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Abstract: Crystal violet belongs to basic dye group. It is a mitotic toxin and a mutagen so there is concern regarding these
chemicals making deleterious effect on biota and whole environment. Various methods have been developed for the
treatment of dye effluents. Heterogeneous photocatalysis is one of the prominent ways for removing the dyes from effluent
due to the ability of present method to fully mineralize the pollutant into CO2, H20O and mineral acids in the presence of
metal oxide nano powder as catalysts. The photo catalysis is accelerated on addition of large band-gap metal oxides nano
powder. In present study, BaO nanoparticles prepared using solution combustion method and used for the discoloration of
crystal violet a basic dye. Synthesized nano powder was identified by using XRD, SEM, UV-Visible spectroscopy and EDAX.
The average nanoparticle size was determined to be 36 nm. The experiments were conducted by adjusting factors such as
catalyst dosage, pH, dye concentration and variable irradiation. The experimental results demonstrated that, the synthesized
BaO nanoparticles showed a maximum degradation of 99.10%.
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I INTRODUCTION

Textile industries are the major source of water
pollution; the partially treated effluent containing chemicals
are released to the water [1]. Around 1 million tons of dyes
produced each year of which textile’s dyes contribution is
50% [2]. The dyeing segment accounts for 15 to 20% of the
total waste water float [3]. According to the World Bank, the
fabric dyeing and finishing process contributes 17 to 20% of
all industrial water pollutants. A total of 72 toxic compounds,
30 of which cannot be eliminated, have been discovered in
water as a result of fabric dyeing [4]. The irrigation of textile
effluent to the fields blocks the soil pores and it results in the
loss of soil productivity [5]. The chemicals evaporate into the
atmosphere and inhaled into the lungs and absorbed into the
skin and show allergy [6]. Physical, chemical, and biological
approaches are frequently used to treat effluent. Any one of
these three techniques has been shown to be ineffective at
removing color and other pollutants from textile wastewater.
Quite 85% of undesirable chemicals can be removed using a
combination of different wastewater treatment techniques [7].
In recent years, photocatalysis by semiconductors has come
out as a new and highly effective technique for the elimination
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of colorants and pollutants from wastewater [8].
Photocatalytic degradation of dyes has been a debated issue
since the end of the 20th century [9,10]. Heterogeneous
photocatalysis focuses on breaking the double and triple bonds
of organic dyes into CO,, H,O and mineral acids utilizing
metal oxide nanoparticles as catalysts [11,12].

1. SYNTHESIS OF METAL OXIDE
NANOPARTICLES

The stoichiometric amounts of Barium nitrate, Ba(NO3),
(15.679) was dissolved in a minimum quantity of water along
with (NH,CONH,) (6g) in a silica crucible (100 cm3). The
mixture was put into the muffle furnace after it had been
warmed to 600 C. The solution initially boils and proceeds
through dehydration, then decomposes with the development
of gases (N2 and CO,) [13]. It then burns, producing the
residue. The gases evolved produce fine metal oxide particles
in addition to assisting in the heat dissipation that prevents the
product from sintering. Thus, the combustion process was
finished in a short amount of time [14]. The combustion
reaction for the redox mixture method of synthesizing Barium
oxide can be expressed as follows:
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3Ba (NOs); + 5NH,CONH, — HI. CHARACTERIZATION OF BAO
NANOPARTICLES
3Ba0O +5CO, + 10H,0 + 8N, Q)

Barium oxide has a chemical formula BaO. BaO is an
incombustible white hygroscopic chemical. It is used in
cathode ray tubes, crown glass, and catalysts because of its
cubic structure. BaO nanoparticles have the following
properties:

A. XRD Studies of BaO
Table 1 The Computed Values of XRD Parameters of BaO
Nano D(nm) d &) a(A) 3 (1016) V (A)3
particle (lines/m2)
BaO 6.0469 2.734 9.025 2.734 735.091
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Fig. 1 XRD of Synthesized BaO Nanoparticles

Debye-Scherrer formula,

.. 094
Average crystalline size, D= B cos0 (2)

Where, A=X-ray wavelength of Cu-K, radiation (1.5406 A), §
= Full width at half maximum (in radian), §=Bragg’s angle.
Lattice parameter was analyzed by using following relation,

a=dm Vh? + k? + [? (3)

Where, d= Interplanar distance between two planes and
h, k, I= miller indices.

d- spacing values were calculated using X-ray diffraction
peaks by the following relation,

A== (4)

Table 1 displays the X-Ray Diffraction patterns obtained
for the Barium Oxide specimens. The peaks in this pattern are
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at20.=21.21,23.9,26.12,27.7,29.7, 30.5, 33.8 and 47.2 with
the hkl values (100),(111),(120),(200),(021),(121)
(2 11) and (2 2 0) respectively. With the lattice parameters
a=b=9.025 and ¢=6.508, it is similar to the occurrence of a
body-centered structure in BaO nanoparticles. The resulting
values are consistent with the (JCPDS File No: 26-0178). As
a result, the comparison proves that the present specimens
with tetragonal crystal structures contain BaO phases. The
pattern has been indexed and the lines' "d" values have been
determined. XRD study of BaO nanoparticles reveals that the
average crystallite size achieved was at 36nm and BaO
nanoparticles size with highest peak was achieved at 6.04nm
and crystallinity of 98.21%.

B. SEM

Scanning Electron Microscope pictures of BaO
nanoparticles have revealed dispersed crystals with irregular
patterns. The enlarged pictures also revealed distinct
nanoparticles with sharp edges and uneven surfaces that were
strongly bonded to one another [13]. (Fig. 2,3and 4).
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Fig. 4 Scanning Electron Micrographs of Synthesized BaO Nanoparticles
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C. UV-Vis Spectroscopy

An important tool for determining the optical band gap (OBG) of a nanomaterial is optical absorption. The elemental absorption
of photons is to excite the electrons to conductivity band from the valence band. The spectrum demonstrates that the BaO nanoparticles
absorb radiations more in visible region beyond 350nm [15]. The outcome of OBG is calculated using the TAUCs relation. OBG of
the BaO nanoparticle is found to be 3.63eV (Fig. 5).
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Fig. 5 UV-Absorption Spectra of Synthesized BaO Nanoparticles

D. EDAX

The elemental analysis confirms the presence of BaO in the nanoparticle sample. Although the horizontal axis indicates energy
in K eV, the number of X counts is indicated by vertical axis. (Fig. 6 and 7). The weight percentage of Carbon, Oxygen, Silicon and
Barium were found to be 13.26, 20.80, 3.21, 62.73 and atomic percentage is found to be 37.11, 43.69, 3.84, and 15.35 respectively.

Table 2 Elemental Analysis of BaO

Element Weight % Atomic %
CK 13.26 37.11
OK 20.80 43.69
SiK 321 384
BaL 62.73 1535

Fig. 6 SEM EDAX Image of BaO Nanoparticles
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V. APPLICATIONS OF BAO ON CRYSTAL
VIOLET DYE

Crystal violet dye selected for the degradation
experiments against BaO nanoparticles. A standard(20mg/L)
crystal violet dye solution was prepared separately in 1 dm3
distilled water and used for degradation study against BaO
nanoparticle. Parameters such as BaO dosage, varied pH
levels, dye concentrations and irradiations were employed to
review the discoloration investigations, and the results were
recorded. The dye solutions' pH balance was carefully
maintained by adding the appropriate amounts of 1 N HCI and
NaOH. Finally, using the following formula, the percentage of
color degradation was determined.

% Decolorization = % x 100

Vo= Initial absorbance of dye solution
Vi=Absorbance at time ‘t’

Fig. 7 EDAX of Synthesized BaO Nanoparticles

A. BaO dosage

BaO dosage assorted between 0.1g to 1.0g/100ml of
crystal violet dye solution. The concentration of dye solution
was kept at 20ppm at pH 7 for the duration of 120 minutes.
The degradation of dyes has shown the following results.
Crystal violet degraded 94.05% at 0.3gm/100ml (Fig.6) in 120
minutes. Further, these dosages were kept constant for pH, dye
concentrations and irradiation study.

After a repeated study optimum degradation was
observed at 0.3g BaO nanopowder against crystal violet dye
and at this optimum dosage, generation of OHe radicals are
maximum due to optimum active sites on BaO nanoparticle.
OHe radicals act as main oxidizing species for degradation of
dye molecules. Further increasing the dosage level more than
the optimum level will reduce the photo degradation due to the
ground state catalysts being overlaid, crowded, and causing
collisions [16,17].
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Fig. 8 Impact of BaO Concentration on Crystal Violet at 120 Minutes (Crystal violet =20 ppm, pH=7, BaO=0.3gm/100ml.)
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B. Effect of Ph

The pH range for the study was pH 2, pH 4, pH 6, pH 8,
and pH 10 for dye solutions (Fig.7). The outcome indicated
that, pH had a minimal influence on the degradation
effectiveness. On adding BaO -catalyst the degradation
percentage of crystal violet dye was ranged from 99.10%,
97.94%, 97.62%, 97.13% and 96.56%, for diverse pH levels
of 2, 4, 6, 8 and 10 at 120 minutes (0.3g/100ml) of BaO and
Crystal violet. Maximum breakdown in this instance was at
pH 2.

In present study pH parameter has shown a very minimal
impact for crystal violet dye however a maximum degradation
was observed in acidic condition. When the pH is acidic,
photoelectrons efficiently convert O, into *O,— radicals and
H,O into OHe radicals [18,19]. The color degrade more
quickly as a result of the production of OH— ions and the
competition between OH— ions and crystal violet for
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adsorption sites on BaO nanopowder. However, in our study,
the overproduction of OHe radicals and the collision impact
had an inhibitory effect on cationic dye degradation in alkaline
condition [20]. At basic pH, the formation of more OH
radicals have a tendency to adsorb on the catalyst's surface,
which causes repulsion between like charges and leads to
minimum adsorption [21]. Formation of little turbidity in the
experimental samples was observed in the solutions beyond
optimum pH levels [22]. These results in lesser absorption of
photons by the dye solution, as a result less hydroxyl radicals
were available in higher pH conditions [23]. Optimum amount
of light absorbed by the dye solution in acidic condition and
hence optimum OHe radicals were generated, OHe radicals in
turn attack on dye molecules to disrupt the conjugated system
[24]. The appearance of dye color is due to the presence of
conjugated system [25]. Hence, in this study for crystal violet
dye maximum degradation was observed in acidic conditions.

99.5 1

99.0 -

98.5 +

98.0

97.5

% DEGRADATION

97.0 -

96.5 —

| BaO Crystal violetl

T Ls L * T L T L T

pH 2 Ph 4 ph 6 ph 8 ph 10
pH

Fig. 9 (Crystal Violet = 20 ppm, BaO = 0.3 g/100 ml) Shows the Impact of pH on Crystal Violet After 120 Minutes.

C. Dye Concentration Effects

Experiments were carried out using various concentrations of crystal violet dye from 20 ppm - 50 ppm. The degradation results
for BaO against crystal violet dye are 99.10% for 20ppm, 98.43% for 30ppm 94.65% for 40ppm and 89.78% for 50ppm, respectively
(Fig. 10).

During the entire experiment optimum degradation was observed at dye concentration of 20ppm. This has demonstrated that,
photo degradation magnitude directly depends on the concentration of dye solution for the experimental dye. Increased dye
concentration is directly proportional to reduced light penetration into the dye solution. The enhanced photo degradation is directly
influenced by an elongated path length at lesser dye concentration. Pathlength reduces at higher concentrations of dye as a result less
absorption of light by the catalyst [26]. This results in reduced photo degradation rate.
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Fig. 10 Impact of Initial Dye Concentration of Crystal Violet at 120 Minutes. [BaO g/pH=0.3/2 and Crystal violet= (20, 30, 40 and

50 ppm)]

D. Irradiation Effect on Degradation

Irradiation experiments were conducted for the crystal
violet dye. Under four varied conditions i.e., blank (crystal
violet-UV/Sunlight/Dark  without BaQO), crystal violet-
sunlight-BaO, crystal violet-UV light-BaO, crystal violet-
dark-BaO experiments were carried out in order to verify the
nanoparticle efficiency. For Crystal violet dye the experiments
were conducted at an optimum dosage of 0.3gm/100ml,
optimum pH 2 and an optimum Crystal violet concentration of
20ppm. No degradation was observed for blank (dye-
sunlight/UV-light/dark ~ without catalyst). 99.10% of
discoloration was done at crystal violet-sunlight-BaO
condition, 78.43% of degradation recorded at crystal violet-
UV light-BaO condition and 15.00% degradation observed at
dye-dark-BaO condition (Fig. 11 and 12).

This amplifies how crucial varied lighting conditions are
to the mineralization of crystal violet dye. The efficient photo
degradation requires both sunlight/UV light and photocatalyst.
Without catalyst no degradation was observed. From this

experiment it is evident that the photon energy is absorbed
primarily by the BaO catalyst to induce the primary reaction
to generate OHe radicals [27]. The formation of electron hole
pair on the BaO surface needs excitation of semiconductors
[28]. The light supplies the excitation energy to the catalyst
and hence efficient break down of organic dye molecule was
succeeded [29]. In the present study, the wavelength absorbed
by all the three experimental dyes was in the visible range. It
is evident that, maximum absorbance of photon was recorded
between (400nm — 625nm) as a result more degradation was
observed in sunlight than UV light [30]. The UV light due to
higher energy induces a different path of reaction and creates
ions not the radicals. The resonance of energy absorbing
media and energy of source should be matched. In this study
visible light gives optimum energy to excite the electrons from
valance band to conduction band for the creation of electron
hole pair on the catalyst surface and to generate maximum
OH?- radicals. In addition to this the superoxide anion radicals
*O,” were generated more and thus plays main role under
visible light irradiation to form OHe radicals [31].
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Fig. 11 shows the Impact of Sunlight Exposure on the Photocatalytic Degradation of crystal Violet Under Sunlight, Dark and
UV Light Conditions for 120-Minutes.
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Fig. 12 Shows the Impact of Sunlight Exposure on the Photocatalytic Degradation of Crystal Violet Under Sunlight, Dark and
UV Light Conditions for 120-Minutes.(b)

V. CONCLUSION

The efficient photo degradation requires both
sunlight/UV light and photocatalyst. Without catalyst no
degradation was observed. 99.10% of maximum degradation
achieved at dye-sunlight-BaO condition, 78.43% of
degradation recorded at dye-UV light-BaO condition and
15.00% degradation observed at dye-dark-BaO condition at an
optimum dye concentration of 20ppm and pH 2.
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