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Contamination of water resources by dyes is a potential peril to humans and the
ecosystem. Photocatalytic decomposition is one of the efficient ways to remove
hazardous dyes present in water. CaCOs and TiO; nanoparticles have been
synthesized from calcium chloride and sodium carbonate using a precipitation
method and sol-gel technique, respectively. Synthesized CaCOs and TiO;
nanoparticles were analysed using X-ray diffraction (XRD), ultraviolet visible (UV-
Vis) spectroscopy, scanning electron microscopy (SEM), and energy dispersive X-
ray spectroscopy (EDX). The experimental results showed that the synthesized
CaCOs nanoparticles were of calcite and the TiO, nanoparticles of anatase.
Polysulfone (PSF) composite membranes embedded with CaCOs; and TiO;
nanoparticles were prepared systematically. These synthesized nanoparticles and
their embedded PSF membranes were effectively utilized for the photocatalytic
decomposition of the reactive black 5 (RB 5) dye. 88.8% and 23.6% degradation
of RB 5 dye was observed for TiO, and CaCOs nanoparticles, respectively. However,
it was observed that the TiO; and CaCOs nanoparticle incorporated PSF
membranes showed a lower photodegradation of 60.4% and 18.37%, respectively,
due to the masking of the nanoparticles by the polymer matrix. The direct usage
of the nanoparticles showed improved photodegradation properties.

1. Introduction

they significantly damage the ecosystem and, in
turn, human health as well [5]. Thus, the removal

The availability of clean water has been declining
atan alarming rate in recent years. It is known that
dyes are one of the predominant pollutants of
water. More than 10,000 dyes are commercially
used in most industries, including paper, textile,
plastic, etc. [1-3]. Dyes are not easily
biodegradable, and most of them are highly
carcinogenic [4]. When industrial effluents
contaminated with dyes enter the water sources,
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of dyes from water is of great need. The traditional
methods to remove dyes from industrial effluents
involve activated carbon, hydrogen peroxide, and
other chemical reagents. However, these methods
are not cost-effective and cannot meet the high
purification standards [6]. In recent Yyears,
photocatalytic degradation has been noticed to be
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advantageous in removal of toxic organic and
inorganic contaminants from water [7-9].

Most of the active photocatalyst materials used are
particles with <100nm diameter [10]. The use of
these nanoparticles in removing dyes is considered
less hazardous and has been a widely accepted
method over the last decade [11]. Among those,
TiO2 nanoparticles have been found to be more
effective due to their unique optical, dielectric, and
catalytic properties. TiO:z has a high photocatalytic
efficiency due to its strong oxidation power and
ability to generate reactive oxygen species (ROS)
[12-16]. TiOz is chemically stable, non-toxic, and
resistant to corrosion, making it durable in various

environmental conditions. Another important
nanoparticle that has been widely used in
photocatalytic degradation is CaCOs. These

nanoparticles have been reported to have
properties like high surface-to- volume ratio and
ease of synthesis. Calcium carbonate is naturally
abundant and inexpensive, making it an attractive
material for large-scale applications. Another
important factor is it is biocompatible and non-
toxic, which is beneficial for environmental and
health safety. Apart from these, it has the unique
ability to exist in a variety of morphologies, which
makes it an ideal material for industrial and
biomedical applications [17]. Both TiO; and CaCOs
nanoparticles, due to their nano size, lead to the
overall in the
photocatalyst, resulting in the augmentation of
active sites, thereby increasing the specific site for
the photocatalytic degradation process [18].

In the area of water purification and separation,
membranes have gained exceptional attention
over the last few years due to their low energy
demand and efficacy [19]. A wide variety of
polymers, such as Polysulfone [20], polyether
[21], polyphenyl sulfone [22],
polyvinylidene fluoride [23], polyimide [24], and
many others, have been utilized in the fabrication
of membranes. Among all the polymers,
Polysulfone exhibits appreciable properties, such as
high chlorine resistance, thermal stability, and
wide pH tolerance [25]. The properties of the
polymers can be greatly enhanced according to the
need of the application by incorporating inorganic
nanoparticles [26]. A large pool of inorganic
additives has been utilized for this purpose,

increase surface area of the

sulfone

including TiO; [27], calcium carbonate [28], tin
oxide [22], zirconium oxide [29], cerium oxide [30],
ferric oxide [31], aluminium oxide, silicates [32],
etc. Erusappan and group members fabricated a
TiO2 nanoparticle incorporated PVDF membrane for
photocatalytic degradation of Congo red and
reactive yellow 145 [33]. The fabricated TiO2-PVDF
membrane showed 67% and 77% decolourization
of Congo red and reactive yellow 145, respectively.
Alaoui and co-workers prepared an anatase TiO;-
PVDF membrane for a photocatalytic dye removal
study [34]. The fabricated anatase TiO2-PVDF
membrane displayed a photocatalytic degradation
rate of 6.1and 2.4 pmol L' min™" for indigo carmine
and brilliant green dyes, respectively. The literature
shows that nanoparticle embedded membranes
have been extensively used in the photocatalytic
degradation of various dyes since they are less
hazardous and less expensive compared to other
methods.

The purpose of this work is to synthesize TiO, and
CaCOs  nanoparticles and  analyse  their
photocatalytic degradation strength with respect
to reactive black 5 dye in two different ways. The
first one is by directly taking the aqueous solution
of the synthesized nanoparticles, and the second
one is by fabricating TiO2 and CaCOs nanoparticle
incorporated Polysulfone nanocomposite
membranes.

2. Materials and Methods
2.1. Synthesis of TiO> nanoparticles (TNP)

TiO2 nanoparticles (Nps) were synthesized using
the sol-gel method. 12 mL of titanium
tetraisopropoxide [Ti(OCsH7)4] was added to 10ml
of isopropanol. After the sol of TiO, was prepared,
150ml of water and 5ml of acetic acid were poured
into the tetraisopropoxide and isopropanol
mixture; the solution was heated at 80°C for 3 hrs
with constant stirring. 1 mL of conc. HNOs was
added to prevent the clustering of particles present
in the sol; then, it was dried in the oven at 100°C for
10 hrs [35].

2.2, Synthesis of CaCOs nanoparticles (CCNP)

CaCOs nanoparticles were synthesized by reacting
calcium chloride (CaCl;) and sodium carbonate
(Na2COs). Calcium chloride and sodium carbonate
were used without further purification and were of
analytical grade. Calcium chloride (0.01M) and
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sodium carbonate (0.01M) solutions
separately prepared using 50ml of distilled water.
An aqueous solution of sodium carbonate was
added to the calcium chloride solution with
constant stirring. After continuous stirring for 30
minutes, a white precipitate was obtained. The
obtained precipitate was filtered and washed with
distilled water multiple times. White CaCOs Nps
obtained were kept at 105°C in a hot air oven for 1

hr and finally stored in a vacuum [18].

were

2.3. Photocatalytic degradation of dye using
nanoparticles

150mg of CCNP was weighed accurately and added
to 300ml of 10ppm RB 5 solution. The structure of
RB 5 dye is given in Figure 1 [36]. The solution was
sonicated for 30 min and transferred to a
photocatalytic reactor. A sample was collected
periodically at 15 min intervals and centrifuged for
20 min at 3000 rpm. The supernatant solution was
subjected to  UV-Visible

spectroscopic analysis. A similar procedure was

separated  and

performed using TiO2 Nps and analysed using UV-
Visible spectroscopic analysis.
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Fig. 1. The Chemical structure of Reactive Black 5 dye

2.4, Preparation of nanoparticles

incorporated PSF composite membranes

0.02g of CCNP was accurately weighed and added
to 7.48g of N-Methyl-2-Pyrrolidone (NMP). The
above mixture was sonicated until the particles
were completely dispersed. 0.5g of polyethylene
glycol (PEG) 600 and 2g of PSF pellets were added
and stirred for 24 hrs at 350 rpm (55°C). The viscous
solution was then cast over a glass plate with a
thickness of about 0.1 mm, and the glass plate was
immersed in a water bath overnight [28]. Following
a similar procedure, the TiO, incorporated PSF
membrane was dalso prepared. The fabricated

membranes obtained were used for photocatalytic
degradation of RB 5.

2.5, Characterization of synthesized

nanoparticles

The successful synthesis of CCNP and TNP was
confirmed by XRD analysis (Rigaku Miniflex [5%
generation]). The diffraction peaks obtained from
the instruments were studied to understand the
crystal structure of the synthesized nanoparticles.
The size and surface morphology of the synthesized
CCNP and TNP were determined using a ZEISS EVO
MA18 SEM instrument. Oxford EDS (X-act) was
utilized to determine the surface elemental
composition of CCNP and TNPs. The amount of dye
degradation was quantified with the help of UV-
Visible spectroscopy. Both the feed and the
reaction mixture were collected separately at
different time intervals, and the concentration of
dye molecules in each was determined in terms of
absorbance using a UV-Visible spectrophotometer.

3. Results and Discussion
3.1. XRD analysis

An XRD study was carried out to determine the
crystallographic structure of the nanoparticles. The
data obtained from the XRD analysis of CCNP is
indicate that the
nanoparticles are scheduled to the rhombohedral

shown in Figure 2 and
phase. The peaks of the sample produced at the
22.88°, 29.26°, 35.81°, 39.2°, 43.03°, 48.26°, 57.24°,
and 64.38° angles were related to planes (012),
(104), (110), (113), (202), (116), (122), and (125),
XRD
corresponded to crystalline polymorph calcite. The

respectively.  The pattern  obtained
other two crystal types were aragonite and
vaterite. The calcite type is the most stable
polymorph of calcium carbonate and exhibits a
rhombohedral shape. The calcite form shows high
birefringence and, thus, is commonly used in
optical applications.

The XRD analysis of TNP is shown in Figure 3. The
peaks found at the 25.06°, 37.7°, 47.76°, 54.8°,
62.52°, and 70° angles are labeled to planes (011),
(112), (020), (121), (024), and (220), respectively.
These peaks confirmed the successful synthesis of
the anatase crystal form of TiO,. The other two
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crystal types were rutile and brookite. The anatase  temperature. A tetragonal structure with a high
crystal form exhibited excellent photocatalytic = surface area was another characteristic feature of
activity and was more stable at a lower the anatase crystal form of TiO,.
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Fig. 2. XRD pattern of CaCOs nanoparticles.
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Fig. 3. XRD pattern of TiO2 nanoparticles.
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Fig. 4a. SEM image of CaCOs nanoparticles (area 1) Fig. 4b. SEM Image of CaCOs nanoparticles (area 2)
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3.2. SEM and EDAX study

The shape and morphology of CCNP and TNP were
clearly observed using SEM micrographs. Figure 4
depicts the SEM micrographs of CCNP. Micrographs
were taken in magnifications of 35,000x and at a
working distance of 7.5mm. The SEM images
confirmed that the synthesized CCNP was in the
nanometre range. The SEM images clearly showed
the rhombohedral shape of the synthesized CCNPs,
which is the peculiar morphology of calcite.

The elemental composition of the synthesized
CCNP was analysed using EDX (Figure 5). The peaks
in the EDX spectrum confirmed the presence of
elements such as calcium, carbon, and oxygen. The
peaks at 0.34 KeV and 3.69 KeV corresponded to
calcium and were of the Ka line and La line,
respectively. The presence of carbon was indicated
by a peak observed at 0.28 KeV. The peak at 0.5 KeV
was assigned for oxygen. The absence of any other
peak confirmed that the synthesized nanoparticles

T T T T
0 2 4 [+ 8
Full Scale 259 cts Cursor: 0.000

were pure without any impurities. The weight
percent of these elements was also determined.

Figure 6 represents the SEM micrographs of TNP
taken in different areas. The micrographs were
taken in magnifications of 35,000x and at a
working distance of 7.5mm. The SEM images
confirmed that the synthesized CCNP was in the
nanometre range. In SEM images, the tetragonal
crystal structure appeared as spherical and had
irregular shapes with a rough surface. The EDAX
enabled the elemental analysis of TNP, which is
depicted in Figure 7. The EDAX data confirmed that
the synthesized TNP consisted of only titanium and
oxygen elements and free  from
contamination. The peaks observed at 0.45 KeV
and 4.51 KeV corresponded to the La and Ka lines of
titanium. The presence of oxygen was denoted by
the peak observed at 0.52 KeV. The weight % of
titanium and oxygen was 59.75% and 40.2%,

was

respectively.

Fig. 5. EDAX spectrum of CCNP
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Fig. 6a. SEM image of TiO; nanoparticles (area 1)
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Fig. 6b. SEM image of TiO; nanoparticles (area 2)
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Fig. 7. EDAX spectrum of TiO; nanoparticles
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Fig. 8. Effect of CaCOs nanoparticles on RB 5 dye degradation

3.3. Dye degradation study

Photocatalysis is a process that utilizes light to
accelerate a chemical reaction. Regarding the
degradation of dyes, photocatalysis can be a highly
effective method. When the nanoparticles are
exposed to light, particularly UV light, they absorb
photons. The absorbed energy excites the electrons
from the valence band to the conduction band,
creating electron-hole pairs. The excited electrons
and holes can react with oxygen and water
molecules in the surrounding environment to form
reactive oxygen species, such as hydroxyl radicals
(eOH) and superoxide anions (Oz7). These ROS are
highly reactive and can break down dye molecules
into smaller, less harmful compounds through
reactions. UV-Visible

oxidative spectroscopic

analysis was carried out for the samples collected
at regular time intervals of 15 minutes and for the
feed solution of RB 5 dye. Figure 8 illustrates the
photocatalytic degradation of RB 5 (10 ppm) at 90
min using calcium carbonate without a membrane,
represented as CCNP WM. The
degradation of RB 5 using CCNP WM was slow and
RB 5 dye
degradation was observed at 595 nm, accounting
for 23.68% degradation.

Figure 9

which is

observed at 90 min of reaction.

emphasizes the  photocatalytic
degradation of RB 5 (1.3 ppm) at different time
intervals using the CCNP embedded PSF composite
membrane. It was observed that the degradation
of RB 5 using the CCNP

membrane was less efficient compared to CCNP

incorporated PSF
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WM and showed 18.37% degradation of RB 5 dye.
This was due to the fact that the nanoparticles

were masked by the polymer matrix in CCNP WM.
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Fig. 9. Effect of CaCOs nanoparticles incorporated PSF
membrane on degradation RB 5 dye.

Figure 10 depicts the photocatalytic degradation of
RB 5 dye (10ppm) using TiO2 nanoparticles without
the membrane, which is represented as TNP WM.
From this graphical analysis, it was evident that
TNP was an excellent photocatalyst for the
degradation of RB 5, showing a significant peak at
595 nm, referring to 88.88% degradation of RB 5
dye.
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Fig. 10. Effect of TiO2 nanoparticles on degradation of RB

5 dye.

Figure 11 represents the photocatalytic degradation
of RB 5 (1.3ppm) using the TNP embedded PSF
composite membrane. The TNP
membrane was found to be less efficient in the

incorporated

degradation of RB 5 compared to TNP WM.
However, it successfully degraded 60.45% of RB 5
dye from the water.
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Fig. 11. Effect of TiO2 nanoparticles incorporated

polysulfone membrane on RB 5 dye degradation

Photographs showing the RB 5 feed solution and
samples collected at various time intervals are
shown in Figures 12 and 13. The photographs depict
the degradation of 10ppm RB5 dye degradation

upon photocatalytic  reaction using TiO;
nanoparticles and CaCOs nanoparticles,
respectively. According to the figure, the

degradation of the dyes was enhanced with an
increase in UV light exposure time on the dye
solution. Both the TiO, and CaCOs nanoparticles
absorbed the UV light, which constituted a small
portion of the solar spectrum. Coupling it with

other elements could enhance their overall

efficiency and broaden their absorption spectrum.

Fig. 12. Photograph of RB 5 Dye feed and samples
collected at different time intervals in TiO;
photocatalysis.
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90 min

Fig. 13. Photograph of RB 5 Dye feed and samples
collected at 90 minutes time in CaCOs photocatalysis.

The photographs of 1.3 ppm RB 5 dye degradation
with TNP and CCNP with PSF membranes is shown
in Figures 14 and 15, respectively.

A0
%

'WARNING

Fig. 14. Photograph of RB 5 Dye degradation using TNP-
PSF membrane

Fig. 15. Photograph of RB 5 Dye degradation using CCNP-
PSF membrane

4. Conclusion

This study demonstrated the preparation of CaCOs
nanoparticles, TiO; nanoparticles, and PSF
composite membranes incorporated with CaCOs
and TiO; nanoparticles. The successful synthesis of
both nanoparticles was confirmed by its
characterization using SEM and XRD techniques.
The photocatalytic activity of these nanoparticles
was studied by degrading the RB 5 solution exposed
to UV light. It was seen that both CaCOs

nanoparticles and their composite membranes
were not very effective in degrading RB 5 dye. This
was due to the fact that the nanoparticles were
masked by the polymer
activity. However, TNP was found to be an excellent
photocatalyst in the degradation of RB 5 dye.
Compared to TNP with membranes, TNP without
membranes was found to be more effective. This
study concluded that TiO: nanoparticles were a
better photocatalyst in the degradation of RB 5
compared to CaCOs.

matrix, lowering its
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