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ABSTRACT

The development of new efficient photocatalysts is critical for a variety of applications including
water purification and water splitting. Unfortunately, because TiO, has a wide band gap, the pho-
tocatalytic applications of TiO, NTAs are restricted to light in the ultraviolet (UV) range. Nanosized
barium carbonate nanoparticles were prepared by a precipitation method at relatively low tem-
peratures. The prepared samples were characterized by X-ray diffraction, UV-Visible diffuse reflec-
tance spectroscopy, Fourier-transform infrared spectroscopy and scanning electron microscopy with
energy-dispersive X-ray spectroscopy techniques. The nanocomposite exhibited a strong photo-
catalytic activity for decomposition of Crystal violet (CV) under visible light irradiation. The influ-
ences of catalyst amount, initial Crystal violet concentrations, pH of the reaction solution and dif-
ferent anions on CV decolorization and degradation reaction kinetics were investigated. The dye
could be decolorized more efficiently in acidic media than alkaline media. Furthermore, the photo-
catalyst indicated phenomenal strength after four response cycles. At last, the conceivable compo-
nent for the action upgrade was examined in detail.
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1. Introduction

In the course of recent decades, ecological issues related
with destructive natural poisons in squander water are main
thrust for supported central and applied exploration in the
region of ecological remediation [1]. As of late, much color
containing wastewater was created in material, paper, and
printing enterprises. Colors are commonly truly stable to
light and oxidation because of the complex fragrant atomic
structures, yet this makes harm the earth and significantly
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compromises human wellbeing [2—4]. Along these lines,
the viable treatment of this wastewater is one of the most
urgent issues before discharging them into nature. Up to
this point, different procedures have been investigated to
expel the colors from wastewater, including adsorption [5],
photodegradation [6], flocculation [7], electrolysis [8], and
biodegradation [9]. Adsorption and photograph corrup-
tion are viewed as the most serious methods among these
applications, since they have the benefits of minimal effort,
high productivity, and condition well disposed. The revealed
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adsorbents [10,11], for example, zeolite, enacted carbon,
share for all intents and purpose the huge surface territory
and physical and concoction security. Then again, various
semiconductors have been utilized as photocatalysts for the
color evacuation [12-14]. Be that as it may, the color evac-
uation effectiveness by adsorbents depends on their ability
and explicit surface regions. The photodegradation pro-
ductivity primarily relies upon the photocatalytic exercises
of photocatalysts, which is generally upset by the agglom-
eration of the ultrafine powders. The mix of photodegrada-
tion with adsorption technique ought to be one of the most
encouraging approaches to improve the color expulsion
productivity, that is, participating the photocatalysts on
adsorbents without yielding their permeable properties.

Semiconductor photocatalysts have pulled in much
consideration, due to their possible applications in the
remediation of ecological toxins. Photocatalysts can debase
contaminations into little inorganic atoms. This synthetic
remediation procedure is worthwhile because it is natu-
rally agreeable, requires low response temperatures, and
is exceptionally steady. Photocatalysts can likewise be uti-
lized for sun-oriented vitality applications [15-19]. Until this
point in time, the specialists are a lot of quick to create dif-
ferent semiconductor materials, for example, TiO, [20], ZnO
[21], SrTiO, [22], WO, [23], CdS [24], GaN [25], BiVO, [26],
NaBiO, [27], Ag,PO, [28], CeO, [29], Bi,S, [30] and Fe,O, [31],
for degradation of different colors [32].

Most of the rare earth oxalates and carbonates have
wide applications in electro-optical gadgets and a few appli-
cations in industry for delivering barium salts, shades and
barium ferrite. Barium carbonate (BaCO,) is likewise uti-
lized as a forerunner for delivering superconductor and
earthenware materials and other significant applications in
optical glass and electric condensers. Few researchers used
BaCO, nanoparticles with TiO,, g-C,N, and SnO, [33,34] etc.,
Among all Metal carbonates are the post prominent cata-
lysts for their applied as photocatalysts to treat the waste-
water. BaCO, has shown considerable potential in recent
years due to its unique characters such as its low cost, oxi-
dation potential, photosensitivity, acceptable photocatalytic
performance and high chemical stability etc., unlike the
bulk materials, BaCO, have a definite surface area which is
having a critical responsibility in the generation of photo-
generated charge carriers and reactive oxygen species such
as hydroxyl radicals which enable pollutant adsorption and
mineralization when treated with ultraviolet (UV) light. To
the best of our knowledge there is no report about photo-
catalytic activity of Crystal violet using BaCO, nanoparti-
cles and our catalyst have 91% of removal efficiency.

Henceforth, this examination meant to blend barium
carbonate photocatalysts with an easy precipitation strat-
egy. Various instruments including X-ray diffraction (XRD),
energy-dispersive X-ray spectroscopy (EDX), scanning elec-
tron microscopy (SEM), Fourier-transform infrared spec-
troscopy (FT-IR) and UV-Visible diffuse reflectance spectros-
copy (UV-Vis DRS), were applied to portray them in detail.
The photocatalysts were utilized to corrupt precious stone
violet under noticeable light illumination. After examina-
tion the impact of different boundaries of BaCO, nanopar-
ticles likewise considered. Furthermore, the photocatalyst
indicated phenomenal strength after four response cycles.

At last, the conceivable component for the action upgrade
was examined in detail.

2. Materials and methods
2.1. Materials

All the chemicals used in this experiment were of ana-
lytical grade purchased from Merck Chemicals (India).
Double distilled water was used throughout the experiments.

2.2. Experiment
2.2.1. Preparation of barium carbonate

The BaCO, (BCO) nanoparticles were prepared by sim-
ple co-precipitation method. Barium chloride (BaCl)) was
used as starting materials. Typically, 5 g of barium chlo-
ride (BaCl,) and 1 g of citric acid (C,H,O,) was dissolved
in 50 mL of distilled water. The obtained solution was con-
tinuously stirred mean while NH,OH solution was added
until complete precipitating (solution pH value 7) obtained.
After stirring for another 3 h the precipitate was filtered
and washed thoroughly with distilled water finally the pre-
cipitate was dried at 100°C for 1 h and calcinated at 450°C
for 3 h.

2.2.2. Measurement of photocatalytic activity

Photocatalytic tests were done in an inundation type
photoreactor. 300 mL of Crystal violet with an underlying
grouping of 10 uM was taken in a round and hollow glass
vessel, which was encircled by a flowing water coat to cool
the light. Air was foamed ceaselessly into the aliquot by an
air light so as to give a steady wellspring of broke up oxy-
gen. Before light illumination the response blend was mixed
in dim for 30 min to accomplish the adsorption-desorp-
tion harmony between the impetus and color particles. A
300 W Xe circular segment light with a bright cut off chan-
nel was utilized as the noticeable light illumination source.
Over the span of light illumination, 5 mL of aliquot was
gathered at ordinary time timespan min. At that point the
examples were centrifuged to expel the photocatalyst and
the filtrate was broke down by UV-obvious spectrometer
at A__ =588 nm. The photodegradation of gem violet was

max

determined by the recipe given underneath.

c,-C

Photodegradation (%) = %100 (1)

0

where C; is the concentration of Crystal violet before irra-
diation time and C is the concentration of crystal after a
certain irradiation time.

3. Results and discussion
3.1. UV-Visible diffuse reflectance spectroscopy

The optical properties of the nanoparticles are very
essential factor for determining their photolytic efficiency.
Fig. 1 shows the UV-Vis DRS spectra of BCO. The optical
band gaps were analyzed by Tauc equations:
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where o, C, hv and E ™™ are absorption coefficient, constant,
photon energy and band gap, respectively. Generally, the
highest photocatalytic activity is due to the narrow band
gap. Tauc plots of BCO are depicted in Fig. 2. The band
gaps of BCO was found to be 3.3 eV. The narrow band gap
of BCO nanoparticles possesses excellent visible light pho-
tocatalytic activity than bare barium carbonate.

3.2. X-ray diffraction

The phase identification of the BCO nanoparticles was
performed using XRD (Fig. 3). All diffraction peaks were
identified to be orthorhombic BaCO,-compared to the JCPDS
No. 05-0378 (a = 5.3140 A, b = 8.9040 A, and ¢ = 6.4300 A,
and o = B = A = 90°) slightly broadened diffraction peaks
with 20 of 19.54, 23.99, 27.68, 29.71, 34.32, 39.62, 42.42, 44.28,
4498, 55.70, and 56.15 as the (110), (111), (002), (012), (130),
(220), (221), (202), (132), (241), and (151) planes for BaCO,,
respectively. The average crystalline size of the powders
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Fig. 1. UV-Visible diffuse reflectance spectra of BCO.
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Fig. 2. Tauc plot of BCO.

was measured by X-ray line-broadening technique of XRD
peaks, using the Scherrer’s formula:

_ Ki
RO Bosh

®)

where 0 is the Bragg angle of diffraction lines, K is a shape
factor taken as 0.9, A is the wavelength of incident X-rays
(A = 0.154056 nm), and P is the full width at half maximum
(FWHM). The size of the nanoparticles was found to be
38 nm.

3.3. Fourier-transform infrared spectroscopy

The spectra of unadulterated BCO nanoparticles after cal-
cination were recorded utilizing JASCO FT-IR Spectrometer
with a goal of 4 cm™, in the scope of 400 to 4,000 cm™.
FT-IR spectra of BaCO, have been concentrated to decide
the impact of surfactant on the microstructure of nano-
crystals. It was discovered that citric corrosive and water/
oil interface have no impact on the microstructure of BaCO,.

3.4. Scanning electron microscopy with energy-dispersive X-ray
spectroscopy

The size and morphological study of the barium carbon-
ate nanoparticles were carried out using the SEM image.
The typical SEM images of the BaCO, powders are shown
in Fig. 5. As shown in this image, BaCO, consisted of irregu-
lar plate-like morphology and rough agglomerated particles.
Fig. 6. shows the EDX spectra of synthesized BCO nanopar-
ticles. From the figure it shows the BCO containing Ba, C, O
in their normal KeV values.

3.5. Evaluation of photocatalytic activity of BCO

The photocatalytic activity of BCO nanoparticles are
shown in Fig. 7. The Crystal violet (CV) photodegradation on
the samples follows the pseudo-first-order kinetics model:

BCO

Intensity
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Fig. 3. X-ray diffraction pattern BaCO, nanoparticles.
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Fig. 4. X-ray diffraction pattern BaCO, nanoparticles.

Fig. 5. Scanning electron microscopy image of BCO.

ln%:kt+ln% 4)

where C is the original concentration, C, is the concentration
after adsorption, C is the concentration at different irradia-
tion time of CV and k is the pseudo-first-order rate constant.

3.6. Photocatalytic reaction

The photocatalytic exercises of BCO were tried by CV
(10 uM) debasement under obvious light illumination in a
mechanical assembly [35]. Obvious light (420 <1 < 800 nm)
created by a 500 W Xe light outfitted with two optical chan-
nels was utilized as the light source. The force thickness of
obvious light at the situation of reactor was around 7.4 mW/
cm? and the impetus content was 0.1 g/300 mL. Preceding
light, the suspensions were attractively mixed in dull for
30 min. During the CV photodecomposition, tests were
pulled back at normal spans and centrifuged to isolate
strong particles for examination. The centralization of the
CV was controlled by an UV-Vis spectroscopy at its greatest
ingestion frequency around 554 nm [36].
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Fig. 6. Energy-dispersive X-ray spectroscopy image of BCO.
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Fig. 7. Photocatalytic reaction of Crystal violet of BCO
nanoparticles.

3.7. Photocatalytic degradation of Crystal violet

The photocatalytic action of BCO for the corruption
of CV 10 uM and impetus fixation 0.1 g/300 mL. The out-
comes uncovered that the debasement of Crystal violet is
just accomplished in the nearness and the most elevated
photocatalytic movement is appeared by BCO (91%). The
photodegradation of CV was additionally done without
light (just impetus) up to 150 min. The adsorption level
of Crystal violet at 150 min of contact time is insignificant
without nanocomposites. The most elevated photocatalytic
movement of BCO can be clarified as follows. When the pho-
tocatalyst is illuminated by noticeable light, electrons and
openings are shaped in conduction band and valence band
of BCO (restricted band hole semiconductor). Thusly, pro-
ductive electron-opening detachment is accomplished on the
photocatalyst surface. The electron responds with surface
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adsorbed O, to deliver O;~ and gaps respond with H,0 to
make *OH. This outcome in more charge transporter to frame
receptive species, which advance the degradation of CV.
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Fig. 8. Photodegradation of Crystal violet in the presence of
BCO.

1.2

3.8. Kinetics and mechanism of photodegradation of Crystal violet

The kinetics of photodegradation of CV was studied
by conducting the experiments under optimum opera-
tion conditions (Crystal violet concentration 10 uM, BCO
concentration 0.1 g/300 mL and irradiation time 150 min).
In all experiments, the degradation followed first order
kinetics (plots of —-In[C/C ] vs. time showed linear relation-
ship, where C is the concentration of CV remaining in the
solution at irradiation time of t, and C, is the initial concen-
tration. First order rate constant were evaluated from the
slopes of the —In[C/C ] vs. time plots (Fig. 9). The observed
rate constant for the photodegradation of Crystal violet
in the presence of BCO is 0.0061 min™.

3.9. Effect of catalyst dosage

The response rate as a component of impetus focus is
imperative to survey the measure of BCO impetus required.
Trials were performed utilizing shifted impetus levels in
the scope of 0.1-0.4 g/300 mL at a fixed centralization of
10 uM/L of CV and the debasement time was additionally
fixed as 180 min [37]. The centralization of the photocat-
alyst is found to impact the corruption of Crystal violet as

1.0

= BCO
®  without catalyst

In(CIC,)

0.0 - ™30 ™50

H,0

™90 ™120 ™150
Time(min)

O, + H,0

Crystal Violet

Fig. 9. Kinetics regime and mechanism on the photodegradation of Crystal violet in the presence of BCO.
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Fig. 10. Effect of catalyst dosage on photodegradation of
Crystal violet.

Table 1
Fourier-transform infrared spectroscopy values of BCO

S.No. BaCQO, Assignments

1 528.3 and 669.3 In plane bending CO,

2 1,489 Asymmetric C-O stretching vibration
Table 2

Energy-dispersive X-ray spectroscopy analysis of BCO

S. No. Element KeV
1 Ba 1.17
2 C 1.04
3 (@] 0.79

appeared in Fig. 10. It is accounted for that the impetus fix-
ation has both a positive and negative effect on the photo-
degradation rate and the abundance impetus forestalls the
arrangement of the OH, an essential oxidant in the photocat-
alytic framework, in this manner diminishing the productiv-
ity of the corruption appropriately. As a result of this, some
portion of the impetus surface gets inaccessible for photon
assimilation and thus, the debasement rate diminishes. Be
that as it may, for high impetus dose, the turbidity incre-
ments. This impact suggests that the accessibility of dynamic
destinations diminishes with expanding color focus [38].

3.10. Effect of dye concentration

It is uncovered from the watched outcomes that the
underlying color fixation impacts the corruption pace of the
due [39]. As the underlying convergence of color expands,
the debasement rate diminishes. Results show that a fixed
fixation 0.1 g/300 mL of BCO can be utilized for CV color
corruption in the focus scope of 10-30 uM. At high color
focus, a lot of light might be consumed by the color atoms
as opposed to the impetus which may likewise diminish
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0.8
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Fig. 11. Effect of concentration of Crystal violet and its photo-
degradation.
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Fig. 12. Reusability and recyclability of BCO.

the photocatalytic rate [40]. As the underlying grouping of
Crystal violet builds, the corruption likewise increments.
Therefore, the corruption pace of the color diminishes with
the expansion in the color focus as appeared in Fig. 11. In
such cases the OH. Furthermore, O;~ framed on the outside
of the photograph impetus are likewise steady, so the qual-
ity of OH. What’s more, O;~ vs. expanding convergence of
colors become less accordingly diminishing the photodeg-
radation proficiency [41]. Henceforth the optimum group-
ing of CV for improved photograph synergist corruption is
seen as 10 uM.

3.11. Reusability and recyclability of BCO

Reusability and recyclability are the important char-
acteristics of the photocatalyst to be used for practical
applications [42—44]. The percentage of removal after first
cycle - 88%, second cycle - 84%, third cycle - 80% and fourth
cycle - 78%, respectively. After the completion of the reac-
tion cycle, the catalyst was isolated by suction filtration
using Whatman filter paper, washed with ethanol followed
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by an excess of double-distilled water and dried. The dried
catalyst was then used for the next cycle of the photocata-
lytic reduction with fresh substrates. More efficient trans-
fer and improved catalytic activity can be achieved even
after five cycles, as shown in Fig. 12.

4. Conclusion

In this current work, BaCO, has been effectively com-
bined and viably used for noticeable light determined pho-
tocatalyst for the corruption of precious stone violet. The
readied nanoparticles have been described utilizing UV-Vis
DRS, FT-IR, XRD, SEM, and EDX procedure. From the
consequences of XRD the littlest molecule size and as well
as can be expected be watched for the BaCO, acquired at
30.8 nm. Likewise additional proof for the immaculateness
and stoichiometry of the item was acquired by EDX ranges,
individually. In correlation with some different techniques
revealed for arrangement of BaCO, nanoparticles, this work
shows generally an advantageous and minimal effort course
for the enormous scope amalgamation of this nano-scale
item with a little size. BaCO, (91%) shows higher photo-
catalytic action. The consequence of this examination work
might be utilized for the barium carbonate nanoparticles.
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