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Abstract

Environmental contamination is the major challenging issue for the advanced graing
countries due to exceptionadustrial developmenDyes hae playedavital role in global pollution

if they are not treated appropriatelg. this study heterogeneous photocatalysis progefisknown
semicaductor, ZnO nanoparticles (ZINPs) ae used for the degradation of dyesdue to its
capability to take part in both aelthse and redox reaction. Precipitatioraisighlyeffective and
recognized mibod used to synthesize ZnO NR&resuccessfully synthesized and characterizgd
applying various spectroscopic techniques i.XRD, SEM, AFM, ZP, FT-IR, and UV-Visible.
Engineered nanopatrticles were applied to check their effectivenélse photocatalyticeductionof

dyes, Rose Bengal (RB)and Eosin Y (EY) dyes in the aqueous medium. Tlaalgst
showedpotential photocatalytic efficiency up to 98% RB using 300 pug and >95% EY using 350 ug at
7pH. Dyes degradedompletelywi t hi n 3 mi nutes wunder sunlight
max) 548and 51%m, respectively. Moreover, various factorgere optimized dring degradation
protocoli.e. snlight, irradiation time, reducing agent, power of hydrogens dgacentrationand
catalyticdoseThe devateghotocatalytidegradatiorefficiencyof both dyes (RB and EY up to 98%
wereobserved. Consequentiallthe dyes reported in this study specidlly has never been tested
beforewith pureZnOnanocatalyst hen@nO NPs can be suggestedaanoreeffectivephotocatalyst

for thesuccessful degradation admplex dyesthen reported dueottheir complex structueg the
commercial level.

Keywords; Precipitation method, Photocatalytic degradation, Pollution, Rose Bengal, Eosin Y,
ZnONanocatalyst, Sunlight.
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Figure. 1. Graphical representation of synthesis and degradation of RB and EY.
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1. Introduction

In the industrial wastewatecolor is the major pollutangxtremelyvisible that affecting the visual
quality, transparency, and gas solubilitiésvater bodies due tiheintermixing of very low quantity

of synthetic dye¢< 1 ppm)in water.Dyes have griouseffects on thequatic life and deferring of
photosynthesis depesdipontheir concentration due the reflection and absorption of thersight
entering in watefo, the process of degradation of dyes from wastewater is not only to remove color
but alsodecreases toxicity simultaneo{HyMostly in all the industriesorganic dyes are used like
rubber, cosmetics, drugs, foogaints, and textile industries and continuously rekzhsn the
atmosphere anevater bodies hence organic dyes are highly toxic for the environment if they are not
treated properl?].

The most supreme contaminated variety of wastewatdhe dyes containing high pH, (COD)
chemical oxygen deman@nd low degradability, having a severe effect when not disposed of
well[3].The amount of dyeffluent which is released in the high quantity by the textile industries is
highly dangerous for the aquatic life ecosystem as well as for human [dgilngs very difficult to
decompose their anaerobdegradation effect incarcinogenic products under natural conditions
because of water stable and structure containing compounds. Therefore, the major requirement is the
removal or degradation of toxic components into-tmxic componen{$].In the previous few years,
there are serval resources have been used to treat dyes existing in the wastewaters deewell as
conventional biological and chemical methods, but not effective to rethewexicity of dyes in
wastewatdi6].Many methods are selected for the treatment of wastewater such as membrane
filtration, ion exchange, and coagulatilacculation processes, dtg], but ona small scalethese

are not apocopate for industries due to high resources and recurring expenditures. Therefore, metal
oxide semiconductors photocatalyst the Advanced Oxidation Process (AOP) have beewryr
much attention over old processes because of its simplicity and quick oxXjifation

In the process of AOP, there is an ultraviolet, infrared or visible light is used for the fragmentation of
dyes molecules in the alability of the photocatalyst and there are many heterogeneous
photocatalyst semiconducting materials such as ZnO, &i@d FegO;3, etc. were used for various
dyes treatment due to their capacity to contribute in bothlzese and redox reacti@.However,

the adsrption process is found to ba very cheap, effectivand interesting photocatalyst
nowadayglOldue to its potential uses in the various areascontaining energy, cataydis
atmospheric issugEl].But in the existence of UV lighmost of these catalysdreactivg12].There is

a lot of effortthat hasbeen completedin the earlier to improve sensitivity, activityand good
absorption of visible light3],and these have many benefits for their low cost and no foged
pressure or temperature for the degradation of dyes. Therdfephotocatalyss improved on more
emerging new methods teducethe combinationof watercontaminantand many dyesetc. from

the industrial wastage and domestic wastewatrThese photocatalystwere used for the
degradation without anymaking ofminorimpurities and carry toend productshaving no
toxicity[15]and these photocatalgstan also be separate able and reusable for the degradation or
reductiorn16).

The organic compound with anionic, wasaluble, photosensitive, odorlessd dark pink powder

is used in the photochemical and textile industries broadlyg gmely RB (GoH2CislsNaOs) is a
dangerous for the skin (itching and blistering irritation) and corneal epithelium lead to eye redness,
i nfl ammat i on [19]fwhiled BYe(CoHsBriNa®@s0is used in the paper and textile
industriesaravatersoluble dye and highly dangerous for irritationttod skin, pain, eye redness and
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permanently injured to the cornea because of damage of retinal ganglion cells of the human
being$18].Thereareso many dangerous effedif the inhalation of toxic dyes on the human organs
such as failure othe liver, kidneys, damages of DNA in the gastrointestidabpping of the
respiratorygas exchange ability due to that metabolites @etaminatedand carcinogenic for
life[19].

Transition metal oxides specially ZnO NPs are considered as one of the potential agents for the
degradation of toxinsdfeg from wastewaterhavinggreaterdegradation ability for organic dyes in
watef20].Thereareso many benefits including lowost, low salbility in water, easy to synthesis

and do notproduce as a minor contamingdi]. The novelty of this study is thathe proposed
nanocatalystare practicallyaplied for the degradation of dyes special)y and RBThe results

proved that ZnO NPs amexcellentcandidate for the degradation of dyesspeciallycomplexed
structured dyebke EY and RB

2. Experimental Work

2.1.Washing of Glasswares

The wellcleaned glasswares were used in the whole practical work, washed watiing agent

and sonicated by usirthe presence o0HNO3(1%) for 5 minutes, insed carefully with millig water,
andcompletelgetdry with thehelp ofanoven.

2.2.Chemical and Reagents

Precursors like zinc nitrate tetrahydi@e (NOs),.4H,0), sodium hydroxide (NaOH), mily water

and (NaBH) sodiunborohydride were used for synthetic protoc®8 and EY are ideal dyes for
degradation when ZnO NPs were used as a catalyst. Aulbstancesind componentaere used
without any further purificatioandwere of analytical grade

2.3.Synthesis of ZnO NPs

A highly effective andwell-recognized precipitatioschemewas used t@reparZnO NPs. In the
typical procedure (Zn (N€,.4H,0) (2 g) were dissolved in miltj water (120 mL), stirred up to
fully dissolved by using a magnetic stirrer, subsequently, 80 mL &fHNiaaving 0.5 M solutin was
added dropwise, until and unleb® appearance of white color was observed and again continuously
stirred at 60°C for 2 hours then allowed to settle down nanoparticleshiwhole night, later on,

the supernatant was carefully discarded and rmemahite chalky solutiongot to dry at
atmospherictemperatufer 1 hourafterdried inan oven at 95°C for 2 hours and grinned samples
were calcined at 458C for 2 hours irthe furnace.Conclusively the whiteprecipitateof ZnO NPs
gainedwas kept for advanced characterization and applied for the degradation of dyes.
2.4.Instrumentation

The morphological and topographical studies of synthesized ZnO NPs were examined by using SEM
(JSM 6380 of Joel, Japan), AFM (AFM 5500 Agilent, USA) releor a room temperature in which
nanometric size and-B topography wre revealed. The crystalline phase of ZnO NPs was
manifested via XRD in which (Bruker D8) with @uU i rr adi ati on (& = 1. 5.
surface charge on the particles in the medwas determined by using zeta potential (Malvern}. FT

IR (Thermo Nicolet 5700yvas used to know the functionalities in the nanoparticles at the range of
4000500 cm' and the UWisible spectrophotometer model (UV 1800 SHIMADZU) was used at
the range of @0-600 nm throughout the experiment.
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2.5.Catalytic Degradation of Dyes
The catalytic measurement of projected nanoparticles was evaluated by using RB and EY dyes. First
100 mL stock solution was prepared to have various concentrations i.e. 60, 50, 40, 30, 20, and 10
ppmthen 50 pL of NaBH (0.05 M) and 100 pg of ZnO NPs weken inanappropriate volume of
dye, sonicated for 30 secandnd kept under sunlight, lastly UVisible spectrophotometer was
employed to check the degradatioraaiegular time of intervals. The % degradation efficiency was
determined by the followinfprmula.

% Degradation = Xi gx 100 1
Whereas Xand X% areinitial and final absorbance dies,respectivelyMoreover, aimilar protocol
was followed for remaining factors such the effect of pH, the effect of sunlight irradiation time,
theeffect ofdye concentratiorthe effect ofcatalyst doseand reducing agef?].
3. Results and Discussion
3.1.UVisible spectrophotometric Analysis
The UV-Visible analysis was used initially to verify tkedfectivgpreparatiorand presence of ZnO
NPs. Figure 2 (A) displays thesupremeabsorption peak obtained at 378 nm, wikilgure 2 (B)
shows theconstancyof ZnO NPs that they wersteadyfrom new to 60 days. According tthe
describeddatgZnO NPs are confirmed itihe 320-390 nm rangi23].The authors confirmethe UV
absorption spectrum range of ZnO NPs at 37f2dhand 380 nrf25].
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Figure.2: UV-Visible spectra of ZnO NPs.

3.2.Fourier transform -infrared Analysis

In the range of 4000 to 500 émthe FT-IR study was achievei identify the surface functionality
of the ZnOnanomateria. The typical spectrum shows the interatomic vibrations below 1000 cm
correspond t&nO NPs. InFigure 3thebroad absorption band in the range 3400 to 350¢checks
the hydroxyl group stretching vibration whishowshe absorption of water on the surface of ZnO
NPs. The highly sharp and intense peak observed in the range of 433 to 5&6rmespond to the
vibrational stretching of the ZnO NPs indicating the fruitful manufacture &f XR$26].
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Figure.3: FT-IR Spectra of ZnO NPs.

3.3.Scanning electron microscopic Analysis

SEM analysis was employed to certify the surface topography of engineerddPZr@hd it was
carried out at low and high resolutions. THgure 4 displays the cluster shaped morphology having
like 13 nm of thickness. It can easily be observed ftoemmage that ZnO NPs are highly scattered
showing strong roughness which displaysamaaterialhaving agreatsurface to volume ratio and
arewell-organizedas a catalyst in the catalytic reactifig.
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Figure.4: SEM images of ZnO NPs.

3.4. Atomic force microscopic Analysis

The 3D surface morphology measurement of nanoparticlas imvestigated viaan atomic force
microscope (AFM). The AFM investigation reveals the effective fabrication of MR® via simple
and eminent c@recipitation protocol. Thasualsize of ZnO NPs wasieasuredo be 13 nm, which

is evidencedy smaller sized nanostructures amdreat match with the size measured from XRD
data. As it can be observed kgure 5 (A) 2-D image, (B) 3D image and (C) particle size
distribution, hencenanoparticlesare broadlyscattereaver a large area with massivieregularity
evidenced that the nanostructure could be an excellent postulant in catalytic pracik&lities
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Figure. 5: AFM images of ZnO NPs.
3.5.X-ray diffraction Analysis
The xray diffraction (XRD) techniqu&as used to confirmmhe crystallinenature, phase purityand
average size of the engineered ZnO NPsan be seen ifrigure 6, the diffraction plane at (100),
(002), (101), (102), (110), (103), (112), and (2@bnfirms a high degree of crystallinity and
wurtzite hexagonal structure girepared ZnOnanomaterialddditionally, the Debye Scherrer
formula was used to calculateggularcrystalline size (134 nm) of thepreparednO NPs using the
utmoststrongplane in the diffractogranmaving formula

~_

0= == (2)
HereD is themeancrystalline size, K is the dimensionless foleaturetaken asa continualwhich
hasaval ue of 0.9, | ambda ( erpyradaiontbh eresepatheavidtt atg t h

the mean peak height and d is ¢t[28e di ffraction
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Figure.6: XRD spectra of ZnO NPs.

3.6.Zeta potential analysis
The surface potential was manifested by employing nano zeta seiaanragstigative tool. The
Figure 7 shows a maximum peak of Zi@Ps obtained a20.0 mV on optimized conditions 0.276

http://annalsofrscb.ro 1478



Annals of R.S.C.B., ISSN: 15858, Vol. 25, Issue 7, 2021, Pagt473i 1488
Received 05 May 2021; Accepted 01 June 2021.

conductivity, 100% area, 5.14 mV zeta deviation. The higher zeta potential values of more than 30
mV show the stability of nanoparticles due to a larger electrostatic repulsion between partide result
were observed with previously reported W&®H.
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Figure.7: Zeta Potential spectra of ZnO NPs.

4. Catalytic Performance of Synthesized ZnONanocatalyst for the Degradation of Dyes
Optimization of Parameters

4.1. Study of pH Effect

The mostimperativefactoris a pHeffectthat helps in the reduction of B® Bengal (RB) and Eosin

Y (EY).To check this effect different solutions of both RB and EY were prepared to have
differentpHvalues range from@ Figure 8 (A-B) shows the maximum % reduction observed near 7
pH, araind74 and 72 % reduction was checked in the case of RB and EY respectively using
appropriate dyesolution (30 ppm), a reducing agent (50arlg catalyst dose (100 pg). The percent
reductiongraph is also shown in the inset of fhigureure (A-B) which futher confirms the
reductionpercentage.
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Figure. 8: (A) Effect of pH on RB % reduction (B) Effect of pH on EY % reduction.

4.2.Study of Sunlight Irradiation Time Effect

For both dyesRose Bengal (RB) and Eosin (EY) degradationsunlight irradiatiortime isanother

key factor to verify its effectiveness various samples of RB and EY 30 ppm of dye solutionwere
prepared to have 50 pg catalyst dose and reducing agent near 7 pH and were kept undersunlight for
optimization of sunlight effect at regular intef of time. Figure 9 (A-B) displayedmaximum
degradation observed to be 75 and 73 % in the case of RB and EY respectively utilizing30 min of
sunlight irradiation. This enhanced performance is due to increased temperature becauseof solar light
radiation It is clear from theFigureure that dyereducesmore with increasing sunlightirradiation

time. The percent reduction graph is also shown in the inset #lighesure which furtherconfirms
reduction percentages.
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Figure. 9: (A) Effect of sunlight irradiation time on RB % reduction (B) Effect of sunlight
irradiation time on EY % reduction.

4.3. Study of Dye ConcentrationEffect

Thedye concentratioaffectwas checked toalidatethe volume of dye consumed to checktieze

level reduction of Bse Bengal (RB) and Eosin (EY). In this effect, differentconcentrations (i.e.

60, 50, 40, 30, 20, 10 ppm) of RB and EY dye solution were prepared, fromeach concentration
appropriate volume was taken having 50 pg catalyst daseealucing agentat 7 pH. It is clear from
Figure 10 (A-B) reveals maximum reduction percentage observed to be 79and 76 % for RB and EY
respectively. The percent reduction graph is also shown in the insetFaftineure which further
confirms the reductio percentage.
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Figure. 10: (A) Effect of dye concentration on RB % reduction (B) Effect of dye concentration

on EY % reduction.
4.4.Study of Catalyst Dose in the absence of Reducing Agehtfect
The effectivenessof the peparedanocatalyst isassessedo recognizethe importance through
theoptimization of catalyst dose. To evaluate this step appropriate volume of 30 ppm Rose
Benga(RB) and Eosin EY) solution was taken in a test tube along with3B0 and 10850 pgof
catalyst dose respectively, foling optimized pH (7) by utilizing 3 min then spectra wererecorded.
As it is clear fromFigure 11 (A-B) maximum reduction was observed to be 85 and 80 %in the case
of RB andEY, respectively. The percent reduction graph is also shown in the insetafthreure
which further confirms the reduction percentage.
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