain
threshold. Only the layer's thickness rose when the adsorbent
coated the reaction tank's bottom. It's conceivable that an
adsorbent quantity-related impact was not discovered when
a saturation threshold was achieved.
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Fig. 6: Effect of adsorbent dosage on the adsorption of
Eriochrome black T (EBT) by WT@iron nanoparticles

Additionally, the utilization of different-sized reaction
containers corroborated this notion. The adsorbent exposed
surface grew together with the vessel's bottom area,
increasing the percentage of dye removal. In the current
investigation, identical-sized beakers were utilised for the
whole experiment. Additional adsorbent addition did not
improve the % of dye removal; instead, it only increased the
layer thickness after a maximum exposure to adsorbent. The
testing findings showed that the highest removal % of
Eriochrome black T (EBT) dye could be achieved using 0.60
g of adsorbent.

3.2.2 Effect of pH:

One of the most significant factors affecting the dye removal
process for water treatment is the initial pH value since it
may alter the charge of a surface on both dye molecules and
adsorbent in an aqueous solution. Current studies look at
how adsorption is affected by the pH of the dye solution. The
studies were conducted at a constant temperature of 29+1°C,
with an adsorbent dose of 0.60 g and an adsorbate
concentration of 50 ppm. A pH range of 2 to 10 was used to
assess the dye's adsorption, and the pH was changed by
adding 0.1M HCI or 0.1M NaOH. Eriochrome black T
(EBT) is a cationic dye that takes the form of positively
charged ions in an aqueous solution. Since it is a charged ion,
the pH of the solution primarily influences the surface charge
of the adsorbent, which in turn affects the degree of its
adsorption onto the surface of Fe NPs.

100
80
60
40
20

% of Removal of EBT

pH

—@— Seriesl With.out —@— Series2 With,
sun light sun light

Fig. 7: Effect of pH on the adsorption of Eriochrome black
T (EBT) by WT@jiron-nanoparticle

The obtained data are shown in Figure 7, which indicates that
adsorption of eriochrome black T (EBT) rises with rising pH
from 2.0 to 7.0 and that the % of removal of eriochrome
black T (EBT) starts to decrease as pH climbs further. The
reason for this is because as pH rises, the surface activity of
Fe NPs shift from positive to negative charge, which causes
an electrostatic contact to occur between the adsorbent and
the molecules of Eriochrome black T (EBT). when can be
shown in Figure 7, the percentage of dye removed decreases
when pH increases from 2 to 7 and increases from 3 to 10.
Eriochrome black T (EBT) was most maximally absorbed by
WT@iron nanoparticles at pH 2.0. With WT@Fe203 NPs,
the maximum degradation of Eriochrome black T (EBT) dye
was around 94.56 percent.

3.2.3  Effect of concentration:

It has been shown that the equilibrium adsorption rises when
the starting concentration of Eriochrome black T (EBT)
increases from 50 ppm to 250 ppm. The results are explained
by the fact that more Eriochrome black T (EBT) adsorption
results from an increase in the mass transfer driving force,
which happens when the starting concentration increases.
Additionally, it was shown that when the initial
concentration of Eriochrome black T (EBT) dye increases,
the proportion of dye eliminated reduces. As seen in Figure
8, the highest percentage of dye removed by WT@Fe
nanoparticles in a 50-ppm solution of Eriochrome black T
(EBT) dye was 96.30%.

© 2024 NSP
Natural Sciences Publishing Cor.



22 %NSI’)

R. Mampilly et al.: Adsorption of Eriochrome...

[
0 O N
o O o

60
40
20

% of Removal of EBT

o

0 50 100 150 200

Dye concentration (ppm)

—o—Series1 With out —e— Series2 With sun
sun light light

250

Fig. 8: Effect of concentration on the adsorption of
Eriochrome black T (EBT) by WT@iron nanoparticles

3.2.4 Effect of Contact Time:

The impact of contact time is the most important factor in
the elimination of adsorption dye. Every experiment was run
for a predetermined amount of time. Figure 9 illustrates the
relationship between contact time and the Eriochrome black
T (EBT) dye's efficacy in dye removal. It is evident that as
contact length grows, so does the percentage of dye removal.
Within a predetermined time frame, the impact of contact
time on the removal of Eriochrome black T (EBT) dye was
examined. Figure 9 shows how contact time affects the
adsorbent's ability to remove Eriochrome black T (EBT) dye.

% of Removal of EBT

0 15 30 45 60 75 90
Contact Time (min)

105 120

—o—Series1 With out —g—Series2 With sun
sun light light

Fig. 9: Effect of contact time on the removal of EBT by
WT@iron-nanoparticles.
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Fig. 10: UV-Vis absorption spectra for degradation of
Eriochrome black T (EBT) dye in the presence of Fe capped
tea waste Nanoparticles.

The availability of a significant number of unoccupied sites
for Eriochrome black T (EBT) adsorption can be attributed
to the rapid adsorption at initial contact time, but the sluggish
rate of dye adsorption could be related to slow pore diffusion
of the dye into the bulk adsorbent. Maximum dye removal
was achieved at 90 minutes utilizing WT@Fe NPs, which
was approximately 95.85 percent.

4. Conclusion:

Iron nanoparticles derived from black tea waste were used to
remove the Eriochrome black T (EBT) dye. The synthesized
iron nanoparticles were characterized using X-ray
diffraction (XRD), scanning electron microscopy, FTIR
spectroscopy, and high-resolution transmission electron
microscopy (HR-TEM) (FE-SEM). The X-ray diffraction
patterns demonstrated the amorphous nature of iron
nanoparticles. It was simple to see that Fe NPs were
spherical using scanning electron microscopy. Fe NPs
identified by hydrogen radiation microscopy (HR-TEM) had
particle sizes of 30-40 nm. UV-visible absorption
spectroscopy was also utilised to monitor the deterioration of
Eriochrome black T (EBT) dye using iron nanoparticles. The
ideal parameters for dye degradation were found by
examining changes in temperature, pH, and adsorbent
concentration. The effects of dye concentration and contact
duration on reaction rate were examined analytically. We
noticed that the adsorption of the dye Eriochrome black T
(EBT) followed pseudo-first-order kinetics. For optimal dye
degradation outcomes, eriochrome black T (EBT) dye at a
concentration of 50 ppm, pH = 2, and 0.60 g of adsorbent
were required. The greatest degree of dye removal was
attained after 90 minutes of stirring at 29+1°C. WT@iron
nanoparticles were added, and it was found that 95.85% of
the colour was removed.
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