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ABSTRACT

In this proposed research work, Zinc oxide is fabricated with carbon nanotubes, nitrogen, and silver. The conclusion
of the distinctive hybrid of dopants on the ZnO/MWCNT nanocomposite was studied. Acidic and basic nature dyes
are used to check the efficiency of the composite photocatalyst. The hydrothermal & microwave route was adapted
for combining mesoporous nanocomposite samples. The XRD analysis confirmed the information to the nanoscale
crystal with the hexagonal dimension of ZnO. The observation of UV-vis spectra validates its photocatalytic
competency in the visible beam as an outcome of the reduction in the bandgap energy. The proficiency of the
photocatalyst was additionally entrenched over the axing in electron-hole recombination activity referring to
dwindling PL intensity. The BET inspection supports the mesoporous structures of the samples. The SEM micrograph
revealed the existence of agglomeration in nanoparticles with MWCNT while the perusal of TEM images established
the existence of a 16-24 nm diameter of the MWCNT. Furthermore, the EDX analysis confirmed the presence of the
Zn,N, O, Ag, and C.
Keywords: Hydrothermal, Microwave Irradiation, MWCNT, Silv er, Nitrogen, Zinc oxide, and Photocatalysis.
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INTRODUCTION

The visible-light responsive photocatalytic ZnO nanostructures have been synthesized by two approaches,
i.e., co-doping and nanocomposite formation. The doping of ZnO with another metal oxide (i.e., Ag) has
been reported in several works.!> The ZnO-coupled with silver exhibits numerous advantages such as the
generation of electrons/holes.? The availability of clean and affordable water has become one of the prime
challenges in the 21st century.* The freshwater available on earth is only 3% which is further distributed
unevenly in various parts of the globe in the form of freshwater lakes, rivers, streams, glaciers, and
underground aquifers.’ Unfortunately, anthropogenic activities have polluted these sources of water leading
to water scarcity across the world.*”
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Fig.-1: The General Scheme of the Photocatalytic Process

Several approaches to impurity removal include; adsorption, chemical precipitation, sedimentation, and
various biological ways. However, these techniques generally cause the generation of secondary
pollutants.!® Photocatalysis has presented a strong candidate among wastewater treatment technologies
owing to its prodigious potential and high efficiency.!! It can also employ sunlight to get rid of organic
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pollutants and harmful microbes by using solid photocatalysts (Fig.-1).!> A perfect catalyst must be
activated by the photons of visible light, chemically stable, and non-reactive.'* SnO,, TiO,, CdO, ZnO, and
their composites are acceptable photocatalysts to eliminate unrefined water.'*'® The bandgap of these
semiconductors allows absorption in the only UV region (388 nm) which corresponds to only 4% of the
solar radiation. Thus, the visible region (400 to 700 nm) that constitutes 40% of the solar spectrum remains
unused in such cases. Also, the TiO, and ZnO exhibit a maximum e™-h" recombination speed which affects
the degradation rate of pollutants.!” All these drawbacks limit the photo-degradation potency of the
photocatalyst. A simple method to increase the separation of the charge carried by doping of transition
element in the semiconductor is to consider and grow the energy limit of photoexcitation.'® Doping of
metals particularly Ag, Cu, Fe, Mn, Cr, Au, Ce, Sm, and non-metals like N, S, B, F, and C play a critical
function to dwindle the band gap energy inclusive of charge carrier recombination rate.'>** The concept of
mesoporosity arises to provide maximum surface area per gram of sample, so that maximum photocatalysis
can be achieved from less quantity of photocatalyst sample.?! Saleh ef al. prepared MWCNT/ZnO
embedded nanocomposite for acetaldehyde removal.?> CNT/ZnO nanocomposite prepared by Ahmad et al.
for photodegradation of Rhodamine B.? The hydrothermal method used by Liu et al. for ZnO/MWCNT
nanocomposite.”* ZnO/AI/CNT nanocomposite doped with ZnO has been prepared by Bu et al. via the sol-
gel method.” The drop coating method has been used by Elias et al. for Zns (PO4)/CNT nanocomposite.*
ZnO/TiO./CNT has been fabricated by Dalt et al. for photocatalysis.?’” Reddy et al. fabricated ZnO/CNT
nanocomposite for photocatalysis.”® Jing et al. prepared ZnO/CNT nanocomposite for photocatalytic
application.”? ZnO/MWCNT nanocomposite fabricated by Saleh ez al.*® ZnO/CNT nanocomposite doped
with nitrogen has been prepared by Elias et al. for photodegradation application.’! Okeil et al. prepare
ZnS/ZnO@CNT and ZnS@CNT for photocatalysis.> Cadmium doped ZnO/CNT has been prepared through the
microwave method by Azghandi et al.>* MWCNT/ZnO nanocomposite doped with nitrogen and iron has been
prepared by N. Chauhan et al. via a hydrothermal approach.** M. Basit et al. fabricate ZnO/CNT nanocomposite by
vapor-liquid-solid process.®> L.M. Cursaru et al. prepared ZnO-CNT nanocomposite in a high-pressure state.*®

EXPERIMENTAL
The Chemical Utilized
The chemical employed in the experimental work belongs to Sigma Aldrich. De-ionized water, Sodium
hydroxide pellets, Urea, Zinc Chloride, Silver nitrate, Methylene blue, and Congo red dyes are used.

Synthesis of ZnO/MWCNT Nanocomposite

As shown in Fig.-2, Solution 1 contains 0.1 gram of MWCNT in 25 ml of water and 1 molar concentration
of zinc chloride (subjected to 1-hour sonication). Solution 2 contains 1 molar solution of sodium hydroxide
added dropwise to solution 1 so that a white precipitate is obtained after microwave treatment (solution 3).
Hydrothermal treatment at 180 degrees Celsius for 24 hours is provided for solution 3. The white powder
has been obtained after filtration, washing, and drying.** Table-1 shows the chemical compositions of the
samples. MWCNT has been prepared by the CVD process as mentioned in Escobar M. et al.>’

RESULTS AND DISCUSSION

Study of Photocatalytic Degradation of Dyes

This process is employed to measure the photocatalytic capability of organized catalysts against target dyes.
In this process, the aqueous solution dye is to be checked i.e., the target dye is subjected to artificial light
(430-530 nm) in the presence of prepared photocatalysts (0.1 gm in 200 ml dye solution). Before exposure
to light, the prepared suspension is treated under sonication for 30 minutes in dark. Briefly, the dye solution
is brought in close vicinity of a light source that is irradiated from the top of the target sample. The target
solutions generally get decolorated during this process. During this process, the concentration/intensity of
the color and degradation rate are monitored (adsorption is checked) at rapid intervals (15 minutes) through
UV-Vis spectroscopy, whereas the same solution without the photocatalyst act as a reference.3®

X-Ray Diffraction

The X-ray diffractometer (PANalytical) excites the sample to delocalize the inner-shell electrons of the
sample material leading to characteristic X-Ray production. In Fig.-4, X-ray diffraction spectra reveal
wurtzite, highly crystalline, and hexagonal structure of ZnO (JCPDS No: - 800075) with its corresponding
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miller indices. Two extra peaks in samples P,, P3, and P4 at 38.09° and 44.30°, belong to silver (JCPDS
No:- 841261). Peaks at 31.71°, 34.33°, 36.18°, 47.45°, 56.51°, 62.81°, 67.90°, and 69.02°refers to the
wurtzite ZnO crystal.>® The crystal size, as determined by using Debye- Scherrer formula (D = 0.94)A/Bcos
0) increases with an increase in doping percentage i.e., 18.17, 19.12, 21.07, and 23.22 nm for P, P», P3, and
Pa.
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Fig.-2: The General Scheme of the Experimental Process

Table-1: Elements of Composition with Sample Code

S. No. 1 2 3 4
MWCNT (0.1 g) | MWCNT (0.1 g) | MWCNT (0.1
Chemical 0.1 g MWCNT + + Silver (2%) + | + Silver (3%) + g) + Silver
composition ZnO ZnO + Nitrogen | ZnO + Nitrogen (4%) + ZnO +
(4%) (4%) Nitrogen (4%)
Sample Codes P, P, P Py
i
= [
1 Molar Dye 15 minutes interval
Concentration = l

Filtration and
Centrifugation

Fig.-3: The General Scheme of The Photocatalytic Degradation Of Dye

UV-visible and Photoluminescence Study

As the incident UV-Vis light consists of photons, the amount of absorbed photons provides the peak in the
spectrophotometer. This peak varies with the amount the photons absorbed which is plotted against the
wavelength. The corresponding peak provides detailed information regarding the specific wavelength of
absorption, the concentration of solute, and the presence of impurities. Ultraviolet and visible (UV-vis)
spectrophotometer was used for the measurement of absorption spectra of the synthesized nanocomposites.
Fig.-5 (a), Absorption spectra of prepared samples show a red shift i.e., spectra shifted toward a higher
wavelength with a rising in the percentage of dopants. UV-visible-NIR spectrophotometer (Perkin Elmer
Lambda 20) was used for recording the absorption spectrum of samples in the range of 250-800 nm.*°
Zn0 is a direct band semiconductor [(ahv)? Vs (hv), in Tauc’s plot]. In Fig.-5 (b), the line obtained in Tuac’s
plot by extrapolating the x-axis provides the exact value of band gap energy (3.2, 2.75, 2.58, and 2.50 eV).
In the case of photoluminescence analysis (Agilent Cary Eclipse), Absorption of light takes place after
incidence on the sample by influencing its energy axis to the sample, and this phenomenon is known as
photoexcitation.*! Fig.-5 (c), oxygen antisemites, zinc vacancies, and oxygen interstitials are various defects
that exist in the ZnO lattice shown by luminescence spectra. Intensity falls progressively with increasing
doping percentage i.e., pure ZnO shows maximum intensity and maximum doped sample shows minimum
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intensity can be correlated with progressive fall in charge carrier recombination speed with doping
concentration,*?
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Fig.-4: X-Ray Diffraction Graph of the samples
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Fig.-5: (c) Photoluminescence Graph of the Samples
Morphological Study
Scanning electron microscope belongs to the class of electron microscopes, which is inured to determine
the exterior morphology of the sample. This microscope scans the sample with a high-energy electron beam.
In contrast, SEM (SU8010-HITACHI) uses an electron beam to magnify and visualize the sample.* In Fig.-
6(a), shows the doped MWCNT/ZnO nanocomposite agglomerations with 19-34 nm diameters of CNT.
EDX (Quantax 200) in combination with SEM shows Zn, O, Ag, and N elements in samples P, and P4, in
Fig.-6(b). In contrast to SEM, the electron beam used in the case of TEM (FEI-Technai G2 F20) is of higher
energy which can penetrate through the ultrathin specimens,* TEM images of sample P, are shown in Fig.-
6(c). The surface area of a solid material can be understood by the BET (Quantochrome) analysis. BET
stands for a theory proposed by three scientists Brunauer—Emmett—Teller. It works on the phenomenon of
physisorption or physical adsorption. In BET analysis of sample P4, 115.7 m%gm of surface area, 2.2 nm
pore diameter, and mesoporous morphology with type 4 hysteresis have been revealed. Type 4 hysteresis
shapes refer to the ink bottle shape morphology of pores.*’
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Table 2: Degradation Efficiencies of Photocatalyst After 90 Minutes
Sample P1 Pz P3 P4
Congo Red 10% | 65% | 70% | 80 %
Methylene Blue | 14% | 74% | 87% | 98 %

Photoexcitation of semiconductor nanoparticles leads to reduction and oxidation progression. Exposure of
visible light source with the photocatalyst for the degradation of Congo red (497 nm, acidic dye) and
Methylene blue (668 nm, basic dye) dyes in 90 minutes is shown in Fig.-3 and Fig.-8 (a-b). All the samples
contained a fixed proportion of MWCNT and nitrogen and different proportion of silver. Prepared samples
act as an efficient photocatalyst because of nanoscale size and crystalline nature as shown by TEM and
XRD studies. With an increasing proportion of silver, the degradation of dyes increases due to a decrease
in electron-hole recombination (Photoluminescence Study) and band gap energy (UV-vis study).
Composite formation with carbon nanotubes is vital to provide an active site for adsorption, due to porous
structure (BET study).
CONCLUSION

The photocatalytic performances towards the degradation of two dyes of all the samples were analyzed. In
the subjection to visible radiance, the apical degeneracy was prosecuted in the content of P4 (methylene
blue (98%) and congo red (80%)). The hypothesis for the apical photocatalytic potential of porous ZnO
nanocomposite was attributed to the task of the dopant to deprecate charge carrier activity, and reduction
in the bandgap energy (as decided by UV-vis and PL spectroscopy). In the future, efforts can be made
toward the integration of novel ZnO compounds based on advanced nanomaterials such as polymers,
graphene, and metal-organic frameworks with synergistic photocatalytic properties. Further, the scope of
this work can be extended toward the development of low-cost and commercially viable water treatment
systems using sunlight as the source of energy.
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