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Abstract: Asimple and a very convenient solution combusti@thod have been described to obtain ZnO nancfgariihe
band gap energy, particle size and morphology steidied by absorption spectra, XRD and SEM. Theqatatalytic activity of
synthesized ZnO nano particle on Brilliant red dyas studied by varying pH, amount of catalyst ayd doncentration
respectively According to the XRD the average crystallite siz&€00 was found to be 41nm and the band gap erafrgnO
wasfound to be 3.2 eV. The photocatalytic degradagificiency of this nanoparticle was found to be #)®8.6%, and 87.3%
for 25, 50 at 75 mg/L dye concentrations respelgtimgainst Brilliant Red dye.
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1. Introduction

Water is the wellspring of life and is the most orjant
liquid in the world to maintain the plant and anirife. Since
the two thirds of the earth’s surface covered byewand
human body consists of 75% of it, water is onehef prime
element responsible for life on earth. Water iddddue to the
disposal of wastes generated from the various dpwetntal
activities and causes pollution problem. Theretamechoices
to overcome these problemise.,, normally prevention and
control by adopting various strategies to minintize waste
generation and by different treatment methods. idiguaste is
of great concern because of their harmful effelctdustrial
wastewater contains wide variety of materials dhbarganic
and inorganic nature including toxic substances tliges and
pigments, which are usually discharged with or with
treatment.

Since the beginning of industrialization, the viriand
quantity of pollutants discharged into the envire@mnhave
steadily increased. But the rates of developmentvaste
production are not likely to diminish; efforts tordrol and
dispose of wastes are also rising. Among the paihst
currently thousands of tons of organic dyes dispdifrom
textile mills. Out of nearly 80,000 tons of annpedduction of

dyes, 10-15% of the world product dye is lost dgrihe
dyeing process and is released in textile efflughitsThese
colored dye effluents create several environmemitablems
by releasing toxic and potential carcinogenic safosts into
the aqua sphere. This massive influx of untreateghrac
chemicals into the waterways not only introducesttestic
concerns, but they promote eutrophication and aer
affect the environment [2]. Several studies havenbearried
out for biological, physical and chemical treatmefitdye
containing effluents [3]. Among these, biodegraniati
adsorption, chlorination and ozonization are the stmo
commonly used conventional methods. Dyes are ysuall
resistant to aerobic degradation. Hence bio tre@trabone
has been found to be ineffective for the treatnantye
effluents [4]. On the other hand, physical methedsh as
flocculation, reverse osmosis and adsorption aré no
destructive and mainly create pollutant concentrrgtieases,
and many of this process are not found economidadigible
[5]. The use of heterogeneous photocatalytic treatris more
attractive for the degradation of organic dyes @t to
physical process; it can facilitate the completaaralization
of organic compounds to carbon dioxide, water armaenal
acids [6-8]. Moreover, Photocatalysis does not irequ
expensive oxidant and can be carried out at nasuraight.
Hence, in the present work, the photocatalytic degtion
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of Brilliant Red (BR), a textile azo dye on syntizesl ZnO morphology which looks like scattered. The indiatiplates
nanoparticles under natural sunlight was investidaby are having sharp edges. The enlarged image shows th
varying other parameters such as initial dye comagan, particles are attached on the other particles.

solution pH and catalyst dosage.

2. Experimental

2000

2.1. Materials and Reagents

Chemicals such as Zinc nitrate Zn(js6H,O and NH
CO NH, all are of AR grade obtained from Hi media
chemicals Mumbai, and used without further purifiwa. E
Z

1500

Brilliant Red (The molecular mass = 958, =517 nm) and
distilled water was used for preparation of varisakitions.

1000

2.2. Apparatus and I nstruments 300 |

A 119 UV-Vis single beam spectrophotometer from
Systronics has been used for recording absorban&g.a o
Later the absorbance was recorded in UV-Vis 0 10 2 30 0 50 %
spectrophotometer 169 (Systronics). 28

Fig 1. XRD of synthesized ZnO nanoparticle

2.3. Synthesis of Nanoparticles

The photocatalyst ZnO was synthesized by solution
combustion method. Stoichiometric compositions ahcZ
nitrate and urea were calculated using the totalining and
reducing valencies of the components which serve as
numerical coefficients for stoichiometric balan®e10].

2.4. Synthesis of ZnO

The stoichiometric amounts of Zinc nitrate,
(Zn(NOs),.6H,0) (17.85g) was dissolved in a minimum
quantity of water along with (NHCO NH,) (6g) in a silica
crucible (with a volume of 100 cin The mixture was
introduced into the muffle furnace which was prdébdaat
600°C. Initially the solution foils, boils and urdees
dehydration followed by decomposition with the exmn of
gases (Mand CQ). Then, it burns to yield the residue. The & 3 -
gases evolved not only yield fine particles of rhetades but Fig 2. SEM micrographs of ZnO
also help to dissipate the heat which inhibitsesing of the )
product. Thus, combustion reaction was completatiimia ~ 2-6- UV Absorption Spectroscopy
few minutes [11]. The combustion reaction for thetbesis of
ZnO by the redox mixture method (urea) can be enits: Loo

ZnO|

6 Zn(NQy), + 10 NH,CONH, — 6 ZnO + 10 C@+ 20 H,0 +
16 NZ 0.8
2.5. XRD and SEM of Synthesized ZnO Nanoparticle

0.6+

The powdered sample of ZnO nanoparticle was exainine
by XRD and analysis was carried out on fresh sangpdessess
the purity of the expected phases and the degree of
crystallizationi.e., size, composition and crystal structure. 02
XRD was performed by Rigaku diffractometer using-KGu
radiation (1.5406 A) in &-20 configuration. According to the oo
XRD the average crystallite size of ZnO was foumde 41nm "0 40 60 s looo 1200
(Fig. 1). Also, Figure 2 illustrates SEM photogragif single WAVELENGTH(nm)
crystals of ZnO. The photographs revealed plate dikystal Fig 3. Absorption spectra of ZnO
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Absorption spectra of ZnO nanoparticle was reconrgsag

sunlight without the addition of catalyst and naydalation

a UV-Vis spectrophotometer over the wavelength eanfy was observed. To enhance the efficiency, diffedoge of
200-1200 nm at Nano Research Laboratory. From theatalysts were added. The results are shown iB,figt dye

spectrum, it has been inferred that ZnO nanoparti@ds
sufficient transmission in the entire visible ari/ tegion.

(Fig-3).

The band gap energy of the Zm@s calculated using the

following simple conversion equation [12], the bagdp
equation is calculated using the Planck’s equai®follows.

e = hch

h= Planck’s constant, C= Velocity of light=wavelength
h=4.135x10° eV, C = 3x18m/s

A= ----x10°nm

Band Gap Energy (eV) = 4.135x1%3x1¢ x10°

Band Gap Energy (eV) = 12.405%l0vavelength (nm)
Band Gap Energy (eV) = (1240/ 376) = 3.2 eV

The band gap energy of Zri@und to be 3.2 eV.

2.7. Procedure

Photo degradation experiments were carried out ®fh
dye (Fig 4) concentration 50mg/L prepared usingilldid
water. A known concentration of ZnO nanoparticles\added
to beakers containing BR dye solution. The suspanpH
values were adjusted at desired level using dN&®H and

concentration=50mg/L, catalyst concentration = .@gml,
initial solution pH = 9, and reaction time =120 min
respectively. The results showed that the ZnO nartigte
exhibited higher photocatalytic activity. The siamitesult was
also obtained in other studies with other typezuf dyes [13].
The decolourization result was explained on theisba$
higher quantum efficiency of ZnO. The band gap gyef
ZnO was found to be 3.2 eV. The Sun light energy feand
to be sufficient to cause excitation in ZnO nantipkar [14].
Beside the band gap energy, the charge carrieitdexsswell
as the catalyst structure and the crystallinity raisp have
significant impact on the photocatalytic activitybf16].

3.2. Effect of Catalyst Concentration

To determine the effect of the catalyst concerdratia
series of experiments were carried by varying thewnt of
catalyst from 0.1 to 0.7g/100mdye concentration = 50 mg /L
solution pH=9) respectively. The photo degradasfficiency
is as shown in Fig 5. As per the figure, for a tansreaction
time (120 min), the degradation efficiency was fouto
increases sharply by increasing concentration up to
0.4g/100ml, and then decreased gradually. At lower
concentration, the catalyst surface and adsormidight by
the catalyst surface are the limiting factors amcréase in

H2SO, and then the pH values were measured with pH pegatalyst greatly was enhances the degradatioriesftig. On

After that, the beakers were kept in the sunlighiwring

irradiation, agitation was maintained to keep thepgnsion

the other hand at higher concentration levels,itfaaliation
field inside the reaction medium was reduced dudedight

homogenous. The concentration of dye in each degdradscattering by catalyst particles [15].

sample was determined with UV-Vis spectrophotom&&9d

(Systronics) atina= 517nm. The percentage of photo
degradation D was determined by using the following

equatiofi, where G is initial concentration of BR and i8 the
concentration of BR at time't’.

-
(0]

NaO 3S
NH OH j@\
N

= | % 100

NaO 3S SOgNa N

SO 3Na
Fig 4. Sructure of Brilliant Red
3. Results and Discussion

3.1. Catalyst Type

Initially, blank experiments were performed undéreck

120 -

c
290 -
©
3
560
Q
2
30

0 m

Q catalyst conc: g/100m

Fig 5. Effect of catalyst concentration on photocatalytic degradation of BR
(BR= 50mg/L, pH=9, Time=120min)

Zn0+h — (gt hyg) cooeeeneennn. (1)

€t O, — O e 2
HO+0~ — OOH+OH.............. (3)
200H — O, + HyOy vevveenreen. (4)

O, +dye—» dye-OO.................. (5)
OOH +H0O +€;z —» H,0,+0OH........... (6)
H,O,+ 6 — OH+OH......ece..... (7)
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It has been established that the photocatalyseddatipn
of organic matter in solution is initiated by théhopo
excitation of the semiconductor, followed by theniiation of
electron-hole pair on the surface of the catalyBhe
mechanism of photocatalytic degradation for an dy® are
characterized by nitrogen to nitrogen double bofiis=N).
The color of azo dye is determined by the azo bamdstheir
associated chromophores and auxochromes. Azo haneds
the most active bonds in azo dye molecules and bman
oxidized by positive hole or hydroxyl radical odreed by

electron in the conduction band. The cleavage diadsto  These series of experiments illustrated that thgatation
the discoloration of dyes [17]. Mechanism of thegfficiency was inversely affected by the conceiara(Fig. 7).
photocatalytic degradation is as follows [18]. Thechanism The decrease in the degradation with an increasdye
of photocatalytic activity of Zn@anoparticle can be predicted ¢qncentration was ascribed to the equilibrium gotsan of

wdegradation
w o
o O

o

Fig 6. Effect of initial pH on photocatalytic degradation of BR, (BR= 50mg/L,
Zn0O=0.4g/100ml, Time=120min)

based on the equations as shown abdlreder sunlight
irradiation ZnO molecules get excited and transfectron to
the conduction band (Eq 1). Electron in the coniducband
of ZnO can reduce molecular oxygen and producestiper

dye on the catalyst surface which results in aebs® in the
active sites. This phenomenon results in the Idaenation
of OH radicals which were considered as primary oxig@jzin
agents of the organic dye [22]. On the other handording to

oxide radical Qions (Eq 2). This radical may form hydrogengeer-L ambert law: as the initial dye concentratiorreases,

peroxide or organic peroxide in the presence ofgexyand
organic molecule (Eq 3, 4, 5). Hydrogen peroxide te
generated in another path (Eq 6). Hydrogen peracaaeform
hydroxyl radicals which are powerful oxidizing a¢efEq 7,
8). The radicals produced are capable of attacldyg
molecules and degrade them (Eq 9) [19].

3.2. Effect of PH

In order to study the effect of pH on the degrauati
efficiency of ZnO catalyst, the experiments weradiected at
various pH (ranging from 2 to 11). The results sedwhat pH
significantly affected the degradation efficiengg shown in
fig.6, the degradation rate of BR increased fronb%® to

98.6% when the pH was increased from 2 to9 and then

decreased to 89.6% at pH 11. The maximum degradedie

of BR was achieved at pH 9. BR is an anionic dyeckwh
contains sulphonated groups. Its photocatalytitvigtwas

maximum at pH 9. More efficient formation of hydybx
radicals occurs in alkaline medium. Excess of hydranions

increases the formation of Olradicals. These OHadicals

are the main oxidizing species responsible for ptatalytic

degradation. (Eq 7-8)[20]. But at above pH 9, therdase in
the degradation efficiency can be explained onkhsis of
amphoteric nature of ZnQ@atalyst and the ZnQurface
becomes negatively charged for higher pH values dduses
the electrostatic repulsion between the catalydtregatively
charged BR dye [21].

3.3. Effect of Initial Dye Concentration

The effect of initial dye concentration on the detation
efficiency was investigated by varying the initialye
concentration .The initial concentration of dye wasied
from 25, 50 and 75 mg/L. ZnO resulted in 100%, 98.&nd
87.3% for 25, 50and 75 mg/L dye concentrationsaetsypely

the path length of photons entering the solutioorekeses.

This results in the lower photon absorption on ¢tatalyst

particles, and consequently decreases the pholtgtiata
reaction rate [23].

=
N
o

D

%degradation
w o O
o O O

o

50
dye conc: mg/L

25 75

Fig 7. Effect of initial dye concentration on photocatalytic degradation of BR
(pH= 9, ZnO=0.4g/100ml, Time=120min)

4. Conclusions

A simple and very convenient solution combustiorihod
was described to obtain ZnO nano particle. Accaydmthe
XRD the average crystallite size of ZnO was foumde 41nm
and the band gap energy of Zm@sfound to be 3.2 eV. The
photocatalytic degradation efficiency of this Zn@noparticle
was found to be 100%, 98.6%, and 87.3% for 25, t505a
mg/L dye concentrations respectively against Builli Red
dye. The degradation efficiency increases withéase in pH,
and attaining maximum value at pH 9. The above pkh®
catalyst surface is negatively charged by mearesdebrbed
OH ions, which causes electrostatic repulsion between
catalyst and negatively charged BR decreases tiradigtion
efficiency. Hence the experiment was proved that ZnO
having 41nm in size and the band gap energy o£B.%vas
found to be very active catalyst and hence couldtitiged in
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large scale for degradation of different azo dyéh wuitable
technology.
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Nomenclature

1 XRD x ray Diffraction

2 SEM Scanning Electron Microscopy
227n0 Zink Oxide

3 Zn(NG;),.6H,O  Zinc nitrate
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