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Abstract: This work presents entirely a new, green, and non-expensive route of synthesis of zinc nanoparticles (NPs) using
waste tea. The crystalline nature of waste tea-mediated Zn NPs (WT-ZnO NPs) was confirmed by XRD and SAED
analyses. Further characterizations of WT-ZnO NPs were done using UV-vis spectroscopy, FTIR spectroscopy, SEM-
EDX, and TEM. The size of synthesized NPs was calculated to be 15.1 nm which presented spherical morphology with
some sorts of agglomeration. The WT-ZnO NPs when applied as visible light-driven photo catalyst for degradation of
Malachite green dye. Adsorptions of Malachite green (MG) dye follow pseudo-first-order kinetics. It was found that the
dye degradation showed best results in the presence of sunlight at a pH of 3, Malachite green (MG) Dye concentration 50
ppm with 60 mg of WT-ZnO NPs. At room temperature, the maximum removal of dye was achieved in 105 min by
stirring. Malachite green (MG) showed that degradation was 96.45 % in the presence of visible light and 81.5% in the
presence of sun light within the experimental time. The highly pure, WT-ZnO NPs are considered to have comparable
photocatalytic activity with respect to most of the reported works and hence might find a way for its practical application
for waste water treatment in the real world. The WT-ZnO NPs could be reused at least for three times without any
significant loss in degradation efficiency.

Keywords: Waste tea, photocatalytic degradation, WT-ZnO NPs, malachite green dye.

catalytic qualities [10]. Green-synthesized nanoparticles are
highly compatible, and so they can be used in several
biomedical and pharmaceutical applications [11]. ZnO NPs
are widely used in the packaging of food and in the
production of paints and varnishes [12]. They also block
harmful UV radiation, a quality which makes them valuable
in the production of cosmetics and sunscreens [6].

Metal oxide nanoparticles possess catalytic qualities and as
such are commonly used in the elimination of toxic
hazardous chemical substances, primarily in the field of
environmental safety [13]. The catalytic properties of ZnO
NPs are due to their crystal structure, porosity, surface area,
size distribution, and band gap, and are often used in
photocatalytic degradation [14]. Recently, number studies

1 Introduction

Nanotechnology primarily concerns the study of particles
ranging from 1 to 100 nm in size. An interdisciplinary field,
Nanotechnology incorporates bio nanoscience, materials
science, and technology [1], and relies heavily on the fields
of biology, chemistry, and physics. Nanoparticles are
widely used in a range of applications owing to their
optical, biological, and physiochemical properties [2-5].
Nanoparticles can be synthesized using physical, chemical,
and biological methods [6,7]. Biological nanoparticle
synthesis typical involves the use of microorganisms, fungi,

algae, and plants. The green synthesis method has recently
become widely used, as it allows the use of less toxic
chemicals [8] that are safe when released into the
environment. Green-synthesized nanoparticles produced
from plants are also more stable. Nanoparticles have a
wider range of applications relative to larger particles as
they have a much higher surface area to volume ratio,
which allows them to act as active components more
efficiently [9]. Metal oxides typically form closely packed
structures and often exhibit antimicrobial, magnetic, and

are reported on photocatalytic capacity of ZnO NPs [15-
18]. Due to its high photostability, non-toxicity, thermal
stability, oxidation resistivity, high electron mobility,
biocompatibility, biodegenerability, broad absorption
range, and wide band gap (~3.37 eV), ZnO is an important
inorganic semiconductor material. It has been employed
widely in diverse applications such as solar cells,
biosensors, gas sensors, detectors, photonic devices,
optoelectronic ~ devices, cosmetics, drug delivery,
nanomedicines, and as an efficient, cost-effective
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alternative to TiO: in photocatalysis [19-30]. ZnO NPs
possess numerous active sites, and thus they have a high
reaction rate to allow the effective generation of hydrogen
peroxide, which makes them suitable for the photocatalytic
removal of organic pollutants from water bodies. The
effluents produced by textile, leather, cosmetics, paper,
printing, plastic, rubber, and pharmaceutical industries
usually contain synthetic dyes and their metabolites, which
are toxic, carcinogenic, mutagenic, stable to light and
oxidizing agents, and non-biodegradable in nature [31-32].
Toxicity analyses of industrial effluents have been
performed extensively using different bioassays [33-35].
The waste waters produced by dyeing industries have the
highest level of toxicity, with cytotoxic, genotoxic, and
mutagenic effects [36-42]. Thus, it is essential to remove
dye pollutants from industrial effluents before they reach
natural water bodies. Moreover, bio-toxicity evaluations
have indicated remarkable reductions in the toxicity of the
reaction  products/metabolites  formed  after the
photodegradation of dyes [37].

Biological synthesis of nanoparticles using plant extracts is
becoming an emerging area of research in nano-
biotechnology due to its simplicity, low cost, nontoxicity
and environmentally friendly nature.  Moreover,
nanoparticles are produced by plant extracts are more stable
and biocompatible in comparison with those produced by
physical/chemical methods. Based on the literature,
biosynthesis of ZnO NPs were reported by using plant
extracts including Aloe vera [43] (leaf), Nephelium
lappaceum L [44] (fruit peel), Corymbia citriodora [45]
(leaf), Polygala tenuifolia [46] (root), Trifolium pratense
[47] (flower), Rosa canina [48] (fruit), Zingiber officinale
[49] (rthizome), Eucalyptus globulus [50] (leaf) and Vitex
trifolia L. [51] (leaf).

In the present study, we demonstrate a green and eco-
friendly route for the synthesis of ZnO NPs using aqueous
extract of Waste Tea. X-ray diffraction (XRD), energy
dispersive X-ray spectroscopy (EDX), field emission
scanning electron microscope (FESEM), transmission
electron microscopy (HR-TEM) and Fourier transform
infrared spectroscopy (FTIR) was used for characterizing
the Waste Tea mediated ZnO (WT-ZnO) NPs. The
photocatalyst activity of WT-ZnO NPs was also
investigated using malachite green (MG) dye as the model
pollutant under visible and solar light irradiation

2 Experimental

2.1 Materials

All the reagents are of analytical grade and were used
without any further purification. Zinc nitrate hexahydrate
(Zn (NO3)2.6H20) was purchased from s.d. fine chemicals
while MG was purchased from Hi- media. Waste tea
(Wagh Bakri) was collected from the tea shop in market.
Deionized water was used throughout the experimental

study. Glass wares were thoroughly cleaned and dried
inside an oven at 100°C for 2 h before use. A hot plate
with magnetic stirrer and a centrifuge machine of model
Remi were used for heating and centrifuging purpose of
the work.

2.2 Preparation of Waste tea extract (WTE):

Young shoots of purple tea as collected were chopped into
fine pieces using a kitchen knife. These were then air dried
for about 2 h. Then 80 g of the chopped pieces of the
shoots were heated in 500 ml deionized water at 80> C for
90 min until purplish color of the mixture appeared.
Finally, the mixture was cooled, centrifuged, and filtered
through Watmann filter paper No. 1 twice to get the
extract which was then stored at —4°C for further use.

2.3 Green Synthesis of WT-ZnO nanoparticles

The tea extracts (black and green) were prepared by adding
60g tea into 1000ml distilled water and heating them at 353
K for 60 min in a water bath and the extract were vacuum
filtered. After cooling to the room temperature, then 0.10
mol/L Zn (NOs): solutions was added to the tea extracts
with a ratio volume of 1:2. The Zn nanoparticles were
formed when black Zn NPs were observed in the solution
mixed Zn (II) and tea extracts. The resulting solution was
centrifuged for 15 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 iron particles
were centrifuged, the supernatant was discarded and
particles were dried in an oven.

2.4 Characterization of WT-ZnO NPs

Synthesized WT-ZnO nanoparticles were characterized
by following various analytical techniques. Fourier
transform infrared (FTIR) spectra of synthesized zinc
nanoparticles were recorded on a Shimadzu instrument in
the range of 4000400 cm-1 using KBr pellet technique.
X-ray powder diffraction (XRD) analysis was carried out
on a Rigaku D/max 40 kV diffractometer equipped with
the graphite mono chromator and Cu target, from our
department. Field emission gun scanning electron
microscope (FEG-SEM) images were recorded on a JSM-
7600F series instrument and High-resolution transmission
electron microscope (HR-TEM) images were recorded on
a Tecnai G2-F30 electron microscope, from SICART
VallabhVidhyanagar. The sample preparation was carried
out via the coating on carbon coated grid Cu Mesh 300
prior to the measurement. The adsorption properties of
iron nanoparticles were recorded by UV-1800, Shimadzu
spectrophotometer.
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2.5 Photocatalytic performance

The photocatalytic performance of WT-ZnO NPs has been
investigated by the degradation organic dye Malachite
Green (MG). All the photocatalytic experiments were
carried out at room temperature under illumination of
visible light using 100W tungsten lamp and sunlight. Dyes
used were of concentration 50 ppm and the catalyst dosage
was 60 mg. Firstly MG (50 ml) were separately degraded
using the 60 mg catalyst dose. All the solutions containing
photo catalyst were sonicated for 1 min for complete
dispersion prior to illumination by visible light. The photo
degradation process was monitored using UV-Vis
spectrophotometer at the maximum absorbance of the
respective dyes, MG (Amax ~ 617 nm)) in their solution at
a time interval of 15 min for a contact time of 105 min.
The degradation efficiency (1) and rate constant (k) for the
photocatalytic reaction has been calculated using the
Equations (1) and (2) given below.

Co-C
Co

Degradation (%) = X 100........... )

In (i—‘:) = Klrrreerrerannns Q)

Here Co and C: represent the initial and final absorbance of
the dyes at Amax and k is the first-order rate constant (sec™).
The similar degradation experiments of single and mixed
dyes were monitored in dark in presence and in absence of
photo catalyst. Of course, degradation experiments were
also monitored using visible light and sunlight.
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Fig. 1: Structure of Malachite Green Dye.

3 Result and Discussion

3.1 Characterization of iron nanoparticles

3.1.1 FTIR spectra ZnO nanoparticles

Exhibit 2 represents the FTIR spectrum of WT-ZnO NPs
which evidenced the involvement of Phyto compounds of
purple tea in the synthesis. Various bands arising from
FTIR spectrum are 3408, 1401, 1031, 856, 696, and 441
cm !, The band between 450 and 600 cm ™! is pronounced

for ZnO bending vibration while sharp band at ~ 441 ¢cm™!
confirmed Zn-O stretching vibration [52,53]. The broad
band at ~ 3408 cm ' shows the existence of H-bonded
phenolic groups which is confirmed by the presence of a
band due to C-O stretching vibration at ~1031 ¢cm™!. The
band at ~ 401 cm™! may be assigned to C=C stretching
vibration of aromatic rings. Lastly the sharp but weak band
appearing at ~ 856 and 696 cm™! may be assigned to the out
of plane C-H bending vibration. These peaks are hence
found to be enriched with moieties of Phyto compounds of
purple tea and played the prime role in the synthesis of WT-
ZnO NPs. The data obtained from FTIR analysis supports
the UV-Vis analysis and hence confirms the formation of
WT-ZnO NPs.
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Fig. 2: FTIR spectra of WT-ZnO NPs.

3.1.2 X-ray diffraction spectra of WT-ZnO NPs:

The XRD pattern of Phyto synthesized WT-ZnO NPs
(Exhibit 3) was taken to examine the crystalline nature of
the sample. The distinctive diffraction peak at 26 = 31.8,
34.5, 36.3, 47.8, 56.7, 62.9, 66.5, 67.9, 69.2, 72.9, and
77.0 are assigned to (100), (002), (101), (102), (110),
(103), (200), (112), (201), (004), and (202) crystal
planes, respectively. All the diffraction peaks are well
indexed to hexagonal phase (wurtzite structure) which
had an excellent match with reported JCPDS File No.
89-0511. Moreover, the diffraction pattern showed in the
figure presenting sharp peaks with well-defined intensity
proves the presence of crystalline form of WT-ZnO NPs.

3.1.3 Field emission gun scanning electron
microscope (FEG-SEM) WT-ZnO NPs:

SEM image of WT-ZnO NPs [Exhibit-4(a)] presented
nearly spherical and uniformly distributed NPs with some
sorts of agglomeration. The agglomeration among the
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WT-ZnO NPs might be due to the capping effect of
phenolic compounds [54].
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Fig.3: XRD spectra of WT-ZnO NPs.
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Fig.4: FE-SEM (a) with EDAX (b) spectra of WT-ZnO Nanoparticles.
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The elemental information of WT-ZnO NPs depicted in the
EDX spectrum [(Exhibit 4(b)] shows the presence of
highest peak at 1, 8.6, and 9.6 keV for Zn and 0.5 keV for
O. As no other peaks related to any other impurity are
detected in the spectrum confirms the high purity of WT-
ZnO NPs. The green synthesized WT-ZnO NPs have
weight % of 81.24 of Zn and 18.05 of O. Moreover, the
atomic percentage of Zn and O are 51.56 and 48.04,
respectively. Such findings are assumed to be advanced to
published reports where the presence of Zn and O in ZnO
NPs is accompanied by the presence of other impurities.

3.1.4 High resolution transmission electron
microscope (HR-TEM) of WT-ZnO NPs:

The HR-TEM images of WT-ZnO NPs presented in Exhibit
5 (a) and (b) reflected the appearance of mostly spherical in
addition to few hexagonal shaped particles which are
slightly agglomerated. The size of as synthesized WT-ZnO
NPs ranged from 5 to 30 nm which is displayed from the
histogram distribution of particle size [Exhibit-5(a)]. It can
also be noticed from the [Exhibit 5(b)] that most of the
particles fall in the range of 10-20 nm and the average
mean size of the particle came out to be 15.1 nm.

3.2 Various Parameters Which Effects on
Malachite Green (MG) Dye adsorption in the
presence of WT-ZnO Nanoparticles

3.2.1 Effect of Nanoparticles dosage

Waste Tea mediated WT-ZnO nanoparticles utilized is
likely to alter the dye degradation process, different
amounts of nanoparticles were used. Table-1 summaries
the findings. When the amount of adsorbent dose was
increased, the percentage of Malachite Green (MG)
elimination likewise rose. This is due to the increased Zinc
surface area and more accessible adsorption active site,
however after adding a particular amount (60 mg) of an
adsorbent, the rate became practically constant. This could
be because, beyond a certain point, increasing the amount
of adsorbent did not increase the adsorbent's exposed
surface area (active sites). As the adsorbent covered the
bottom of the reaction tank, it only increased the thickness
of the layer. It is possible that a saturation point was
reached, and that after this saturation point, no effect of
adsorbent quantity was detected.

Fig.5: HR-TEM images of WT-ZnO Nanoparticles.
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Table 1: Effect of adsorbent dosage on the adsorption of Malachite Green (MG) by WT-ZnO nanoparticles.

Amount of % of removal of MG dye in presence of WT-ZnO
adsorbent nanoparticles
(mg)
With sun light With visible light

10 55.60 68.20

20 62.70 74.02

30 68.60 82.45

40 76.10 88.30

50 80.25 93.45

60 86.80 96.55

70 85.65 95.51

80 84.30 95.53

Malachite Green (MG)dye =50ppm, pH=6.5, Temperature=29+1

Effect of Nanoparticles dosage

100
95
90
85
80
75
70
65
60
55
50

% Removal of MG

0 10 20 30

40 50 60 70 80

Amount of Nanoparticles dosage (mg)

—e—series1  with sunlight
—e—series2  with visible light

Fig.6: Effect of adsorbent dosage on the adsorption of Malachite Green (MG) by WT-ZnO nanoparticles.

This theory was also supported using reaction containers of
various sizes. As the bottom area of the vessel increased, so
did the adsorbent exposed area, and thus the percentage of
dye removal increased. In the current study, beakers of the
same size were used for the whole experiment, and after a
maximum exposure to adsorbent, additional adsorbent
addition simply raised the layer thickness, but did not

of adsorbent was successful in achieving the greatest
removal percentage in Malachite Green (MG) dye.

3.2.2 Effect of pH

Because the charge of a surface on adsorbent and dye
molecules can be modified by pH values in aqueous
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solution, the initial pH value is one of the most important
elements influencing the removal process of dyes for water

Table 2: Effect of pH on the adsorption of Malachite Green (MG) by iron nanoparticles.

% of removal of Malachite Green (MG) dye in
pH presence of iron nanoparticles

With sun light With visible light
3.0 64.30 71.20
3.5 65.95 78.35
4.0 69.45 83.65
4.5 73.70 87.76
5.0 75.40 89.05
5.5 79.74 90.66
6.0 82.80 93.90
6.5 85.30 96.20
7.0 84.82 95.80
7.5 83.20 94.65
8.0 83.40 94.80

Malachite Green (MG)dye =50ppm, Dosage= 60 mg, Temperature=29+1°c

Effect of pH
100
90
80
70
60
50

% Removal of MG

pH

—o—>seriesl with sunlight
—o—Series2 with visible light

Fig. 7: Effect of pH on the adsorption of Malachite Green (MG)by WT-ZnO nanoparticle.
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treatment. Table 2 investigates the influence of dye solution
pH on adsorption. The experiments were carried out at a
fixed adsorbate concentration (60 ppm), adsorbent dosage
of 0.60 g, and a temperature of 29+1°C. The pH was altered
by adding 0.1IM HCl or 0.IM NaOH, and the dye's
adsorption was tested throughout a pH range of 3.0-8.0.
Malachite Green (MG) is a cationic dye that exists in
aqueous solution as positively charged ions. As a charged
ion, the degree of its adsorption onto the surface of WT-
ZnO NPs is mostly affected by the adsorbent's surface
charge, which is influenced by the solution pH.

Figure 7 depicts the obtained results, which show that
adsorption of Malachite Green (MG) increases with
increasing pH from 3.0 to 6.5, and that when pH increases
further, the percent of removal of Malachite Green (MG)
begins to decrease. This is because the surface activities of
Zn NPs change from positive to negative charge when pH
increases, resulting in electrostatic interaction between the
adsorbent and Malachite Green (MG) molecules. As seen in
Figure 7, as the pH rises from 3 to 6.5, the proportion of
dye removed rises, and as the pH rises from 6.5 to 8, the
percentage of dye removed falls. At pH 6.5, WT-ZnO
nanoparticles absorbed the most Malachite Green (MG).
The maximal degradation of Malachite Green (MG) dye
with Zn NPs was approximately 96.20 % in the presence of
visible light and 85.3 % in the presence of sunlight
respectively.

3.2.3 Effect of concentration

The initial concentration of Malachite Green (MG) was

varied from 50 ppm to 250 ppm. The results are reported in
Table 3.

It has been discovered that as the initial Malachite Green
(MG) concentration increases from 50 ppm to 250 ppm, the
equilibrium adsorption increases. The findings are due to
the fact that when the initial concentration increases, the
mass transfer driving force increases, resulting in greater
Malachite Green (MQG) adsorption. It was also discovered
that the percentage of dye removed decreases as the
original concentration of Malachite Green (MG) dye
increases. According to Figure 8, the greatest dye removal
by waste tea mediated WT-ZnO NPs was 96.40 % (in
presence of visible light) and 85.63 % (in presence of Sun
light) in a 50-ppm solution of Malachite Green (MG) dye.

3.2.4 Effect of Contact Time

The most essential parameter in adsorption dye removal is
the influence of contact time. All of the experiments were
carried out over a set period of time. Table 4 shows the
association between dye removal effectiveness of the
Malachite Green (MG) dye and contact time. It is apparent
that the percentage of dye removal increases as contact
duration increases. The effects of contact time on the
removal of Malachite Green (MG) dye were investigated in
a set time interval. Figure-9 depicts the influence of contact
time on the removal of Malachite Green (MG) dye by
adsorbent.

Table 3: Effect of concentration on the adsorption of Malachite Green (MG) by WT-ZnO nanoparticles.

Dye concentration
% of removal of Malachite Green (MG) dye in
(ppm) presence of WT-ZnO nanoparticles
With sun light With visible light
50 85.63 96.40
100 78.65 90.78
150 73.15 86.54
200 72.25 83.60
250 70.85 80.20

Nanoparticles Dosage= 60 mg, pH= 6.5, Temperature=29+1°C
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Effect of Dye concentration (ppm)
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Fig. 8: Effect of concentration on the adsorption of Malachite Green (MG) by WT-ZnO Nanoparticles.
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Fig. 9: Effect of contact time on the removal of MG by WT-ZnO nanoparticles.
Table 4: Effect of contact time on the removal of Malachite Green (MG) by WT-ZnO nanopatrticles.

Contact Time % of removal of Malachite Green (MQG) dye in presence
(min) of WT-ZnO nanoparticles
With sun light With visible light

0 0.00 0.00

15 57.60 70.87
30 65.67 76.12
45 71.76 83.70
60 78.90 89.64
75 71.50 93.53
90 79.75 95.36
105 81.44 96.42
120 80.35 96.12

Malachite Green (MG) dye =50ppm, Dosage= 60 mg, pH=6.5, Temperature = 29+1
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Fig. 10: UV-Vis absorption spectra for degradation of
Malachite Green (MG)dye in the presence of WT-ZnO
Nanoparticles.

The availability of a significant number of unoccupied sites
for Malachite Green (MG) adsorption can be attributed to
the rapid adsorption at initial contact time, but the slow rate
of dye adsorption could be related to slow pore diffusion of
the dye into the bulk adsorbent. Maximum dye removal was
achieved at 105 minutes utilizing WT-ZnO NPs, which was
approximately 96.42 % in the presence of visible light and
81.5% in the presence of sun light.

3.2.5 Possible mechanism of dye degradation

ZnO + hy —> 7nO (ecp + hip)
ZnO (hiz)+ OH % OH+ZnO

ZnO (ecg) + 02 —» 02+ 7Zn0

202+ 2H20 —» 2 'HO2 + H202
H202 —» 20OH

WT- ZnO can absorb Visible light and generate electron—
hole pairs. Based on the obtained results and previous
reports one can suggest that the electron produced from the
surface of catalyst react with surface adsorbed O2 to form
O2'. The positively charged WT-ZnO surface and/or the "O2
can react with surface adsorbed H>O to form *OH, however,
the later step is mostly responsible for generation of “OH
radical. The "OH is a potent in discriminant oxidizing agent
which possibly responsible for degradation of most of the
surface adsorbed dye molecules. To further assess the roles
of "OH active species, tertiary butanol (TBA) (1.0 mM) was
used as scavenger to quench the hydroxyl active species
during the degradation of dye molecules. As shown in Fig.
10, the photocatalytic degradation of MG over the WT-ZnO
was significantly affected after the addition of TBA,
indicating that "OH active species played a significant role
in the photocatalytic degradation of dyes.

3.3 Comparison of photo catalytic degradation of EBT in presence of various Photocatalysts and light

sources.
Photocataly | DYeS | Dye  conc. | Light Catalyst | Time Degradati References
st and vol. source load (min) on
%
ZnO MG 10 ppm, Sunlight 50 mg 180 99 (Aminuzzaman [55] et
50 ml al, 2018)
ZnO RB 10 1M, Sunlight 20 mg 200 98 (Varadavenkatesan
100 ml [56] et al., 2019)
ZnO RB 9.5 ppm, uv 100 mg 50 100 (Prasad [57] et al.,
50 ml 2019)
ZnO MG 10 ppm, uv 2 mg 120 89.5 (Rajapriya [58] et al.,
10 ml 2020)
PT-ZnO MG 10 ppm, Visible 50 mg 90 89 (Das [59] et al., 2021)
50 ml
PT-ZnO RB 10 ppm, Visible 50 mg 90 22 (Das [59] et al., 2021)
50 ml
WT-ZnO MG 50 ppm Visible 60 mg 105 96.3 Present work
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4 Conclusions

In summary, the current investigation demonstrates a facile
greener method for the synthesis of WT-ZnO using the
waste tea extract as structure directing agent. The newly
synthesized WT-ZnO was investigated for the
photocatalytic degradation of MG dye degradation using
visible light and sunlight as light source. WT-ZnO exhibits
hexagonal wurtzite structure with an average particle size
of 15 nm were confirmed by HR-TEM and XRD analysis.
The chemical purity/composition and elemental state of
WT-ZnO were confirmed by EDS analysis. The vibrational
modes of FTIR such as the bending and stretching
properties have also confirmed the formation of WT-ZnO.
The WT-ZnO exhibited degradation efficiency of MG dyes
approximately 96.42 % in the presence of visible light and
81.5% in the presence of sun light. MG dye degraded
within 105 min of contact time. It was found that the dye
degradation showed best results in the presence of sunlight
at a pH of 3, Malachite green (MG) Dye concentration 50
ppm with 60 mg of WT-ZnO NPs.
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