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ABSTRACT:

Background: Titanium dioxide (TiO2) is widely recognized for its effectiveness in photocatalysis,
especially in environmental applications such as dye degradation. Despite its capabilities, TiOx's
performance can be limited by factors such as charge recombination and limited light absorption,
necessitating modifications to improve its efficacy.

Objectives: This study aims to enhance the photocatalytic performance of TiO: by creating
composites with mango seed powder. We investigate the photocatalytic degradation capabilities of
these composites for two common dyes: crystal violet and methyl orange.

Methods: TiO: was mixed with mango seed powder in ratios of 1:1 (coded as S-A) and 1:2 (coded
as S-B), followed by calcination at 500°C with a ramp of 10°C min™' under a nitrogen flow. The
photocatalytic activities of the composites were evaluated by measuring the degradation of crystal
violet (100 mg L") and methyl orange (50 mg L") under light exposure for 90 minutes.

Results: The photocatalytic tests revealed that both composites efficiently degraded the dyes.
Sample S-A achieved decolourization ratios of 83% for crystal violet and 96% for methyl orange,
whereas sample S-B showed slightly lower efficiencies with 82% and 87% decolourization for the
respective dyes. Additionally, the composites demonstrated superior particle separation from
solutions post-photocatalysis compared to pure TiOs-.

Conclusion: Introducing mango seed powder into TiO. composites significantly enhanced their
photocatalytic performance against both tested dyes. The observed improvement suggests that such
composites are promising materials for the heterogeneous photocatalysis of dyes, providing a
sustainable approach to wastewater treatment by utilizing agricultural waste products.

KEYWORDS: Titanium dioxide, Mango seed, Photocatalysis, Dye degradation, Composite
materials
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INTRODUCTION:

Many studies have been done on heterogeneous photocatalysis in treating wastewater, like textile
dyes and hospital drugs. In photocatalytic processes, inorganic semiconductors like tungsten
trioxide (WO3), zinc sulfide (ZnS), and iron Il oxide (Fe203) are used a lot. However, titanium
dioxide (TiO2) is one of the most popular photocatalysts because it is stable in physics, chemicals,
and living things, cheap, not toxic, and very good at catalyzing reactions. Some things, like how
hard it is to separate the fragments from the solution following the process, make them less useful
(S. Das, Bhattacharya, & Das, 2024; Liza et al., 2024).
For example, the band gap energy of 3.2 eV makes it hard to use them in the visible range and
makes it easy for the e-/h+ pair to recombine. The photocatalytic treatment of effluents needs
catalysts that have high photocatalytic activity, make it easy for radicals to form that break down
the organic pollutant, and are easy to separate from the solution that needs to be treated. This saves
money on a second step in the process and lets them be used again.
Adding titanium dioxide to a carbonaceous matrix made from biomass, like mango seeds, is another
way to improve its use. This can help increase the worth of the waste that is left over after heat
treatment (Mahato, Singh, & Srivastava, 2024; Olowonyo, Salam, Aremu, & Lateef, 2024; Zhang,
Zhang, Mujumdar, & Guo, 2024).

Heterogeneous Photocatalysis in Wastewater Treatment Studies

Study Reference Photocatalyst(s) Challenges Identified Innovations in | Examples of
Used Photocatalyst Application
Application

2024

S. Das, | WO3, ZnS, Fe203, | Difficulty in separating | - -
Bhattacharya, & | TiO2 photocatalyst post-
Das, 2024 process
Lizaetal., 2024 TiO2 Low activity under | - -
visible light,
recombination of e-/h+
pairs
Mahato, Singh, & | TiO2, biomass | - Use of mango seeds | -
Srivastava, 2024 carbon matrix in a carbonaceous
matrix to improve
photocatalyst
Olowonyo, Salam, | TiO2, biomass | - Enhancement of | -
Aremu, & Lateef, | carbon matrix photocatalyst  value
2024 through the use of
biomass
Zhang, Zhang, | TiO2, biomass | - New composite | -
Mujumdar, & Guo, | carbon matrix materials from

biomass waste and
TiO2

& Sharma, 2024

El-Salamony et al., | TiO2, sugarcane | Complexity —of the | Nanocomposites Photocatalysis
2024 bagasse production process using sugarcane | of methylene
bagasse blue using

visible light
Azeroual et al., 2024 | TiO2, mango seeds | - Heating of TiO2 with | Photocatalysis
mango  seeds in | using crystal

varying ratios violet dyes
Jadon, Kour, Bhat, | TiO2, mango seeds | - Optimization of | Photocatalysis

composite ratios for
enhanced
photocatalytic
activity

using methyl
orange

Taghizadeh-Lendeh
et al., 2024

TiO2, mango seeds

Lack of research on
particle separation post-
process
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Through this process, a new material called a composite can be made. This type of material has
qualities that aren't found in any materials that make it up. In this way of thinking, the work of El-
Salamony et al. demonstrated promising results in the photocatalysis of methylene blue using
visible light and nanocomposites made from sugarcane bagasse and titanium dioxide. However, the
steps needed to make this material are complicated, and no one has looked into how to separate the
particles from the solution at the final stage of the process. This is in contrast to industrial titanium
dioxide. Because of this, we present a plan to make a new material by heating commercial titanium
dioxide and mango seeds in 1:1 and 1:2 ratios. We will test the photocatalytic properties of this
material utilizing crystal violet dyes and methyl orange as examples (Azeroual et al., 2024; Jadon,
Kour, Bhat, & Sharma, 2024; Taghizadeh-Lendeh, Sarrafi, Alihosseini, & Bahri-Laleh, 2024).

MATERIALS AND METHODS:

COMPOSITE PREPARATION:

The composites were made from industrial titanium dioxide Degussa P-25 and mango seeds mixed
in equal parts (1:1). The precursors were put into a jar with pure water, and the temperature was
kept below 30°C. In contrast, the water was magnetically stirred for 12 hours. The collected solids
were filtered and processed at 70 °C for 72 hours. They were given the names SS1 and SS2. After
that, the mixtures were heated in a Ney-Vulcan muffle furnace, 3-550PD, with a heating rate of 10
°C min-1 and a nitrogen flow rate of 80 mL min-1. The temperature was 500°C for 2 hours, and the
finished samples were labelled S-A (1:1) and S-B (1:2). Figure 1 shows the steps that were taken to
get ready (Khalid et al., 2024; Shan et al., 2024; Suciyati, Manurung, Junaidi, & Situmeang).
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Figure 1. Steps to obtain S-A and S-B samples

DESCRIPTION:

X-RAY DIFFRACTOMETRY (XRD):

Used a Shimadzu diffractometer (model XRD 6000) with CuKa radiation (A = 1.5418 A) and 40
KV and 30 pA tube voltage and current to do X-ray diffraction (XRD) analyses. With a step size of
2° min-1 and 0.6 sec step-1, the 26 scan was done from 10° to 80° (Mohamed, Yilmaz, Giiner, & El
Nemr, 2024).

FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY
Molecular absorption spectroscopy in the Fourier transformation of infrared (FTIR) region was
carried out on a Perkin Elmer Spectrum 100 machine. The sample was mixed with KBr and then
pressed to make a tablet at room temperature. The spectra were taken in the range of 4000 to 400
cm-1, with a precision of 4 cm-1 (Sah, Gite, Sonawane, & Raut, 2024).
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SPECIFIC SURFACE MEASUREMENT:

The BET method and Quantachrome Instruments version 11.03 tools measured specific surface
areas. Five milligrams of samples were weighed out, and they were heated in three stages. The first
stage heated the samples to 373 K for 15 minutes. The second stage heated them to 473 K for 15
minutes, and the third stage heated them until they reached 623 K for 30 minutes (Alshammari,
2024; Nian et al., 2024).

SCANNING ELECTRON MICROSCOPY (SEM):
SEM (scanning electron microscope) analyses were done in a JEOL scanning electron microscope
room model T330 connected to a computer with special software.

TURBIDITY ANALYSIS:

The Baiana Water and Sanitation Company (EMBASA), based in Salvador Bahia, Brazil, evaluated
the turbidity of the crystal violet (CV) solution from the photocatalytic test. This was done per the
Ministry of Health's consolidation ordinance (Flores-Contreras et al., 2024).

PHOTOCATALYTIC TESTS:

In the photocatalytic tests, 100 mg L-1 of CV dye and 50 mg L-1 of AlaM were mixed. The tests
were done in a photoreactor that was made at home. It had a mercury vapour lamp (125 W) and a
jacket. Mixed amounts of 0.2 g were used for AlaM photocatalysis and 0.3 g for CV photocatalysis.
At first, the system was stirred for 30 minutes while it was dark. The lamp was turned on once this
time was up, and the aliquots were taken out every 5 to 90 minutes. A Perkin Elmer UV-VIS
spectrophotometer, model Lambda 35, was used to look at the materials at 589 nm for the CV and
460 nm for the AlaM. The tests were done without the catalyst so that they could be compared
(photolysis) (Bansal, Singh, Sharma, Sundaramurthy, & Mehta, 2024; Eswaran et al., 2024; Wahab
etal., 2024).

RESULTS AND DISCUSSION:

X-RAY DIFFRACTOMETRY:

The crystallographic profiles of the composites (S-A and S-B) and industrial titanium dioxide can
be seen in Figure 2. References taken from a database were used to compare the results. Anatase
and rutile phases with high crystallinity can be seen in the P25 samples of titanium dioxide and its
compounds (Rameez, Khan, Ahmad, & Ahmad, 2024).
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Figure 2. Crystallographic profiles of composites S-A and S-B and commercial TiO2
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The Bragg reflections of commercial titanium dioxide and alloys were found at 20 = 25,350,
37,810, 48,070, 54,040, 55,210, 68,830, 70,390, and 75.03. These points correspond to the anatase
phase of titanium oxide and are in excellent accordance with references (JCPDS 89-4921). TiO2
and its mixtures have diffraction peaks at 20 = 27.38°, 35.99°, 41.27°, 56.55°, and 62.72°, which
show that the phase known as rutile is also found (Kenda et al., 2024; Murugappan, Pebam,
Sankaranarayanan, & Rengan, 2024).

Based on the crystallographic profiles (Figure 2), we can see that the peaks in the TiO2 and
composite profiles are the same. This means that the production methods have kept the oxide's
crystalline structure in the carbon matrix (Rout & Pradhan, 2024).

INFRARED WITH FOURIER TRANSFORMS (FTIR):

The spectrum of the two compounds (Figure 3) shows wide bands around 3500 cm-1. These are
caused by the hydroxyl groups (OH) stretching vibrations, which come from the water attached to
the material's surface. Around 1635 cm-1, vibration bands are seen caused by the bends of the —OH
groups of the alcohols in the benzene ring. These bands may be linked to the presence of lignin. The
bands that lie around 1385 cm-1 are connected to the carbonyl group and the C—O bond (Rahman,
Daniel, & Uahengo, 2024; Sani, Khezerlou, Tavassoli, Abedini, & McClements, 2024).

The bands that absorb light between 460 and 750 cm-1 are caused by the vibrations of the links
between Ti and O and Ti, and O. The bands between 1000 and 1300 cm-1 are somewhat more
noticeable on the S-B sample's curve. On the other hand, the bands seen between 460 and 750 cm-1
are more clearly defined on the S-A sample’s curve. It concerns the amount of titanium dioxide to
biomass in composites (Din, Rehman, Hussain, & Khalid, 2024; Meziane et al., 2024).
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Figure 3. Fourier transform infrared of the S-A and S-B composites

SPECIFIC AREA:

The specific surface area of sample S-B was greater than that of sample S-A, as shown in Table 1.
This result shows that adding more mango seeds to the mixture causes more gas to be released
during the heating process, which in turn causes more free volume to be created in the solid as the
gases escape (de Menezes, de Lima Leite, Dos Santos, Aria, & Aroucha, 2024).

Table 1. Specific surface area of composites S-A and S-B

Sample Area (M2 G-1)
S-B 108
S-A 91
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SCANNING ELECTRON MICROSCOPY (SEM):
SEM STANDS FOR SCANNING ELECTRON MICROSCOPY:
The micrographs show that when the amount of titanium dioxide and biomass is changed from 1:1
to 1:2, there is a significant change in the shape of the particles and how they are spread out in the
carbon matrix (Figures 4 and 5) (Taghipour, Nia, Hokmabadi, & Yahia, 2024).
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Figure 4. Scanning electron microscopy of the S-A composite
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PHOTOCATALYTIC TESTS:

Because of photocatalysis, mixtures of crystal violet (CV) and methyl orange (AlaM) dyes

changed colour, as shown in Figures 6 and 7.
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Figure 6. Crystal Violet photocatalysis

After 90 minutes, there wasn't a significant change in how well the samples worked in CV
photocatalysis (S-A 83% vs. S-B 82%), but it was a little better than commercial TiO2 (79%). The
S-A composite removed 96% of the methyl orange colour after 90 minutes, which was better than
the S-B composite, which only removed 86 and 87%, respectively, which was about the same as
commercial titanium dioxide (Siddiqui et al., 2024; Tabassum et al., 2024).
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Figure 7. Methyl orange photocatalysis

Blends are much better for post-process separation because the solids (S-A and S-B) settle more
quickly than commercial titanium dioxide. This can be seen through the comparison of images B
and C (Figure 8) and 9 and 10 (Figure 9) (Bharti et al., 2024).

Figure 8. CV solutions: initial (A), following photocatalysis: with composites (B) with TiO2
(©)
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B B C

Figure 9. AM solutions: initial (0), after photocatalysis with composites (9) and TiO2 (10)

Because of this, solutions made with titanium dioxide photocatalysis are cloudier than solutions
made with composites. This part concerns how much semiconductor is left over after spinning. The
TiO2 is not fully poured; some are mixed in with the solution, and a small amount stays on the
container wall. In this case, there would need to be a second separation step (Mazibuko, Onwubu,
Thabang, & Mdluli, 2024; Narwal et al., 2024).

This result is also supported by the work of Borges et al. and the comments of Ribeiro et al., who
used TiO2 to do photodegradation tests on the wastewater from washing jeans. This showed them
that the solid was still spread out in the medium after 24 hours. The samples were synthesized fully,
so there is no need for an extra step to ensure that the semiconductors are sunk into the dye solution
(Gupta et al.; Petcu et al., 2024).

TURBIDITY:

After titanium dioxide and light tests, the CV solution had 2,500 turbidity units (UT). The CV
solution with the synthesized compounds had a turbidity of 0.65 UT because of photocatalysis.
These quantitative results back up the qualitative ones because, even after centrifugation, the
significant turbidity of the solution that still shows scattered TiO2 is seen (Figure 9 C). The
Ministry of Health says that 5 UT is the lowest turbidity water level and is still considered safe for
people to drink. Because of this, the photocatalytic process that uses the synthesized compounds is
better than the one that uses Degussa TiO2 P-25 (D. Das, Verma, & Tangjang, 2024).

CONCLUSION:

When titanium dioxide is mixed with carbonaceous material, it doesn't change the structure of the
oxide itself. However, the specific region's values and morphological features are different when the
titanium dioxide to mango seed ratio is 1:1 or 1:2. Compared to commercial TiO2, using
composites keeps or slightly boosts the colour change of the dyes in photocatalysis after 90 minutes.
This is true for both crystal violet and methyl orange. Both combinations solidified better after the
process, which made separation easier. This means these materials can be used in photocatalysis
without undergoing another separation step. So, the titanium dioxide/carbonaceous material
compounds made are valuable alternatives for the heterogeneous photocatalysis of dyes.
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