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Green synthesis Moreover, Ag—Zn doped TiO, nano-catalyst formation was confirmed by X-ray diffraction
Nicotiana tabacum analysis, which reveals the cubic and tetragonal geometries with average size of 5.66 nm.
Ag and Zn doping The scanning electron microscopy analysis also confirmed the poly-morphological struc-
Titanium dioxide ture of prepared Ag—Zn doped TiO, nano-catalyst. The nano-catalyst was used for the
Catalytic activity remediation of dyes and conditions were optimized for maximum removal of dyes using
Textile dyes remediation NaBH, reducing agent. The catalytic activity results revealed that Ag—Zn doped TiO,

showed promising features versus individual counterparts, which is correlated with

reduced bandgap of doped nano-catalyst. The N. tabacum leaves extract efficiently stabi-

lized Ag—Zn doped TiO, nano-catalyst that exhibited remarkable catalytic activity and

have potential to treat the dyes in wastewater.
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1. Introduction

Dyes are a significant part of aquatic pollution released by the
paper, tanning, cosmetic, textile and paint industries. Prop-
erties like structure uniqueness, chemical stability, different
functional groups, and characteristic color of methyl orange
and methylene blue make them relevant in industries [1-5].
Methyl orange is an azoic dye, and methylene blue is a thia-
zine dye. Wastewater containing these two compounds cau-
ses toxic effects on humans and aquatic life by getting into the
food chain. The stability of dyes and their by-products makes
them more hazardous due to their mutagenic and carcino-
genic nature [6,7]. Due to their non-biodegradability conven-
tional biological degradation methods are not applicable.
Today scientists are extensively trying to remove or degrade
these dyes from industrial waste before their release in
freshwater bodies [8—11].

Physical and chemical methods like adsorption and
degradation, respectively, are used to remove these dyes from
wastewater. Photocatalytic degradation is a widely used
method for degrading toxic dyes from water bodies with
nanoparticles help. NPs are directly or indirectly involved in
degrading more toxic dyes into less harmful by-products
[12—14]. NPs TiO,, Ag, Zn, Au, Pd, Cu, bi-metallic NPs Ag—Zn,
Ag/Ni, Ag/Cu, Co/Fe, nano-composites like SnO, decorated
polystyrene, carbon-doped TiO, and ZnO/CMC NCs are used
for the catalytic degradation of dyes. Their activity in the
visible region makes them photo-chemically active and effi-
cient for dye degradation. Their small size and large surface
area offer more active sites for the reaction to take place easily
with less time compared to bulk material [9,15,16].

Metal and non-metal NPs have ostentatious catalytic
properties compared to bulk materials. High surface-to-
volume ratio, surface plasmon effect, catalytic, optical, con-
ductivity, and thermal properties make their applications in
wastewater treatment by catalytic and photocatalytic reduc-
tion of organic dyes. Bimetallic nanoparticles (BMNPs) show
extraordinary results in almost all fields compared to mono-
metallic or non-metallic NPs in technical and scientific
fields. BMNPs alter the surface plasmon band, stability, and
dispersion of NPs [17—19].

The number of metal-NPs comprising silver, zinc, TiO,,
gold, platinum, and cobalt have been synthesized through
physical, chemical, biological, and green routes. NPs prepared
by chemical methods cause pollution and have adsorbed
harmful chemicals on their surface, causing annoying adver-
sarial effects in the treatment and diagnostic fields. Physical
methods are expensive. They follow a top-down technique
and produce NPs having a narrow morphological range [20].
Biological route uses microorganisms, enzymes and fungus
for the stabilization of NPs. Green synthesis is the best way to
synthesize the metallic, bimetallic NPs due to no hazardous
waste, low cost, ease of characterization and bottom-up
technique make one able to control their morphology, crys-
tallinity, and size [21,22].

This research work focusses on the use of Nicotiana tabacum
(NT) dried leaves extract to synthesize Ag—Zn doped TiO,
nano-catalysts (NCs). Identification techniques comprises UV
VIS spectroscopy, FTIR, SEM and XRD were used for the

confirmation, morphology, and crystallinity of prepared NCs.
These prepared nano-catalysts were used for the catalytic and
photocatalytic decolorization of methylene blue and methyl
orange from industrial wastewater.

2. Material methods
2.1. Chemicals, instruments and reagents

Analytical grades reagents including AgNO; (>99%), zinc ni-
trate hexahydrate Zn(NOs;),.6H,0 (>97%) were purchased
from Fisher (UK) and TiO, (>97%) was purchased from Sigma
Aldrich (UK). All the reaction mixtures were prepared in
deionized water. pH was optimized using NaOH. Fresh leaves
of N. tabacum were collected from farms at Lodhraan Uggoki
Sialkot, Pakistan.

2.2. Preparation of extract

Freshly collected leaves were cleaned with DI water 2—3 times
to remove dust particles and dried in the oven at 40 °C. Fully
dried leaves were crushed in fine powder using a grinder. 1 g of
leaves powder in 200 mL of distilled water is heated on hot-
plate at 60 °C for 20 min greenish brown color solution is ob-
tained which is filtered to separate leaves powder. The
supernatant is stored in 4 °C for further use.

2.3. Synthesis of Ag—Zn doped TiO, NCs

Titanium oxide (TiO,), silver nitrate (AgNOs), and zinc nitrate
hexa-hydrate (ZnNO; 6H,0) were used for starting precursors.
In the synthesis of Ag—Zn doped TiO, NCs, 5 mM solution of
TiO, with 5% (w/w) AgNO; and ZnNO3 6H,0 was dissolved in
100 mL of distilled water and stirred well as done previously
[23]. This solution was added to leaves extract dropwise on
continuous stirring at maintained pH, color changes occurred
from greenish brown to white, which conformed the synthe-
sis of NCs. The solution was further centrifuged and washed
many time to remove the un-reacted ions.

2.4. Characterization of synthesized material

The NT stabilized Ag—Zn doped TiO, NCs were characterized
by recording full scan of UV-VIS spectra from 300 to 800 nm
and the surface plasmon of the NPs was also observed over
UV-VIS Spectrophotometer CECIL CE 7400s Aquarius. Fourier
transformation infrared spectroscopy (FTIR) by ATR was
adopted to determine the functional groups using (Bruker,
Alpha-1I, UK) in the range of 4000—500 cm™*. SEM morphol-
ogies were evaluated over (FE-SEM NOVA 450, UK). The crys-
talline nature was examined using an X-ray diffractometer
(Bruker D-8 with Cu Ko A = 1.54 A, UK).

2.5. Photocatalytic decolorization

Methylene blue (MB) and methyl orange (MO) were degraded
photo catalytically using synthesized Ag—Zn doped TiO, NCs
under direct sunlight. Decolorization of 0.01 mM MB and MO
dyes has been studied by varying catalyst concentration
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(1-5 mL of 0.2 mg/L) at maintained pH and 31 °C. The reaction
mixtures were prepared and stirred under room light and then
placed under sunlight for decolorization. Progress of the re-
action was monitored by UV-VIS spectra ranging from 300 to
800 nm in specific time. Blue and orange color of dyes
appeared in case of MB and MO, respectively [24—26].

2.6. Catalytic decolorization

MB and MO were degraded by using NaBH, reagent at pre-
pared NCs catalyst and its factors were also studied to find the
optimum concentrations of reagents for maximum decolor-
ization. Dyes (MO, MB) and catalyst dose effects on decolor-
ization were observed by varying concentration from
0.004 mM to 0.025 mM and 0.02 mg/mL to 0.1 mg/mL respec-
tively in addition with 1.8 mM NaBH,4. The catalyst (Ag—Zn
doped TiO,) was confirmed over UV/Vis spectrophotometer at
full scan of 300—800 nm. Absorbance peak of MB at 665 nm and
that of MO at 460 nm was monitored for decolorization
studies.

3. Results and discussion

In recent studies, synthesized Ag—Zn doped TiO, NCs using
leaves extract without any external hazardous chemical sta-
bilizing agent. In this study, obtained NCs were better in terms
of size, which was improved than other reported methods
[27]. Plant leaves extract itself acted for stabilization of doped
NPs by controlling their size, prevented coalescence with
controlled nucleation and ordered crystallinity of NPs. The
methods which confirmed the formation of NCs are followed.

3.1. FTIR studies

FTIR analysis of NT stabilized Ag—Zn doped TiO, NCs was
caries out to examine which biomolecules are responsible for
their reduction and stabilization. Fig. 1 and Table 1 represents
the transmittance peak at 3357, 2919, 2851, 1248, and
1091 cm™". The spectra of Ag—Zn doped TiO, NCs peak broad

—— Extract
- —b— Ag-Zn doped TiO,

Transmittance (%)

T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 1 — (A) FTIR of NT extract and (b) Ag—Zn doped TiO,
NGCs and plant extract showing different functionalities.

Table 1 — Data of absorption peaks showing different
functional groups using FTIR.

Sr.  Absorption Functional Groups References
No. Peaks

1 3357 cm™'  -OH stretching water molecules [28]

2 2919 cm~! GC—H Stretching [32]

3 2851 cm™' C—H Stretching [33]

4 1593 cm™! C=C Stretching [29]

5 1248 cm™'  Amide (III) [34]

6 1091 cm™' C-O Stretching [30]

peak ranging from 3650 to 3100 indicating —OH stretching due
to the water of crystallization adsorbed on the NCs [28], peaks
located at 2919 and 2851 cm™~* exemplifies C—H stretching and
peak at 1248 cm ' illustrated amide (III) stretching of amino
groups present in leaf extract. Peaks at 1593 cm™ indicating
C=C stretching [29]. Strong peak at 1091 cm™! of C-O
stretching [30]. Displacing of spectral lines from NT leave to
NCs showed interconversion of functional groups for reduc-
tion and stabilization of NCs. Kumar et al. also reported the
synthesis of silver NPs using NT leaf extract with peaks at
3403, 2934, 2396, 1761, 1624, 1384, 1075, cm~* with almost
similar functional groups [31].

3.2.  XRD analysis

For the determination of crystalline nature of prepared Ag—Zn
doped TiO, NCs XRD analysis performed under the range of
10—-80°. Fig. 2 corresponds to XRD pattern peaks appeared at 2
6 having values 69.00°, 65.50°, 64.04°, 62.75°, 56.62°, 54.31°,
44.04°, 41.23°, 39.18°, 36.08° and 27.43° represent the TiO,
(rutile) (JCPDS 75—1748), and additional peaks at 41.00°, 59.38°
and 74.70° has confirmed the presence of AgZn (JCPDS
65—6585) as doped material. The presence of curve at lower
angle may be due to its cubic structure and narrow peaks in
the spectra are due to the nano-sized structure of the parti-
cles. High intensity peaks at 27.34° for 2 4 value is preferred
orientation for synthesized nano-composites with compara-
tively lowest surface energy than other planes.

S
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Fig. 2 — XRD Graph of Ag—Zn Doped TiO, NCs showing the
crystalline nature of synthesized material.
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Fig. 3 — SEM Micrograph of (a—c) Ag—Zn doped TiO, NCs.

Debye Scherer equation applied for the determination of
average size calculation of synthesized Ag—Zn doped TiO,
NCs.

kA
Dayg=——
9 Bcos

Where k is dimensionless crystalline factor with value of 0.96,
Arepresents the wavelength of Ni—Cu Ka radiations and d and
0 represents the full width half maximum in radian of each
peak and angle is radiant, respectively. Average crystallite size
of synthesized Ag—Zn doped TiO, NCs was found 5.66 nm.

—@)- Ag doped TiO,

b Zn doped TiO,
-© Extract
Ag-Zn Doped TiO,

Absorbance (a.u)

0 T T T T T T T T T
300 400 500 600 700
Wavelength (nm)

Fig. 4 — UV Vis spectra of (a) Ag doped TiO, (b) Zn doped
TiO, (c) Plant extract and (d) Ag—Zn doped TiO, NCs,
showing the wavelength of maximum absorption.

3.3.  Surface morphology

Field emission scanning electron microscopy (FE-SEM) was
utilized for the morphological and structural determination of
fabricated Ag—Zn doped TiO, NCs (Fig. 3). It is defined that the
NCs has a wide range morphology including clusters, rose
petals like arrangements and nano-rods (Fig. 2a). NCs mainly
formed and stabilized by the NT extract. As it is evident from
the XRD analysis, the crystallite size of the Ag—Zn BMNPs was
5.66 nm. A variable shape (poly-morphological structure) was
observed of Ag—Zn doped TiO, NCs. In earlier studies, it was
shown that surface area and shape play a more significant
impactin the adsorption and reduction of adsorbed molecules
in catalytic processes. The wide range of morphology and
large size of synthesized NCs was may be due to the doping of
Ag—Zn BMNPs onto the surface of TiO, which is a well-known
catalyst to enhanced the NCs catalytic properties by
improving the energy bandgap and leads its vast range
application in different fields [35].

3.4. UV—vis analysis

The UV-VIS spectroscopy was used to investigate the optical
activity of Ag—Zn doped TiO, NCs. UV-VIS measurements
verified the presence of co-doped NCs. Metallic NPs have some
absorption maxima in the UV-VIS region; hence UV-vis
spectrophotometric measurement can be used as a quick
preliminary test to validate the nanoparticles fabrication.
Sudden colour change was the primary sign of Ag—Zn doped
TiO, NCs, Ag doped TiO, and Zn doped TiO, synthesis, and
this change was then analyzed by UV—Vis spectrophotometer
at wavelengths ranging 200—800 nm to find the surface plas-
mon resonance (SPR) of Ag NPs and lamda max of Zn NPs.
Fig. 4 indicated a prominent peak at 400 nm in the UV—Vis
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Fig. 5 — Catalytic decolorization of MB dye using (a) NCs and NaBH, at optimized conditions; 0.01 mM MB, 0.06 mg/mL
catalyst, 1.8 mM NaBH, (b) without using catalyst; 0.01 mM MB, 1.8 mM NaBHj, (c) MO catalytic decolorization using 0.01 mM
MO, 1.8 mM NaBH,, 0.1 mg/mL catalyst (d) without catalyst decolorization of MO dye using 0.01 mM MO, 1.8 mM NaBH, and

(e) LH mechanism showing decolorization of MB dye.

spectra of greenly produced Ag doped TiO, and Ag—Zn doped
TiO, NCs. Similarly, the previously results proven our results
for peaks of TiO,, ZnO and Ag NPs at 276 [36], 292 [37] and
420 nm [38] respectively. The minor displacement of the
spectral peaks was observed for Ag doped TiO,, Zn doped TiO,
and Ag—Zn doped TiO, NCs, which was due to the doping and
combined effect of bi-metals. These peaks were handful for
the determination of bandgap.

3.5. Catalytic studies

Methylene blue (MB) is the widely used dye in major industries
including cosmetics, fabrics, chemical, pharmaceutical, and
agriculture industries. Almost 6 tons of dyes are wasted yearly
in water which effect water bodies, animals and humans.

These days, scientists are producing materials to reduce these
dyes by adsorption, catalytic, photocatalytic decolorization and
advanced oxidation processes. In our research we mainly
focused to reduce MB catalytically, photo catalytically and
different factors that affect the reduction of dyes including pH,
Catalyst, dye and reducing agent concentrations [2,13,39].
Catalytic decolorization means reduction of dyes using a
catalyst system which provide specific area for dye and
reducing agent to adsorb and complete reaction of decoloriza-
tion either by reduction or breakage of the compound. It is a
slurry phase reaction in which catalyst is in solid phase and
reactants are in liquid phase [17,40]. Herein, Ag—Zn doped TiO,
NCs as the catalyst for the reduction and decolorization of MB
dye has been done by using 0.01 mM MB, 1.8 mM NaBH, and
0.06 mg/mL catalyst concentrations as clearly shown in Fig. 5a.
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While, the decolorization also monitored in the absence of
catalyst at same optimum conditions (Fig. 5b). The results
revealed that after 90 min there was minimal effect of NaBH,
for the decrease in the absorbance of MB dye. Similarly, MO dye
decolorization was also studied at optimum conditions, 0.1 mM
MO dye, 0.06 mg/mL catalyst and 1.8 mM NaBH, (Fig. 5c). The
results were outstanding as the decolorization was completed
injust 16 min and to confirm whether itis decolorization or just
NaBH, is reducing the dye molecule, another reaction was done
on same conditions but without catalyst presence (Fig. 5d). The
results shown no decolorization after 75 min, which proven the
efficacy of NCs catalyst. Decolorization of dye in the presence of
reducing agent NaBH, and catalyst Ag—Zn doped TiO, has been
explained on the basis of Langmuir Hinshelwood (LH) mecha-
nism. Fig. Se explains the decolorization mechanism of both
dyes. First of all, reducing agent ionizes in water and produce
BH', ions which get adsorb on the surface of catalyst and pro-
vide H" onit. At the same time, dye molecules get adsorb on the
surface of catalyst and reaction starts in which double bonded
nitrogen atom present in the dye molecule which give charac-
teristic color and properties to dye molecules reduces by up
taking of hydrogen from catalyst surface and reduction of dye
occurred in almost 8 min. Different factors including effect of
catalyst, effect of dye, effect of reducing agent, pH of solution
and at various temperatures the rate of decolorization of dye
has been studied. Previously decolorization of dye has been
monitored using NiFe,04 NPs [41].

3.5.1.  Effect of dyes initial concentration

Decolorization of MB was studies under different initial dye
concentrations range from 0.001 to 0.025 mM, 0.2 mg/L NT
stabilized TiO, Ag—Zn doped TiO, NCs dose, 27 °C temperature
and contact time of 8 min (Fig. 6a). MB colour removal was
observed 73% at 0.020 mM concentration. After this concen-
tration the decolorization decreases due the conjugation of
dye molecules in solution. They face difficulty to reach at the
surface of catalyst due to hyper conjugation and less mole-
cules reach there to degrade [42]. It was previously reported
that the decolorization of MB dye at Ag—Zn doped TiO, NCs
was 25% in 8 min. So it can be stated that the decolorization of
dye depends upon the initial concentration of dye. It would be
maximum at 0.020 mM with 1 mL of 0.2 mg/L and decreases
after and before this concentration.

Kinetic studies revealed the rate of the chemical reaction.
Model reaction (Fig. 6b) explains that the decolorization of dye
at 0.01 mM completed in just 8 min. The rate of the chemical
reaction and different steps included in the complete decol-
orization of organic pollutant MB dye were studied (Fig. 6c).
The reaction followed pseudo first order kinetics according to
the equation

In(A¢ /Ao) = —Kapp x t (1)

It can be seen that at first there was very slow decolor-
ization in 2 min which is induction time for the reaction to
start, from 2 to 8 min' reaction speed up and completed in
8—10 min. The induction time, decolorization time and re-
action completion time for different dye concentrations were
different and almost increases with increase in concentra-
tion of dye. Fig. 6d and i explains the decolorization time of
the catalytic reaction with same optimal conditions for MB
and MO dyes’ decolorization at which the rate of decolor-
ization was comparatively very fast which was at 0.01 mM for
both dyes [43]. The more time taken by the reaction to
complete at higher dye concentration is due to the limited
active sites at constant amount of catalyst in all the reaction
mixtures. At higher concentration of dye, molecules of dye
face difficulty of come and adsorb on the surface of catalyst
due to steric hindrance and take more time for completion of
reaction.

Decolorization of MB and MO with respected to time was
observe and recorded in the form of percentage decolorization
in Fig. 6e—j, which was 90% and 93% respectively. MO was
completely degraded in just 16 min which is efficient as
already reported decolorization time, which was about 90 to
60 min [44,45]. Kinetic studies revealed that the decolorization
of MO dye was almost zero in first 5 min which could be called
induction time. The next step was observed the decolorization
time from 5 to 13 min and finally reaction completion time
13—-16 min at different dye concentrations (Fig. 6g). Fig. 6h,
corresponds to the slopes of pseudo first order catalytic
decolorization kinetics of MO dye for the determination of
Kaap- Further, Fig. 6i, shows the MO decolorization in terms of
Kaap- This shows the remarkable effectiveness of NCs in the
presence of NaBH, to degrade anionic dye (MO) as well as for
cationic MB dye.
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Fig. 8 — (A) Pseudo first order kinetics of MO decolorization (b) slopes of kinetics and (c) apparent rate constant vs time (min)

of different catalyst concentrations.

3.5.2. Catalyst dose effect

To study that which concentration of catalyst is most suitable
for maximum decolorization of methylene blue dye, different
amount of catalyst ranging from 0.02 mg/mL to 0.10 mg/mL
were used against 0.02 mM MB dye. Fig. 7a clearly shows that
decolorization increases with increase in catalyst concentra-
tion. Fig. 7b shows the percentage decolorization of dye which

more clearly explains that the decolorization of dye increases
rapidly with increasing catalyst dose up to 1 mL and after this
decolorization rate increases with very low rate. It means that
1 mL of catalyst dose if more reliable competitively for
maximum decolorization of MB dye. By increasing the catalyst
dose more active sites are available for catalytic decoloriza-
tion but at very high concentration catalyst molecules hinders

Table 2 — Kinetics study for the decolorization of methylene blue dye.

Factors MB (mM) NaBH, (mM) Ag—Zn doped TiO, NCs (mg/mL)  Kapp (min™")  Half-life (t12) R?
(min~?%)

MB 0.004 1.8 0.06 0.2431 2.85068 0.9783
0.008 1.8 0.06 0.2774 2.52551 0.9954
0.01 1.8 0.06 0.3964 1.74823 0.9880
0.015 1.8 0.06 0.3229 2.14618 0.9921
0.02 1.8 0.06 0.2659 2.60624 0.9858
0.025 1.8 0.06 0.2325 2.98065 0.9912

TiO, doped Ag—Zn 0.01 1.8 0.02 0.3106 2.23116 0.9840

MO 0.01 1.8 0.04 0.3572 1.94009 0.9540
0.01 1.8 0.06 0.3917 1.76921 0.9997
0.01 1.8 0.08 0.4025 1.72174 0.9954
0.01 1.8 0.1 0.4751 1.45864 0.9899
0.004 1.8 0.06 0.2928 2.36680 0.9891
0.008 1.8 0.06 0.3074 2.25439 0.9427
0.01 1.8 0.06 0.3195 2.16901 0.9767
0.015 1.8 0.06 0.2322 2.98449 0.9798
0.02 1.8 0.06 0.2289 3.02752 0.9861
0.025 1.8 0.06 0.2157 3.21279 0.9961
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Fig. 9 — Effect of pH on decolorization (%) of MB and MO dye.

dye molecules to get adsorb on the specific active sites of the
catalyst and react with the reducing agent to complete the
reaction.

Kinetic of the reaction revealed the best concentration at
which the rate of the reaction is maximum and give better
results in decolorization of pollutants in water treatment. As
shown in Fig. 8a, 0—2 min the reaction rate was almost zero at
this state the molecules of the dye move towards the surface
of Ag—Zn doped TiO, NCs, after this from 2 to 8 min the rate
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Fig. 11 — Energy bandgap of Ag—Zn doped TiO, NCs.

raised exponentially due to reaction between dye molecules
and reducing agent, at the end the reaction completed in
8—10 min. Fig. 8b shows the negative slope for the determi-
nation of kqpp. It can be seen clearly that the rate of the re-
action was very fast for 0.1 mg/mL catalyst dose due to the
availability of large number of active sites for the decoloriza-
tion of dye. The rate increases with increase of catalyst dose
which reveals that the rate of concentration varies directly
with amount of catalyst shows the efficiency of the catalyst.

——5mLNC
——4mLNC
3mL NC
—2mLNC
1 mLNC
— 0.0l mM MO

(b) Wavelength (nm)
> ‘  C \\i“ Organic Pollutants
MB MO
H,0 + CO,
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Fig. 10 — UV Vis spectra of photodecolorization of (a) MB, (b) MO at different catalyst dose; decolorization (%) of (c) 0.01 mM of
MO and MB dyes at 1-5 mL of 2 mg/L NCs' concentrations and (d) photocatalytic decolorization mechanism.
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Table 3 — Comparison of previously reported decolorization studies of different dyes and presnt study.

Nano-catalyst Dye Reducing Decolorization Reaction time k..,  References
agent (%) (min)
Ag—Zn doped TiO, NC MB NaBH, 90 8 0.2431 Current research
MO 93 16 0.3195
Au NPs MB NaBH,4 90.4 11.0 1.123  [51]
Ag-polystyrene-poly (Nisopropylmethacrylamide- Rh—B NaBH,4 92 12 0.720 [52]
acrylic acid)

Ag —p (NMA) CR NaBH, 87 16 0.047 [53]
PVA-PDA@Au beads Rh—B NaBH,4 90 60 = [54]

zeolitic imidazolate framework-8 (ZIF-8) Rh—B NaBH,4 89 10 = [55]

BiO—Br NWs Rh-B  LIGHT 90.1 60 0.14966 [56]

Co NPs CR NaBH,4 83 23 0.047 [57]

Fig. 8c explains the k., at different concentration of catalyst
by keeping the concentration of dye and reducing agent con-
stant. The value of half-life and observed rate constants are
shown in Table 2 [46—48].

3.5.3. Effect of pH

Decolorization of dyes using nano-catalysts are greatly
affected by pH of solution. The effect of pH on decolorization
of methylene blue (MB) and methyl orange (MO) was studied
by retaining its array from 3 to 11 at 0.01 mM and 0.0045 mM
primary concentration of dyes respectively, 1 mL (0.2 mg/L)
Ag—Zn doped TiO, NCs dose, 0.1% NaBH, at room temperature
for 8 min and response is exposed in Fig. 9. Maximum MB
removal was attained at highly acidic pH 3, it was 58.5% which
gradually reduces to 15% at pH 11. Deceptively, the decolor-
ization manner is acid-focused for MB. On other hand the
removal of MO was maximum at highly basic pH 11, it was 67%
and reduce to 0% at pH 3. Liu et al,, 2017 reported that MB
removal form waste water was higher at acidic medium and
decreases with increase in pH of medium [49].

3.5.4. Kinetic studies of decolorization

Table 2 gives the complete description of apparent rate con-
stant, regression factor and Half-life of the different concen-
trations of MB and Ag—Zn doped TiO, NCs dosage for
decolorization of dye. It would be easy to select the optimum
concentrations of reagents to get efficient decolorization of dye.

3.5.5. Photo-catalytic studies

The photocatalytic decolorization studies was observed on
UV-VIS spectrophotometer with 300—800 nm range. The
spectra were observed with initial 0.01 mM MB (Fig. 10a) and
MO dye (Fig. 10b) concentration at 1-5 mL of 0.2 mg/L. The
photo-catalytic decolorization of MB and MO was studied as
the function of Ag—Zn doped TiO, NCs catalyst dose (Fig. 10c).
Different conditions was adjusted including neutral pH and
180 min contact time at 26 °C room temperature. In case of MO
the decolorization at 1 mL catalyst was 30% which increases to
45% at 5 mL catalyst dose after this decolorization remains
constant this is due to the low absorption of light by the sur-
face of catalyst to absorb and degrade the methyl orange. On
other hand decolorization of MB increases with increase the
catalyst dose. This is due to the increase the surface area for
the MB molecules to be adsorbed by Ag—Zn doped TiO, NCs. In
the presence of light, the surface of catalyst absorbs the light

photon to excite electron from valence to conduction band
and to generate hydroxyl (OH®) free radical to decolorize dye
effectively (Fig. 10d).

3.5.6. Energy bandgap

The catalytic activity and photocatalytic activity of Ag—Zn
Doped TiO, increased due to the reduced bandgap of TiO,
after doping with Ag—Zn nano-particles. The bandgap of TiO,
material was reported to be 3.4 eV [50]. The bandgaps for Ag,
Zn and Ag—Zn doped TiO, was were calculated using UV-VIS
studies (Fig. 4). In our studies the prepared nano-composites
bear the bandgap of over 3 eV as shown in Fig. 11. This was
the main reason for the efficient catalytic activity of Ag—Zn
doped TiO, nano-composites. Table 3, illustrates some previ-
ously done work for decolorization of dyes.

4, Conclusions

Ag—Zn doped TiO, NCs were effectively synthesized utilizing
5% AgNOs3, ZnCl, on TiO, as a precursor and Nicotiana Tabacum
leaves extract at 60 °C with continuous stirring. The Nicotiana
Tabacum leaves extract acted as both a reducing and a stabi-
lizing agent. The production of the Ag—Zn doped TiO, NCs was
confirmed by UV-visible spectral peaks at 274, 296 and
400 nm. Ag—Zn doped TiO, NCs had an average crystallite size
of 5.66 nm and a tetragonal geometry. The catalytic decolor-
ization of MB-dye, NaBH,, and Ag—Zn doped TiO,NCs was
then carried out using synthesized Ag—Zn doped TiO, NCs.
Detailed analysis showed that the reaction was completed in
8 min, and kinetic analyses of the data supported the pseudo-
first-order process having k.p, value 0.2431 min~". Hence,
Nicotiana Tabacum leaves extract can be used for synthesis of
Ag—Zn doped TiO, NCs. The authors suggested that Ag—Zn
doped TiO, NCs can be used to reduce azo-dyes, which can
be a useful tool for treating wastwater from the textile
industry.
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