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Abstract-In this study, Ag/GO doped ZnO nanocomposites are synthesized by sol-gel and modified thermal
heat treatment method. The characterization of Ag/GO/ZnO nanocomposite has been studied by X-ray,
SEM, FT-IR, and UV-Vis spectrophotometer for their structure, morphology, functional group, and
absorption spectra analysis. The Photocatalytic activity of Ag/GO/ZnO nanocomposites is investigated by
the degradation of methylene blue as an organic pollutant based on dye removal under radiation of
ultraviolet (UV). The pseudo first-order kinetics is also investigated. The experimental result shows that the
ZnO nanoparticles are greatly improved and compared to Ag/GO/ZnO nanocomposite. It expresses that
around 99% of MB dye degraded in only 180 minute under UV irradiation. Furthermore, they showed good
cyclic performance and easy recovery from the test solution, demonstrating the possibility of their practical

use.
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1. INTRODUCTION

Textile industry is a vital and quickly emerging
industrial segment in Bangladesh and play vital role of
economic development of the country. At present, around
6000 textile industry grew up in the country, and the
export stood around $30 billion per year from this sector
[1]. Beside this significant economic benefit from the
textile industry, it faces the social and environmental
impacts associated with the generations of toxic
wastewater from its wet processing operation. Various
treatment technologies have been developed for the
textile wastewater namely physical, chemical and
biological treatment [2-3]. The use of 0zone can generate
hydroxyl radicals (*OH) that can oxidize a broad range of
pollutants non-selectively and the process is known as
advanced oxidation processes (AOPs). Advance
oxidation processes (AOPs) is considered as one of the
most modern technology that is capable of convert
unwanted contaminants to harmless products. Literature
investigated several AOPs such as Fenton, UV-H,0,,
UV-ZnO, Solar-ZnO, UV-TiO,, Solar-TiO,, Os-UV, and
03-H20; [4]. Recently several approaches have been
studied to increase the photocatalytic activity of ZnO for
textile effluents treatment including metal doping (e.g.
Fe, Cu, Al, Cr, Ag, Au, Pt, Pd, Zn, Bi, Mo, Co, Ni, Ce
etc.), non-metal doping (e.g. N, C, S, F, I, B etc.) and
co-doping with metal/metal (Zn-Cu, Fe-Ni, Y-Dy, Cr-Co,
Co-Ni, Ag-Mo, Zn-Eu, etc), metal/non-metal (Pt-N,
Mn-P, Y-N, Mo-C, Cu-N, etc) and nonmetal/nonmetal
(N-S, B-N, C-F, N-I, etc) with the semiconductor of ZnO
[5-9]. The doping of metal/non-metals or co-doping with

ZnO nanocomposites has been investigated under UV
irradiation with the suspension of batch reactor.
Recently, the deposition of Ag on ZnO nanostructures
improve the photocatalytic activity due to stable
separation of generated electrons and holes [10]. They
demonstrated that only 80 min were needed to fully
degrade methylene blue (MB) under UV light using
AQ/ZnO nanostructures. The effect of Ag-incorporated
ZnO nanostructures have been studied on destroying
rhodamine B (RhB) and confirmed an enhancement in
photocatalytic efficiency through decoration of ZnO
nanostructures [11]. So far, a large amount of work has
been carried out to integrate ZnO with carbon-based
materials such as CNT, C60, graphite, GO and
graphene/rGO. Specifically, two-dimensional (2D)
exhibits high electronic conductivity and mobility, high
specific surface area and excellent thermal and
mechanical properties have been investigated [12].
However, UV-ZnO/Ag/GO nanocomposite is a widely
used AOPs for the treatment of textile wastewater
because of low cost, stability in aquatic systems, low
environmental toxicity and thus it becomes an extremely
attractive photocatalyst for the generation of -OH radical
[13-14]. Thus, the proposed technology in combined
with the existing conventional technology will assist to
remove toxic and bio-persistent dye contaminants
effectively and will lead to zero liquid discharge that is
not achievable by using the existing technology alone.
This paper sequentially represents the synthesis of
ZnO/Ag/GO  nanocomposite, characterization  of
nanocomposites, and design of UV photocatalytic reactor.
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Then finally, the photocatalytic activity of
UV-ZnO/Ag/GO nanocomposite process for the
treatment of azo dye (Methylene Blue) with optimization
based on dye removal has been studied.

2. MATERIALS AND METHODOLOGY

2.1 Materials

Zinc acetate dehydrate (Zn(CH3;COO),-2H,0),
sodium hydroxide (NaOH), graphene oxide (GO)
solution ethanol (C,HsOH) and hydrochloric acid (HCI)
were purchased from Merck life science private limited.
Silver nitrate (AgNOs) was purchased from Merck
KGaA64271 Darmsladt. Methylene blue (C16H1sCIN3S)
was purchased from BDH Chemicals Ltd, Poole
England.

2.2 Preparation of Zinc Oxide Nanoparticle

ZnO nanoparticle are synthesized by sol gel method
using zinc acetate dehydrate and sodium hydroxyl. Zinc
nitrate (0.2 M), 8.78gm is dissolved in 200 ml of distilled
water and is kept under constant stirring for 15 min to
complete dissolution, then the solution (0.1M), 0.8gm of
NaOH is mixed with distilled water respectively [15].
The NaOH solution is slowly added into zinc acetate
dehydrate solution at room temperature under vigorous
stirring, which results in the formation of a white
precipitation. The white precipitation product is
centrifuged at 4000 rpm and washed with distilled water
several times to form a nanoparticle. Then the collected
precipitated are dried at 90°C (1hr), 100°C (1hr), 110°C
(2hr). And finally the obtained product is calcined at
400 °C in Muffle furnace for 2 hours.

2.3 Preparation of Silver Doped Zinc Oxide
Nanoparticle

ZnO/Ag nanocomposite are synthesized by sol gel
method using zinc acetate dehydrate and sodium
hydrosyl. Zinc nitrate (0.2M), 8.78gm is dissolved in 200
ml of distilled water and is kept under constant stirring
for 15 min to complete dissolution, then the solution
(0.1M), 0.8gm of NaOH is mixed with distilled water
respectively. The NaOH solution is slowly added into
zinc acetate dehydrate solution at room temperature
under vigorous stirring. Then (0.1 M) AgNOs, 1.34gm is
dissolved in 80 ml of water and added to the previous
solution with continuous stirring carefully that the
resulting formation leads to precipitate [16]. The white
precipitate product is centrifuged at 4000 rpm and
washed with distilled water several times to form a
nanocomposie. Then the collected precipitated are dried
at 90°C (1hr), 100°C (1hr), 110°C (1hr). And finally the
obtained product is calcined at 400°C in Muffle furnace
for 2 hours.

2.4 Preparation of Silver and GO co-doped Zinc
Oxide Nanoparticle

ZnO/Ag/GO nanocomposite are synthesized by sol
gel method using zinc acetate dehydrate and sodium
hydroxyl. Zinc nitrate (0.2M), 8.78gm is dissolved in 200
ml of distilled water and is kept under constant stirring
for 15 min to complete dissolution, then the solution
(0.1M), 0.8gm of NaOH is mixed with distilled water

respectively. Then the prepared 0.01wt% GO (0.46ml)
solution is dissolved in 60ml of ethanol and is kept under
constant stirring for 15 min to complete dissolution [17].
Then the solution is sonication for 40 min in sonicator
carefully. Then the GO solution is added to the previous
solution at room temperature under vigorous stirring.
Then prepared 0.1M AgNOs, 80 ml of water added to the
solution with continuous stirring and keep it rest under
room temperature for 1days. Then the resulting
formation leads to a blackish precipitation. The blackish
precipitation product is centrifuged at 4000 rpm and
washed with distilled water several times. The collected
precipitated are dried at 90°C (1hr), 100°C (1hr), 110°C
(1hr). And finally, the obtained product is calcined at
400°C in Muffle furnace for 2 hours.

3. PHOTOCATALYTIC EXPERIMENT

The UV/ZnO suspension experiments are carried out
in a batch reactor with the influence of solution pH,
photocatalyst dosage and initial dye concentration. The
125 ml of methylene blue dye solution is placed into the
cylindrical Pyrex cell of 250 cm® beakers with the
different doses of ZnO/Ag/GO nanocomposites. The
experiments are conducted at surrounding room
temperature. There are 5 UV lights containing each of
20W are used as light source. The oxidation is performed
with fixed initial dye concentration of 15 ppm at 125 ml
solution and fixed pH of 8 with the help of UV irradiation.
The pH is regulated by adding incremental amounts of
either dilute HNO3; or NaOH to the solution. The
photocatalyst material is kept in the beaker with the
continuous magnetic stirring. The magnetic stirring
speed is maintained at medium speed throughout the
study to ensure equilibrium is reached. At the end of
preset time intervals, samples are withdrawn and the
changes in concentration of dye solution is analyzed by
using UV-vis spectrophotometer. The batch reactor
studies are also carried out at surrounding temperature of
interval 11.00 am to 2.00 pm.
The percentage (%) degradation is calculated as follows:

% Degradation = % X100 ..o, 3.1)

o
Where Cp = initial concentration of dye solution, Ct =
concentration of dye solution after irradiation.

Rate constant equation:
Cen _ _
In (C_o) = kt
K= GV o (3.2)

Where Cy is the initial concentration of dye, and C; is the
concentration of dye at reaction time t (min).

4. RESULTS AND DISCUSSIONS

4.1 Characterization

The analytical techniques used in this research work
for characterization of ZnO/Ag/GO photocatalyst are
UV-Vis Spectroscopy, Fourier Transform Infrared
Spectroscopy (FT-IR), X-ray Diffraction (XRD),
Scanning Electron Microscopy (SEM) analysis. The
analytical results obtained are discussed in this particular
section with respect to performed test in the laboratories.

4.1.1 Ultraviolet-Visible Spectroscopy (UV-Vis)
of ZnO/Ag/GO Nanocomposite
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The photocatalyst of ZnO/Ag/GO nanocomposites
are monitored by UV-Vis spectrophotometer in the range
of 200-800 nm for obtaining the maximum absorbance
with respect wavelength [18]. The 1 mg samples of ZnO,
Zn0O-Ag, Zn0O-Ag-GO nanocomposites are dissolved in
10 ml distilled water with continuous stirring carefully.
The maximum absorbance of with respect wavelength of
ZnO, ZnO/Ag, ZnO/Ag/GO nanocomposites are shown
in the Figure 4.1.
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Fig. 4.1: Ultraviolet-Visible Spectroscopy of ZnO,
ZnO/Ag, ZnO/Ag/GO nanocomposites

4.1.2 Fourier Transform Infrared Spectroscopy
Study

Doping of metals into zinc oxide changes the intensity
of peaks as it can be seen in all samples. Therefore, in all
cases the peaks of 3020 cm™ to 3440 cm™ corresponding
to the OH transfers and reacts with free radicals available
in the dye which leads to the photocatalytic oxidation of
the dye. The bands at 2900 cm™ and 2940 cm™ are
attributed to C-H bending and stretching mode [19]. The
broad absorption in the range of 1585 cm™ is assigned to
the bending vibration and stretching mode of water and
hydroxyl groups on the surface of the samples. The peaks
from 464 cm? to 474 cm? represent the stretching
vibration of ZnO in all cases. On doping with silver,
stronger and wider absorption bands are observed in the
region of ~ 676 cm™. The absorbance bands of ZnO,
Zn0O/Ag, ZnO/Ag/GO nanocomposites are shown in the
Figure 4.2.
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Fig. 4.2: FTIR spectra of (a) ZnO (b) Ag doped ZnO (c)
Ag and GO co-doped ZnO photocatalysts

4.1.3 Scanning Electron Microscopy (SEM)

To investigate the morphology and particle size of
ZnO, ZnO/Ag, ZnO/Ag/GO nanocomposite, SEM
images are taken and presented in the Figure 4.3. The
most morphology of the single particle is columnar in
shape. There is a significant change in the surface
morphology of ZnO, ZnO/Ag, ZnO/Ag/GO thin film are
shown. It can be seen that Ag-doped ZnO has a porous
surface which is important for the photocatalytic
application [20]. The Ag content strongly affects the ZnO

surface. The average particle size distributions of ZnO,
Zn0O/Ag, ZnO/Ag/GO nanocomposites are 80-90, 60-70,
and 75-85 nm respectively.
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Fig. 4.3: SEM and particle size distribution of (a) ZnO,
(b) Ag/ZnO, and (c) Ag/GO/ZnO

4.1.4 X-Ray Diffraction

The XRD analysis is employed to identify the phase
structure and the purity of the photocatalysts. The XRD
patterns of commercial ZnO and prepared Ag/ZnO
photocatalysts are recorded [21]. The results showed in
Figure 4.4 (a), (b), and (c) evidenced strong diffraction
peaks indicating that the synthesized products have high
crystallinity. All the prepared samples have the typical
hexagonal Wurtzite structure of ZnO with 2-Theta;
diffraction peaks at 31.7°, 34.5°, 36.2°, 47.7°, 56.84°,
63°, 68.1° in Figure 4.4(a) corresponding to (100), (002),
(101), (102), (110), (103) and (112) planes, respectively.
The maximum diffraction intensity was observed at
36.2°. Ag/ZnO samples revealed three smalls additional
diffraction peaks at 38.2°, 44.2°, and 64.5° that
correspond to (111), (200), and (220) crystal planes due
to the presence of Ag in Figure 4.4(b). These peaks are
associated with the face-centered-cubic phase of metallic
Ag. No characteristic peaks of impurity phases, such as
silver oxide phases, were observed from the patterns. The
main peaks of the XRD pattern of Ag/GO/ZnO
nanocomposite are shown in Figure 4.4(c).
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Fig. 4.4: XRD spectra of (a) ZnO (b) Ag doped ZnO (c)
Ag doped GO co-doped ZnO photocatalysts

4.2 Effect of Concentration on photocatalytic
Degradation of Methylene Blue Based on Doses

The effects of concentration on photocatalytic
degradation of MB dye based on doses are studied. The
amount of photocatalyst is varied from 0.05 to 0.35gm
per 125 ml of constant dye solution of 15 ppm
concentration and pH was 8.0. We observe that with
increasing catalyst amounts degradation of MB increases
due to increase in the number of active surfaces on the
catalyst and attains maximum value at an optimum
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photocatalyst load (here 0.300 gm per 125 ml solution).
Maximum concentration of MB dye from 15.00 to
0.0867 ppm is achieved at 3 h under UV irradiation using
0.350 gm ZnO photocatalysts. Similarly, Maximum
concentration of MB dye from 15.00 to 0.1099 ppm is
achieved at 3 h under UV irradiation using 0.350 gm
ZnO/Ag photocatalysts. And finally, Maximum
concentration of MB dye from 15.00 to 0.0145 ppm is
achieved at 3 h under UV irradiation using 0.350 gm
ZnO/Ag/GO photocatalysts. The effects of concentration
based on doses are shown in the Figure 4.5 (a), (b), and
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Fig. 4.5: (a) Effect of dye concentration for degradation
of MB by using ZnO photocatalyst
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Fig. 4.5: (b) Effect of dye concentration for degradation
of MB by using ZnO/Ag photocatalyst

MB dye are 49.53, 65.73, 71.35, 82.95, 86.09, 97.61, and
99.42 for 0.050 gm, 0.100 gm, 0.150 gm, 0.200 gm,
0.250 gm, 0.300 gm, 0.350 gm ZnO photocatalyst
respectively under 180 min contact time. Similarly, The
removal percentage of MB dye are 51.39, 70.88, 72.48,
85.78, 89.23, 98.79, and 99.86 for 0.050 gm, 0.100 gm,
0.150 gm, 0.200 gm, 0.250 gm, 0.300 gm, 0.350 gm
ZnO/Ag photocatalyst respectively under 180 min
contact time. Finally, The removal percentage of MB dye
are 55.26, 72.53, 75.67, 88.51, 90.78, 99.53, and 99.90
for 0.050 gm, 0.100 gm, 0.150 gm, 0.200 gm, 0.250 gm,
0.300 gm, 0.350 gm ZnO/Ag/GO photocatalyst
respectively under 180 min contact time. The effects of
removal percentage based on doses are shown in the
Figure 4.6 (a), (b), and (c).
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Fig. 4.6: (a) Effect of removal percentage based on
photocatalyst doses of ZnO in MB dye
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Fig. 4.6: (b) Effect of removal percentage based on
photocatalyst doses of ZnO/Ag in MB dye.

Fig. 4.5: (c) Effect of dye concentration for degradation
of MB by using ZnO/Ag/GO photocatalyst

4.3 Effect of Dye Removal for the Photocatalytic
Degradation of Methylene Blue

The effects of dye removal on photocatalytic
degradation of MB dye based on doses are studied. The
amount of photocatalyst was varied from 0.05 to 0.35gm
per 125 ml of constant dye solution of 15 ppm
concentration and pH is 8.0. The removal percentage of
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Figure 4.6: (c) Effect of removal percentage based on
photocatalyst doses of ZnO/Ag/GO in MB dye

4.4 Effect of Pseudo First-order Kinetics on the
Photocatalytic Degradation of Methylene Blue
The corresponding graphs for different photocatalysts
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reaction kinetics are plotted as shown in Figure 4.7 (a),
(b), (c). The respective photocatalytic reaction rate
constants are calculated from the slope of linear
trend-line plot. The respective rate constants for
photocatalytic MB dye degradation of 0.050 gm, 0.100
gm, 0.150 gm, 0.200 gm, 0.250 gm, 0.300 gm, and 0.350
gm photocatalyst doses of ZnO are found to be 0.0033
min, 0.0048 min, 0.0056 min-, 0.0079 min, 0.0103
min-1, 0.0173 min?, and 0.0259 min?t respectively.
Similarly, the respective rate constants for photocatalytic
MB dye degradation of ZnO/Ag are found to be 0.0034
mint, 0.0055 min?, 0.0057 mint, 0.0087 min?, 0.0114
min?, 0.014 min't and 0.0334 min™* respectively. Finally,
the respective rate constants for photocatalytic MB dye
degradation of ZnO/Ag/GO are found to be 0.0037 min™,
0.0057 min, 0.0062 min, 0.0095 min, 0.0125 min,
0.0237 min-t, and 0.0362 min? respectively. It
demonstrates that the straight lines almost fit the
experimental values. The slight deviations might be due
to operating conditions like light intensity, oxygen
concentration or interfering intermediates.
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Fig. 4.7: (a) Pseudo first-order kinetics of MB dye under
UV irradiation by using ZnO nanoparticle
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Fig. 4.7: (b) Pseudo first-order kinetics of MB dye under
UV irradiation by using ZnO/Ag nanoparticle
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Fig. 4.7: (c) Pseudo first-order kinetics of MB dye under
UV irradiation by using ZnO/Ag/GO nanoparticle

5. CONCLUSION

In this study, we have used modified sol gel method
with thermal treatment method for the fabrication of ZnO
nanocomposite along with Ag and GO doping. The
photocatalytic performance of MB dye in presence of
UV radiation has been investigated with contact time of
180 min. The optimum dopant of Ag and Go is 0.10 wt%,
and 0.01 wit% respectively. The optimum dye
concentration and pH was 15 ppm and 8.0 respectively.
The photocatalytic degradation MB dye is about 93.94%,
96.79% and 99.53 % have been found with optimum
photocatalyst doses of 0.300 gm, ZnO, Ag/ZnO, and
Ag/GO/ZnO respectively under UV irradiation. The
experimental suggests that the Ag and Go co-doped ZnO
nanocomposite shows the higher potential for the
treatment of textile wastewater in addition with exiting
treatment.
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