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diatomaceous earth, making it a suitable catalyst support for synthesizing
mixed-phase S-TiO2 catalysts using the sol-gel technique. The synthesized
photocatalyst exhibits photocatalytic activity similar to that of S-TiO2. The
NO removal efficiency under the same conditions with different catalyst
supports only decreases by approximately 3% within 30 minutes at a reaction
rate of 0.0950 min-1, with an optimal mass ratio of 70:30 for S-TiO2 and
diatomite. This composite material holds promise for addressing the
application of photocatalytic materials in practical environmental treatment,
including NO removal and the treatment of other environmental pollutants, as
diatomite is a naturally available and environmentally friendly material.

Keywords: diatomite, NO removal, photocatalysis, S-doped TiO2 nanotube, sol-gel technique

1. Introduction

International issues include environmental pollution, global warming, and the lack of clean and eco-
friendly energy sources. Scientists and technologists worldwide are researching various methods to
address ecological concerns. One of the currently highly prioritized methods is photocatalysis, utilizing
the exceptional properties of semiconductor materials to completely oxidize organic compounds using
air oxygen as the catalyst under the influence of solar light. Therefore, a crucial requirement is to search
for photocatalysts that work effectively in the visible light region (Karthikeyan et al., 2020).

One of the semiconductor photocatalysts utilized for catalyzing the degradation of water and organic
pollutants in the air is titanium dioxide (TiO2) (Bian et al., 2024; Gopinath et al., 2020). It is widely
employed due to its stable physical and chemical properties, high catalytic activity, and ease of synthesis.
Numerous studies have shown that modifying TiO> with certain metallic and non-metallic elements can
reduce the bandgap energy, thereby expanding the range of visible light photocatalysis. The key for
subsequent applications lies in the material's electronic structure, which includes a wide bandgap of 3.2
eV, appropriate edge positions for various oxidation-reduction reactions, a relatively long lifetime of
excited electrons, and special photostability. While the wide bandgap is crucial for many applications, it
also limits the use for solar irradiation-controlled applications (only 7% of solar energy is supplied within
the < 400 nm spectral range, meaning the super-wideband energy range of TiO2) (Samsudin & Abd
Hamid, 2017; Wang et al., 2024). Therefore, research is focused on modifying the electronic properties
of TiO2 through techniques such as bandgap engineering (narrowing the optical bandgap) and
incorporating large quantities of impurities with elements such as S, N, or metals to create visible light-
responsive photocatalytic reactions (Akhter et al., 2022; Basavarajappa et al., 2020; Orizu et al., 2023).
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However, TiO7 and its impurity phases are typically powders, which pose challenges in practical
applications. Therefore, selecting a readily available material from nature to assist in forming
composite structures for practical applications while having minimal impact on the photocatalytic
activity of TiO; and its impurity phases is necessary (Ao et al., 2019; Jin et al., 2022).

Diatomite is widely used in construction, the petroleum industry, the light industry, the chemical industry,
and other fields, thanks to its unique physical and chemical properties. The distinctive characteristics of
diatomite, such as its porous and multi-layered structure, make premium diatomite resources increasingly
scarce. In Vietnam, diatomite is a sedimentary rock mainly found in Phu Yen, Lam Dong, and An Giang
provinces. Some main minerals in diatomite include diatom shells, opal, clay, and sea sponge spicules
(Nguyen & Dang, 2020; Van Viet et al., 2020). Its crystal structure in Phu Yen is in tubes or long
cylinders, making it highly porous (Son et al., 2017). Currently, diatomite is widely applied as a filter aid
material and used in shrimp farming water treatment, as a raw material in the production of insulation
materials, as an additive in the production of cement and lightweight concrete, and more. However,
diatomite's full potential and environmental applications have not yet been fully exploited, and there are
limited studies on diatomite in ecological treatment (Chen & Liu, 2016; Jin et al., 2022).

This study aims to create the initial composite of S-TiO»/Diatomite to preserve the photocatalytic
efficiency while incorporating diatomite as a nano S-TiO; carrier material.

2. Materials and methods

2.1. Materials

* Diatomite-prepared diatomite material in Phu Yen province

* Research chemicals: NaOH (China, 96%), HCIl (China, 36%), pure TiO2 (China, 98%), Thioure
(China, 99%)

2.2. Methods

Preparation of diatomite:

Diatomite 1s mixed with SM HCI acid in a ratio of 1:25 and stirred at 1000 rpm at 75°C for 72 hours.
Afterward, it is thoroughly rinsed with deionized water multiple times until the pH value reaches 7.
Finally, the sample is dried at 80°C for five hours (Alyosef et al., 2014).

Synthesis of S-TiOz/Diatomite:

The S-TiO2/Diatomite composite is synthesized through the sol-gel method. Firstly, 0.5g of S-TNTs
1s weighed and mixed with 20mL ethanol while stirring. This solution is designated as solution A. To
prepare solution B, diatomite and ethanol are mixed in different weight ratios (30%, 40%, 50%, 60%),
0.5mL of glacial acetic acid, and 1.5mL nitric acid (1 mol/l) while stirring the mixture. Solution B is
gradually added to solution A with continuous stirring to obtain the precursor gel. The precursor gel
is then dried at 60°C and annealed at 500°C for 2.5 hours to form the S-TiO»/Diatomite composite.
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Fig 1. Material synthesis process S-TiOz/Diatomite material
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Evaluate the NO gas treatment efficiency of photocatalytic materials.

To treat NO gas using the S-TiO2/Diatomite material, we utilize a solar simulator lamp (OSRAM 300
W) as the light source, which emits wavelengths ranging from 400 to 800nm.

0.2g of the S-TiO»/Diatomite material is weighed and placed in a 10cm diameter Petri dish, which is
then placed inside the photocatalytic chamber equipped with a UV/IR filter. The flow rate is
controlled at 3L/min, and the humidity is maintained at 70%. The photocatalytic catalysts are
irradiated for 1 hour to achieve a NO adsorption/desorption equilibrium state in the dark.

The NO removal efficiency (H%) is calculated using the following formula (Van Pham et al., 2022):

C,—C
H%=(OC—t)><100%

Co and C; represent the NO concentration in the inlet and outlet streams.

3. Results and Discussion

The investigation on photocatalytic removal of NO with a concentration of 500 ppb in Figure 2a
shows that Diatomite does not exhibit photocatalytic activity. However, when Diatomite is combined
with S-TiO2 material, the efficiency of NO gas treatment increases significantly but is still lower than
that of S-TiO, material alone. The photocatalytic activity increases sharply in the first 7 minutes due
to the large contact area and the absence of reaction by-products that hinder the contact between the
material and NO gas. After that, the efficiency increases very little until 30 minutes. The samples
combined with S-TiO»> material in ratios of 30%, 40%, 50%, and 60% Diatomite exhibit treatment
efficiencies of 44.4%, 43.3%, 41%, and 36.2%, respectively. Therefore, the S-TiO2-30D% material
has the highest NO treatment efficiency, although it is still lower than the efficiency of the S-TiO»
material alone (47.3%). After combining with Diatomite, the efficiency decreases in the range of 2.9-
11%. Both TiO; and S-TiO> materials are in powder form, which presents some difficulties in practical
applications. Thus, this study proposes using high-temperature-resistant Diatomite as a carrier for
photocatalytic materials to facilitate practical applications. When Diatomite is combined with S-TiO»
nanotubes, these particles are attached to the cavities of Diatomite. If the Diatomite content increases,
the surface area of S-TiO, nanotubes decreases, leading to a tendency to reduce photocatalytic
activity. Therefore, the appropriate ratio for Diatomite as a carrier in the composite mixture of
Diatomite and S-TiO> is 30:70, which exhibits photocatalytic activity. Currently, other studies are
exploring the application of Diatomite with various materials in environmental treatment. Wen Sun
et al. researched nano-TiO/diatomite to remove natural organic matter, achieving promising results
(Sun et al., 2014). Zhiming Sun et al. studied TiO»/diatomite composites to treat Rhodamine B,
achieving high efficiency (Sun et al., 2015). Guangxin Zhang et al. investigated nano-TiO2/diatomite
composites for formaldehyde treatment (Zhang et al., 2016).
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Fig 2. NO gas treatment efficiency depends on time (a) and corresponding. Pseudo-first-order kinetic
curves (b)
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The mechanism of photocatalytic activity in the decomposition of NO gas under visible light by S-
TiO2/Diatomite is shown in Figure 4 and described by Equations (1-9). When stimulated by
appropriate photon energy, S-TiO>/Diatomite undergoes the process of photoinduced electron (e7) and
hole (h") separation, as shown in Equation (1). Some of the generated electrons (¢) migrate to the
surface of the photocatalyst and reduce the absorbed O, molecules to form *O, (Equation (2)).
Subsequently, the «O;" radicals continuously undergo intermediate reactions with H>O to produce
additional *OH radicals (Equations (4 - 6). Additionally, the trapped holes can oxidize OH" species to
*OH radicals (Equations (3), (7)). Finally, these reactive oxygen species (*O2" and *OH radicals)
strongly decompose NO gas, as shown in Equations (8) and (9).

The Langmuir-Hinshelwood model is used to explain NO degradation rate in a material through
photocatalysis. The first stage of this process shows a linear relationship between the natural
logarithm of the ratio of the initial concentration of NO to its concentration at a given time and the
reaction time, indicating a first-order kinetic mass transfer-controlled process (Messerer, Niessner, &
Péschl, 2006). The apparent reaction rate constants (k) for S-TiO2 (0.1361 min™'), S-Ti02-30%D
(0.0950 min!), S-Ti0»-40%D (0.0860 min!), S-Ti02-50%D (0.1000 min™'), S-Ti02-60%D (0.0872
min') were determined, while Diatomite, which does not exhibit photocatalytic activity, had a rate
constant of 3.3x10-4 min (Fig 1b). All the S-TiO»/Diatomite samples showed lower NO
photocatalytic degradation rates than when not mixed with Diatomite.
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Fig 3. There is NO degradation performance in the green product, NO-to-NO2 conversion of samples.
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As shown in Figure 3, the conversion efficiency of NO to NO> by S-TiO: is relatively low (4.9%),
contrary to S-TiO2-30%D, S-Ti02-40%D, S-Ti02-50%D, and S-TiO2-60%D exhibit conversion
efficiencies of 8.7%, 4.4%, 6.6%, and 5.2%, respectively, in the photocatalytic process. This is an
unexpected result because NO is more toxic than the initial NO pollutant. The addition of Diatomite
to the S-TiO> material is believed to contribute to the formation of products, including both NO and
NOa», depending on the amounts of *OH and *O>" generated, as described in Equations 4-6.
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Fig 4. Photocatalytic mechanism illustration of S-Ti02/Diatomite under visible light illumination

4. Conclusion

In this study, the researcher successfully loaded S-TiO> nanoparticles onto diatomite using the sol-gel
method. The nano-sized S-TiO: particles were dispersed either on the surface or inside the porous
structure of diatomite. The ability of the composite catalyst to adsorb depends on the surface area and
volume of its pores under ideal circumstances. While the raw diatomite alone had almost negligible
photocatalytic activity within 30 minutes of light irradiation, the synthesized composite material
exhibited excellent photocatalytic efficiency comparable to S-TiO. To apply the S-TiO»/Diatomite
composite in practical applications, further research is necessary on the material's morphology,
structure, and recyclability in the future.
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