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Abstract

Nowadays industries are letting out many reactive dyes making them waste and causing many serious environmental and
ecological problems. Many researchers are working on the appropriate method to remove pollutants and impurities from
different industries. ZnO is considered as important photocatalyst, due to its excellent properties, including non-toxicity, high
redox potential, low cost, and environmentally friendly features. Activated carbon, due to its high surface area and pore
volume, is considered the most efficient adsorbent in pollutant removal. It is considered an important adsorbent having a
unique structure related to its functional properties. Kinetic studies of dye adsorption on activated carbon and its modified
forms are widely studied by many researchers. We have synthesized ZnO by reflux method followed by doping various
concentrations (2:1), (1:1) and (1:2) of activated carbon into ZnO. The Photocatalytic experiment is performed with Methylene
Blue, Eosin-Y Dye, and Rose Bengal dye. The synthesized ZnO powder and ZnO composite with activated carbon are
characterized by various characterization techniques such as UV-Visible Spectra, X-Ray diffraction, and Scanning Electron
Microscopy. The band calculated was observed for (a), (b), (c) and (d) respectively to be nearly equal to 3.2 eV. Well-
distributed activated carbon attached to the surface of ZnO is observed. The composition of zinc (Zn) and oxygen (O) peaks
approves the purity of ZnO nanoparticles. Further, Photocatalytic dye degradation of Methylene Blue dye was observed in 14
min.
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1. Introduction

Nowadays industries are letting out many reactive dyes
making them waste and causing many serious environmental
and ecological problems. This dye-containing wastewater is
very harmful to aquatic life and ecology.[ Many researchers
are working on the appropriate method to remove pollutants
and impurities from different industries.”d There are many
physical and chemical methods used to remove dye.l4
Contaminants from waste water leads to skin ulcers, many
skin diseases, damage to respiratory and digestive systems and
other countless side effects.) Photocatalytic treatment of
organic pollutants requires photo-excitable semiconductor
material like ZnO, TiOz, ZrO,, WOs, etc.®l Recently
photocatalytic dye degradation is extensively used for the
removal of dyes from wastewater by many scientists over the
world."8] Semiconductor photocatalysis is a powerful and
cutting-edge approach to wastewater remediation, thereby

I Advanced Physics Laboratory, Department of Physics, Savitribai
Phule Pune University, Pune, 411007.

2 Department of Chemistry, Prof. Ramkrishna More Arts, Commerce
& Science College, Pradhikaran, Akurdi, Pune — 411044.

*Email: chaitali25jagtap@gmail.com (C. Jagtap)

© Engineered Science Publisher LLC 2023

offering the huge possibility of harnessing naturally available
sunlight.l! ZnO has attracted many researchers due to its low
cost,ll high level of photocatalytic activity,'y] non-toxic
nature,? chemical stability,[*s] and optical properties.*l The
increased degradation efficiency of the carbon source was the
main contribution for the improved decolorization of the
sludge adding with conductive Polyaniline.'s When
illuminated with an appropriate light source, the photocatalyst
generates electron/hole pair with free electrons produced in
the empty conduction band leaving positive holes in the
valence band. These electron/hole pairs are capable of
initiating a series of chemical reactions that eventually
mineraliz the pollutants.l®! ZnO can be synthesized by various
methods such as the hydrothermal method,'? Sol-Gel,!8!
Precipitation method,”! Pyrol method,?? Solvothermal
method,?4 Spray pyrolysis,?2 Reflux method.?! ZnO has
various applications such as gas sensors,?4 photocatalysis, 2!
Biological,”?® Solar cell,? and supercapacitors.?! Activated
carbon, due to its high surface area and pore volume, is
considered the most efficient adsorbent in pollutant removal.
It is considered an important adsorbent having a unique
structure related to its functional properties. Kinetic studies of
dye adsorption on activated carbon and its modified forms are
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widely studied by many researchers.l?9 Activated carbon is
considered a potential absorbent dye and demonstrates the
high ability to dye molecules adsorption and high ability to
dye molecules adsorption by molecular sieve mechanism.
Results of these investigations suggested that the high specific
surface area and porous structure of AC were effective in
photoactivity via increasing adsorption, which is the
determining step in the heterogeneous photocatalytic reaction.
Therefore, a combination of adsorption and heterogeneous
photocatalysis makes photo-oxidation more beneficial for the
dye compound removal from wastewater.3% The first time new
ZnO supporting carbon-based catalysts with highly enhanced
catalytic properties promoting the green and selective
synthesis of quinoline derivatives.?!

In the present study, we have synthesized ZnO by reflux
method followed by various proportion of activated carbon
into ZnO. The Photocatalytic experiment is performed with
Methylene Blue, Eosin-Y Dye, and Rose Bengal dye. The
synthesized ZnO powder and activated carbon composite ZnO
powder are characterized by various characterization
techniques such as UV-Visible Spectra, X-Ray diffraction,
and Scanning Electron Microscopy.

2. Experimental details

2.1 Materials

All chemicals of analytical grade were used without any
further refinement. Zinc Chloride (Thomas Baker), Sodium
Hydroxide (SRL), Citric Acid Monohydrate (SRL), Eosin- Y
(s-d fine), Rose Bengal (Himedia Laboratories), Methylene
Blue (High Purity Chemicals), Double Distilled water.

2.2 Synthesis of pure ZnO nanoparticles and activated
carbon doped ZnO

A series of Activated Carbon doped samples were prepared by
dissolving zinc chloride, in double distilled water with
Activated to obtain 2:1, 1:1 and 1:2. Activated carbon on the
ZnO surface respectively. Each 0.2 M zinc precursor solution
was dissolved in 100 ml double distilled water subjected to
magnetic stirring at 70 <T under refluxed chemical method
approach for 2 h, 0.2 M citric Acid was added to the above
solution to avoid agglomeration. Then, 2 M sodium hydroxide
solution was prepared in 200 ml double distilled water and
was added dropwise at the rate of 1 drop per sec. to an above-
prepared solution. After the complete addition of sodium
hydroxide solution, the total solution was magnetically stirred
for 2 hours at 80 <C. The prepared solution was cooled
overnight and it appeared blackish. The precipitate collected
was then centrifuged multiple times at 4000 rpm and dried at
70 <C for 24 hours. The dried powder was then grinded in a
mortar and pestle. The grinded powder was annealed at 450 C
for about 4 hrs. Finally, activated carbon composite with ZnO
nanoparticles were obtained. Thus, bare ZnO is named as ‘a’,
and ZnO with different composition ratio as 2:1, 1:1 and 1:2
of activated carbon named as ‘b’, ‘c’, ‘d’ was synthesized
respectively. The four powders are further characterized by
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various characterizations.

2.3 Characterizations methods

XRD (D/B max-2400, Rigaku, USA) was used to determine
the crystalline nature, phase, and average crystallite size of the
ZnO nanoparticle. Morphology was studied using Scanning
electron microscopy (SEM) (JEOL JSM 6360-A, USA),
Optical study was performed wusing a UV-Vis
spectrophotometer (JASCO  V-670, Germany). The
photocatalytic degradation of MB was performed under
OSRAM 300 W Halogen lamp as the source of visible light
(emission range ~400-800 nm).

3. Result and discussion

3.1 Structural analysis

Figure 1 shows the XRD spectra of bare ZnO doped with
various concentrations of Activated carbon in the ratio 1:0, 2:1,
1:1, and 1:2. the standard peaks were obtained for all samples
at 26 values 31.74< 34.42< 36.26< 47.58< 56.62< 62.90<
62.42<66.96<67.91<69.08< 72.58A, 76.92A corresponding
to the (100), (002), (101), (102), (110), (103), (200), (112),
(201), (004), (202). The obtained reflections in all samples
correspond to JCPDS card No. 05-0664 with a wurtzite phase
and hexagonal structure.

JCPDS Card No. 00-005-0664
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Fig. 1 XRD Pattern of Annealed (a), (b), (c), (d).
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3.2 Optical analysis

Figure 2 shows the UV Visible spectra of Activated carbon
and ZnO composite with Activated. From the Figure, it is
observed that activated carbon completely absorbs the UV-
Visible light irradiation.!®233 The graph is obtained by fitting
the Tauc model and Davis -Mott model in the high absorbance
as described earlier. The energy band gap is determined by
extrapolating the linear line portions to the energy axis.3+3]
The band calculated was observed for ‘a’, ‘b’, ‘¢’, and ‘d’
respectively to be nearly equal to 3.2 eV. The lower shift is
observed when ZnO is combined with Activated Carbon to
form a nanocomposite. Therefore, the visible light absorption
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Fig. 2 UV-Visible Spectra of Annealed (a), (b), (c), (d).

of the material increases in carbon content. However activated Carbon Nanocomposite with ZnO shows better degradation as
carbon results in the adsorption of dye but it does not include compared to Only ZnO.

the degradation of organic compounds, so when a small
amount of ZnO is involved, it also helps to degrade organic 3.3 Morphological analysis
compounds present in the wastewater. Therefore, Activated Figure 3 shows well-distributed activated carbon attached to
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Fig. 3 SEM micrograph of Annealed (a), (b), (c), (d) at *10K magnification.
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the surface of ZnO. As the composite ratio changes there is a
change in particle size, the decrease in particle size increases
the active sites, thereby promoting the adsorption of more
organic compounds. The SEM images of activated carbon
revealed the microporous and mesoporous morphology. ZnO
nanostructures appear as spherical particles that are
aggregated to form slightly aggregated nanoparticles. In (b)
the nanoparticles are in composite with Activated Carbon.
Some traces of activated carbon are observed with ZnO
nanoparticles. The particles are observed to be aggregated. In
(c) there is an equal amount of activated carbon present,
therefore there is equal distribution of ZnO nanoparticles and
activated carbon. In (d) the ratio of activated carbon with ZnO
is 2:1, therefore, the activated carbon amount is more than
ZnO and therefore there is a large amount of activated carbon
present in it. In (AC) the SEM image of Activated Carbon is
observed to be a flakes-like structure. Diacon et. al observed a
flake-like structure for activated carbon.* Emil observed a
flower-like structure for ZnO nanoparticles.®! Yadav et. al
reported ZnO -activated nanocomposite in 1:1 ratio
nanocomposite with agglomerated particles containing neck
with neighbors further forming spindle-like shapes.i!

3.4 Compositional analysis
Figure 4 shows the Compositional analysis of Annealed of ‘a’,
‘b’, ‘c’, and ‘d’ The composition of zinc (Zn) and oxygen (O)

peaks approve the purity of ZnO nanoparticles. The existence
of an Activated carbon array contributes to the composite of
AC in the ZnO matrix. Table 1 shows the Atomic Weight
percent in ZnO composite with Activated Carbon.

Table 1. Compositional Analysis of Annealed of (a), (b), (c), (d).

Sample (@) (b) (c) (d)
Element Atomic wt %

Zn 51.6 24.3 15.2 6.4
0] 48.4 46.5 34.1 28.1
AC - 29.2 50.7 65.5
Total 100.0 100.0 100.0 100.0

3.5 Photodegradation study

Here, in this study, we have done the photodegradation effect
of ZnO and ZnO composite with activated carbon on
methylene blue dye. Here we have used 10 ppm dye and 50
mg of powder of ZnO and ZnO/AC. Fig. 5 shows the
photodegradation of Methylene Blue dye of ‘a’, ‘b’, ‘c’, and
‘d’ Bare ZnO, i.e. (a) degrades in 100 min, ZnO /AC (2:1), i.e.
(b) degrades in 100 mi as the active sites available not much
as compared to bare ZnO. In (c) the concentration of Activated
carbon is equal to the ZnO, therefore, dye degrades in 35 min.
In (d) the Activated carbon concentration is twice the bare
ZnO which degrades in 14 min. Table 2 shows a literature
survey of Dye degradation.

Table 2. ZnO and various composite materials exhibiting degradation time.

Sr. Semiconducting . Degradation

No. Material Composite Dye Time Ref.
1. TiO2 Fes04s@Ag@TiO2 Methylene Blue 120 min [39]
2. TiO2 Ni/NiO/TiO2 Methylene Blue 120 min [40]
3. TiO2 Porous TiO2 Ceramic/Ag-Agcl rhodamine B 50 min [41]
4, TiO2 Mesocrystalline TiO2/sepiolite Methylene Blue 160 min [42]
5. TiO2 TiO2-PDMS rhodamine B 60 min [43]
6. TiO2 g-CsN4 loading on TiO2/Bentonite RBR-X3BS 100 min [44]
7. ZnO g- C3N4 rhodamine B 120 min [45]
8. ZnO Graphene Methylene Blue 100 min [46]
9 ZnO Biomass Methylene Blue 120 min [47]
10. ZnO Carbon Methyl Orange 120 min [48]
11. ZnO Graphitic carbon nitride gCN Orange Il dye 360 min [49]
12. ZnO lignin based Rhodamine B 50 min [50]
13. ZnO Polyaniline Acid Blue 25 dye 60 min [51]
14. ZnO ZnFe204 Rhodamine B 180 min [52]
15. ZnO Silver and Graphite Methylene Blue 20 min [53]
16. ZnO Polyhedral/haemetite/carbon Rhodamine B 120 min [54]
17. ZnO V205 Methylene Blue 180 min [55]
18. ZnO Carbon Rhodamine B 60 min [56]
19 ZnO TiO2/ZnO/Fenton Methylene Blue 140min [57]
20. ZnO NiO/ZnO Methylene Blue 240 min [58]
21, Zno MOF derived porus ZnO/C Methylene Blue 180 min [59]

Nanocomposites

22. ZnO polymeric g-CsN4 composite Methylene Blue 60 min [60]
23. ZnO Activated Carbon Methylene Blue 14 min \Ij\;zieknt
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Fig. 4 Compositional Analysis of Annealed (a), (b), (c), (d).
Figure 6 shows the photodegradation of Eosin-Y ‘a’, ‘b’,

‘c’, and ‘d’. Bare ZnO, i.e. (a) degrades in 70 min, ZnO /AC
(2:1) i.e. (b) degrades in 70 min as the active sites available
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Fig. 5 Photodegradation of Methylene Blue Dye with ZnO Annealed (a), (b), (c), (d).
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not much as compared to bare ZnO. In (c) the concentration of
Activated carbon is equal to the ZnO, therefore, dye degrades
in 35 min. In (d) the Activated carbon concentration is twice
the bare ZnO which degrades in 18 min.

Figure 7 shows the photodegradation of Rose Bengal ‘a’,
‘D’, ‘c’, and ‘d’. Bare ZnO, i.e. (a) degrades in 80 min, ZnO
[AC (2:1), i.e. (b) degrades in 80 min as the active sites
available not much as compared to bare ZnO. In (c) the
concentration of Activated carbon is equal to the ZnO,
therefore, dye degrades in 40 min. In (d) the Activated carbon
concentration is twice the bare ZnO which degrades in 25 min.
Table 2 shows the literature survey of composite material.
Percentage degradation efficiency can be calculated using
Beer-Lambert law, according to its concentration of dye is
proportional to its absorbance shown in Equation (1).162.62

R=""Cx100=2"2x100 (1)
Co Ao

where Co, Ao is the concentration at an absorbance of dye at
reaction condition time (0) and C, A is the concentration at an
absorbance of dye at reaction condition time (t) minute
respectively. the dye degradation percent efficiency has
resulted in Table 3.
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The following Equation (2) shows kinetic model well
explains the relation between the degradation of MB with the

time of different samples.[®!

dc  kKC
Rate = ——=——~ 2

Where C is the concentration of dye (mg/L) at an instant t, t is
the time for which the sample is irradiated, k is the first order
constant of the reaction and K is the adsorption constant of dye
on nanoparticles. Additionally, we can simplify this equation
to pseudo-first-order-equation (3).64

In <§—Z = —kt ®3)

Furthermore, the half-life, ti2, can be calculated from the

following Equation (4) and tabulated in Table 2.

In2
Ly = nT (4)

Figure 8 shows Relative concentration versus irradiation
time of (A) Methylene Blue (B) Eosin-Y (C) Rose Bengal for
‘a’, ‘b’, ‘c’, and ‘d’. Figure 9 shows Plots of - In (C/Co) versus
irradiation time of of (A) Methylene Blue, (B) Eosin-Y, (C)
Rose Bengal ‘a’, ‘b’, ‘c’, and ‘d’. Figure 10 shows Plots of
Photodegradation Efficiency versus irradiation time ZnO
Annealed (a), (b), (c), (d).

3.6 Mechanism of photocatalytic reaction
The Kinetics of Methylene Blue Dye degradation can be
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Fig. 6 Photodegradation of Eosin-Y with ZnO Annealed (a), (b), (c), (d).

explained as follows. When visible light is incident Activated
Carbon and MG act as a photosensitizer and transfers the
electron to the conduction band of ZnO. As the conduction
band of ZnO has negative potential, they reduce O, to O,
superoxide. These superoxide radicals adsorb H,O molecules
on the surface of the catalyst and H* ions from the solution
form hydroperoxyl.OH, radicals. The holes (h*) in the valence
band of ZnO/AC form OH- radicals. The oxidized radical (OH)
deeply oxidizes MB to form degraded products.
AC + hv = AC”
AC* 4+ Zn0 = (egp) Zn0 + AC**
AC** = AC + hip
MB + hv = MB*
MB* 4+ Zn0 = (ez3)Zn0 + MB**
MB** = MB + hjg
Zn0/AC + hv = (ecg)Zn0/AC + h;fg ZnO/AC
ecpinzno + 02 = Zn0 +- 05
-0, + H20 =-HO + OH~
*0; + HY =-0H,
2-HO, =H,0,+0,
H,0,+ e~ =-OH + OH~
hyg inzno + OH™ = ZnO/AC +- OH
-OH + MB = degradation products
Zn0

AC(h;f5)(direct holes)

+ MB = degradation products
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Fig. 7 Photodegradation of Rose Bengal with ZnO Annealed (a), (b), (c), (d).

Table 3. Rate Constant and Half-Life of of Annealed of (a), (b), (c), (d).

Sample @

Dye Methylene Blue Eosin-Y Rose Bengal
Rate constant(k) (mm™1) 0.16 0.02 0.04
Half-life (min) 4.32 328 15.69
Sample (b)

Dye Methylene Blue Eosin-Y Rose Bengal
Rate constant(k) (mm-) 0.02 0.04 0.04
Half-life (min) 25.95 14,51 14.24
Sample (c)

Dye Methylene Blue Eosin-Y Rose Bengal
Rate constant(k) (mm-) 0.15 0.07 0.09
Half-life (min) 4.47 9.56 7.02

Sample (d)

Dye Methylene Blue Eosin-Y Rose Bengal
Rate constant(k) (mm-) 0.57 0.17 0.14
Half-life (min) 1.19 3.85 4.85

© Engineered Science Publisher LLC 2023
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4. Conclusion

In this work, ZnO/AC for various ratios of the composite was
synthesized using the reflux method. XRD, UV-visible, and
SEM analysis reveal the composite of AC into ZnO. The XRD
showed a wurtzite structure. The UV-Visible spectra showed
a 3.2 eV band gap. The photovoltaic activity of methylene blue
was found to be higher under visible light irradiation with
activated carbon composite with ZnO was found to be in 14
min. With the increase in irradiation time the
photodegradation efficiency increases. So, ZnO composite
with AC is found to be effective to treat contaminated water
from various textile industries.
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