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Abstract

This study focuses on the synthesis of a ternary material via a solvothermal
process, followed by a calcination route. Spherical TiO2 nanoparticles were
immobilized on raw Algerian diatomite, purified with phosphoric acid. The
prepared composites were calcined at 300 °C for 2 hours and then were
characterized using various techniques. The results revealed that
TiO2/diatomite hybrid catalysis exhibited superior distribution over the
support surface. Calcined TiO2 raw diatomite (CTRD) and calcined TiO2
phosphoric diatomite (CTPD), the morphology showed a layer of TiO2
anatase deposited on the CTRD surface. The calculated particle sizes of
three materials were in the range of 66-80 nm. The photocatalytic
degradation of CTPD enhanced degradation of Metronidazole (MTZ) to
99.30% and resulted in 96.25% of Evans Blue dye (EB) degradation. The
three composite significantly increased the photocatalytic activity of TiO2,
with diatomite effectively hindering the growth of TiO2 grains on its
surface.
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2. INTRODUCTION

In recent years, the degradation of pharmaceutical compounds and synthetic dyes in wastewater has
emerged as a critical environmental concern due to their potential adverse effects on ecosystems [1-3]
and human health[4,5]. Metronidazole, acommonly used antibiotic [6,7] and Evans Blue, a synthetic dye
[8,9] have garnered particular attention due to their persistence and potential ecological impact [10-12].
The discharge of these substances used in various industries into natural aquatic ecosystems poses a
significant threat to aquatic life, as traditional wastewater treatment methods may not effectively remove
these pollutants, requiring advanced and sustainable treatment technologies to mitigate the environmental
impact of these contaminants [13].

Photocatalysis has emerged as a promising approach for the removal of organic pollutants from water
[14]due to its eco-friendly nature and high efficiency under irradiation. Titanium dioxide (TiO2), with its
well-known photocatalytic properties, has been extensively studied for such applications. However, the
practical application of TiO2 nanoparticles faces challenges related to their agglomeration [15-17], their
limited surface area, and the difficulty in recovery from treated water.

To address these challenges and enhance the photocatalytic performance of TiO2 [18-22], diatomite,
which is a natural, porous, and environmentally friendly material, was selected as a support matrix for
TiO2 nanoparticles to prepare a hybrid TiO2/diatomite catalyst.

Nanocomposite materials have good properties such as a more uniform stress distribution throughout
the matrix. In recent years, numerous studies have focused on oxide nanoparticles (Fe203, Fe304 [23,24],
AlI203 [25], ZnO [26-29], SnO2 [27-30], SiO2, TiO2 [31-33], BaTiO3, SrTiO3 [34],Fe —Ce
[35],MnO2/NiO [36] ZnO/calcium alumino-silicate[37] .

The non-hydrolytic sol-gel method provides exact control over particle size and shape [38.39], therefore
customizing the catalytic characteristics of the resultant composite material.

Nano composites are being studied for their potential to change the matrix's properties or give it new,
potentially magnetic properties [40,41].

The objective of this research was to investigate the enhanced photocatalytic activity of the nano-
TiO2/Diatomite composite in the degradation of Metronidazole and Evans Blue dye under UV lamp light.
This study explored the synergy between the unique properties of TiO2 nanoparticles and the porous
structure of diatomite, aiming to improve the degradation efficiency of the composite.

The results contribute significantly to the development of advanced photocatalytic materials for the
removal of persistent organic pollutants, thereby providing a sustainable solution to address the
environmental challenges associated with pharmaceuticals and synthetic dyes in aquatic ecosystems.

2. EXPERIMENTAL

2.1 MATERIALS

Titanium butoxide Ti (C4H90)4) 98% (TBOT), absolute ethanol, purity 99.8%, and phosphoric acid,
H3PO4 (95.97% ) were purchased from Sigma-Aldrich, The reaction was performed at room temperature
while stirring under a chemical fume hood due to the large amount of acid fumes in this reaction and
diatomite (Kieselghur) was collected in the western region of Algeria .

2.2 METHODS OF CHARACTERIZATION

FTIR spectra were recorded between 400 and 4000 cm-1 using a JASCO 4100 spectrometer. X-ray
powder diffraction, XRD patterns were recorded on a Philips diffractometer model PW 1830, with Ni-
filtered CuKa (A= 1.5406 A) radiation operated at a tube voltage of 40 kV and a tube current of 30 mA.
HIROX SH 4000 SEM-EDS BRUKER scanning electron microscope with EDS was utilized to examine
the morphology and provide the titane in the produced samples. The sample was fastened with carbon
tape to the sample holder. Pollutant absorbance measurements were carried out using a Specord 200 plus
UV-vis spectrophotometer.

2.2.1 SYNTHESIS OF TIO2NPS/RAW AND TREATED DIATOMITE COMPOSITES

An economical and straightforward method was used to prepare TiO2/Algerian diatomite nanoparticles
composite using the sol-gel and solvothermal techniques. Fig.1 shows the process of synthesizing the
nanoparticles composite. In this method, 3 g of raw diatomite was mixed with 10 mL of absolute ethanol.



Fig. 1. Steps for synthesis of TiO2/raw and phosphoric acid treated diatomite (1) Titanium butoxide (2)
Addition of diatomite (3) Stirring the mixture.

3 mL of titanium butoxide (TBOT) Ti (C4H90), previously stored in the freezer, was then slowly and
carefully added to the initial mixture while vigorously stirring for 15 minutes at room temperature. This
process resulted in the formation of a gel. After agitation, the mixture was transferred to a Teflon-lined
stainless steel autoclave. The gel was heated at 80°C for 24 hours. The resulting mixture was then calcined
at 300°C for 2 hours. The same procedure was repeated for phosphoric acid treated diatomite (CTPD),
as well as for the preparation of TiO2 nanoparticles in spherical form in a composite without adding
diatomite. Fig. 2 shows pictures of the TiO2 nanoparticles, the calcined TiO2 raw diatomite (CTRD) and
the calcined TiO2 phosphoric diatomite (CTPD), respectively. In the diatomite-titanium system, we were
able to demonstrate the viability of producing TiO2 nanoparticles by the non-hydrolytic sol-gel
approach[42]. Several tests were conducted to optimize the conditions and obtain nanoparticles material.

Fig. 2. Materials used (a) TiO2 Nps, (b) CTRD, (c) CTPD, after calcination at 300 °C for 2 hours.
3. RESULTS AND DISCUSSION

3.1 X-RAY DIFFRACTION (XRD) ANALYSIS

The XRD diagrams of TiO2/diatomite composites obtained and the TiO2 nanoparticles are shown in
Fig.3. The XRD patterns revealed the presence of three main peaks. The composites CTRD ,CTPD
exhibited a broad asymmetric diffraction peak at 260 = 26.61°, 65.26 °, 64.15°, 26.74°, corresponding to
Anatase TiO2. The CTRD also showed a weak quartz diffraction peak. The crystalline size of TiO2 in the
composites was calculated Debye—Scherrer equation

Dhkl = K A /Bhkl . cos 6

Where, D is the crystal size of the catalyst, K is dimensionless constant, A is the X-ray wavelength , B is
the full width half maximum (FWHM) of the diffraction peak and 0 is the Bragg angle corresponding to
(hkl) reflection. The calculated particle sizes of the TiO2 Nps are about 57 nm was successfully deposited
on the surface of the raw diatomite , and about 60 nm for the crystallite size of TiO2Nps immobilized on
the surface of diatomite purified by phosphoric , indicating that the difference between the supports has
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minimal influence on the size of supported TiO2 particles, as Guangxin Zhang et al. [43] observed.
Indeed, the diatomite dispersed TiO2 particles and prevented agglomeration, as reported by Zhiming Sun
et al. [44] In the realm of photocatalytic degradation, TiO2 has a significant advantage due to its strong
photocatalytic activity[45].
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Fig. 3. Powder XRD patterns of CTPD, CTRD and anatase TiO2.

3.2 SCANNING ELECTRON MICROSCOPY (SEM) AND ENERGY DISPERSIVE
SPECTRUM (EDS) ANALYSIS

Fig. 4 shows the morphologies and EDS spectra of (a) CTRD, (b) pure TiO2, (c) CTPD. The image of
pure TiO2 revealed particle grain sizes falling within the range of 10-100 nm, as depicted in Fig. 4(e).
Figs. 4(a) and 4(c), those are apparent that pore structures are uniformly distributed on the surface [22],
likely enhancing adsorption capacity. The surface exhibits partial masking by impurities, indicating their
removal and reduction following acid treatment. SEM images of CTRD and CTPD demonstrate effective
immobilization of TiO2 on the diatomite surface, with the anatase TiO2 phase distributed on the surface
and formed a thin layer contributing to enhanced photocatalytic activity. Electron dispersive X-ray
spectrometry (EDS) verified the composition of pure CTRD, CTPD, and TiO2 samples, with surface area
analysis results presented in Fig. 4(d), Fig. 4(e), and Fig. 4(f), respectively. Characteristic peaks for Si, O,
are evident in Fig. 4(d), suggesting that the primary component of CTRD and CTPD is SiO2.
Comparatively, characteristic peaks for Ti, consistent with XRD analysis findings, are also observed in
the EDS spectrum of TiO2[46].
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3.3 ATR-FTR ANALYSIS

Infrared spectra, as shown in Fig.5, display several absorption peaks indicating the characteristic bands
of the nanocomposite. The IR results of the CTRD, CTPD, and TiO2 spectra are characterized by the
following, the observed infrared peak at 3684 cm-1 can be attributed to the vibrations of hydroxyl (OH)
groups. Peaks around 540 cm-1 and 794 cm-1 indicate the presence of the Ti-O-Ti bonds. A vibration
mode at a wavenumber between 720 cm-1, 1067 cm-1 and corresponds to the vibrations of Si-O-Si bonds
present in the CTRD and CTPD composites. The appearance of a broad band, observed at 520 cm-1 and
small band around 920 cm-1 corresponding to the Si-O-Ti bond, can be assigned to the characteristic
stretching vibration of TiO2 [47,48].
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Fig. 5. FT-IR spectroscopy of TiO2/diatomite composites.

4. PHOTOCATALYTIC PERFORMANCE OF CTRD, CTPD AND TIO2

The photolytic performance of the prepared catalysts (CTRD, CTPD) and that of TiO2 nanoparticles was
assessed using Evans Blue dye and Metronidazole drug under UV-radiation. The most part, the
heterogeneous catalytic process as described by the Langmuir—Hinshelwood (LH) kinetic equation [49]
was utilized.

_ dC _ K{KC

=3~ Texc @

Where K is the adsorption rate constant, r is the rate of reaction that varies with time (t), and kr is the
reaction rate constant. When t = 0, C = CO, the rate expression based on LH expression can be inferred to

first-order Kinetics and was explained as follows:
C

—lnc—o = Kappt (2)
Where t is the reaction time, C is the drug and EB dye concentration in aqueous solution at any given time
during photocatalytic degradation, the apparent reaction rate constant (kapp) was used in this investigation
as a benchmark to compare the photocatalytic activities of the examined materials.

4.1. EVANS BLUE DYE

Fig.6 shows the absorbance spectra of a 25 mg/L Evans Blue solution Amax = 607 nm as a function of
UV-radiation time. Between 0 and 30 minutes, the composites were obscured to observe the effect of
adsorption. After 30 minutes, we turned on the UV light and started the photodegradation process It can
be seen that discoloration by CTRD gradually increases as a function of radiation time, passing from
absorbance 0.303 at the beginning of exposure to UV to 0.02 after 165 min, corresponding to 97.09%
degradation whereas for CTPD, a percent degradation of 96.25% was reached within 165 min exposure
time, which clearly denotes the better performance [46] of the former with respect to both CTPD and
TiO2 where degradation attained 77.12% only. The TiO2 has a significant advantage due to its strong
photocatalytic activity, and in the presence of diatomite as support. The dye-composite's contact surface
area increases, resulting in better degradation [50].
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Fig. 6. Photocatalytic degradation kinetics of a 25 mg/L Evans Blue solution (Amax = 607 nm) at different
UV-radiation times
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Fig. 7 shows the kinetics of photocatalytic degradation of Evans blue dye under UV radiation for
TiO2Nps, CTRD and CTPD after the mixtures were kept in the dark for 30 minutes. The nonlinear
parameters are shown in Table 1. Pseudo first order reaction rate was obtained for the three materials
investigated. Table 2 reports the results obtained in this study in comparison of results published
elsewhere [51-54]. Degradation rates obtained with CTRD and CTPD were significantly high and
approached those reported in References [52] and [53].
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Fig. 7. Kinetics of photocatalytic degradation of Evans Blue dye under UV-light irradiation for TiO2Nps,
CTRD and CTPD samples after a contact time of 30 minutes in the dark. Nonlinear fit.

Table 1: Results of UV-light photocatalytic kinetic parameters over TiO2NPs, CTRD and CTPD
composites.

Samples Kapp (10-2) R2 ORrezja;crtlon
CTRD 0.005 0.92768 1st
CTPD 0.007 0.97428 1st
TiO2 0.004 0.98495 1st

Table 2: Comparison of photodegradation results of Evans blue with other published experimental
results

Samples Degradation rate (%) References
TiO2 92 [51]

Fe (1) doped CdS 98.75 [52]
ZnFe204 98.83 [53]
CdS-Tio2 84 [54]
TiO2NPs 77.12 Current work
CTRD 97.08 Current work
CTPD 96.25 Current work

4.1.1 DEGRADATION MECHANISM OF EVANS BLUE
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Fig. 8 show a mechanism of degradation of Evans blue based on mass spectral analysis as proposed in
Reference 55.
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Fig.8. Proposed mechanism for Evans blue degradation by GWLF based on mass spectral analysis [55]

4.2. METRONIDAZOLE DRUG

Similarly, Fig. 9 shows the photodegradation of metronidazole at different radiation times through
absorbance reduction measurements. Table 3 shows that the photodegradation reaction rate was of pseudo
first order with regression coefficients approaching unity.
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Fig. 9. Kinetic photodegradation of metronidazole drug [25mg/L], (A max = 320 nm) at different
radiation times

5 - e CTRD
_— - @® CTPD
J e A TiO2
_— non linear fit CTRD
P d non linear fit CTPD
4 — - —— non linear fit TiO2
— /‘
4 - -
[ 2l _—
O 34 _— -
= e -
S y 2 "
O 1 - - /;/
S - _— _—
— 2 /// m = //Ar'
- _— -~
1 //// /,l/// o -
- A —
i i
O — -//-
—
T T T T T T T T 1
20 40 60 80 100 120 140 160 180

Time (min)
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Table 3: Results of adsorption and UV-light photocatalytic kinetic parameters over TiO2NPs, CTRD
and CTPD composites.

Reaction
Samples Kapp (10-2) R2 order
CTRD 0.004 0.98734 1st
CTPD 0.013 1 1st
TiO2 0.002 0.99207 1st

The findings reveal that all catalysts exhibited notable photocatalytic activity in degrading dye under
visible light irradiation. Notably, the CTRD catalyst demonstrated the highest degradation rate, followed
by CTPD and TiO2 Nps, suggesting that the presence of Si-OH groups on diatomite conferred a negative
surface charge, thereby enhancing the catalyst's affinity for Evans Blue dye compared to TiO2 alone.
Despite composite catalysts utilizing raw diatomite as carriers possessing a higher specific area, their
yield was lower than that of TiO2 and CTPD, implying a superior adsorption capacity for the latter.
Furthermore, the presence of impurities in raw diatomite may lead to TiO2 nanoparticles deactivation due
to aggregation caused by high surface energy.

This study elucidates that the photo degradation of Evans Blue dye and Metronidazole drug follows
pseudo-first-order Kinetics.

The comparison of the phodegradation results obtained in this study with other published data as shown
in Table 4, revealed significant photodegradation but lower than those published in References[6] and
[56] but higher than that reported in Reference [57].

Table 4: Comparison of present photodegradation results of Metronidazole with other published
experimental results

Samples Degradation rate (%) time(min) References
Fe304/rGOI/TiO2 98 120 [6]

ZnO/UV 96.55 180 [56]
ZnO/rGO 49.3 160 [57]
TiO2NPs 82.34 150 Current work
CTRD 89.77 135 Current work
CTPD 99.31 165 Current work

4.2.1 DEGRADATION MECHANISM OF METRONIDAZOLE
Likewise, Fig.11 reproduces the mechanism of photodegradation of metronidazole reported in [58].
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Fig .11. Proposed metronidazole photodegradation under solar light with UiO-66-NH2 photo catalyst:
Mechanisms, pathway [58]

The photodegradation of the dye and the drug are depicted in Fig. 12, showing the performance of the
treated diatomite with respected to TiO2 nanoparticles.
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Fig. 12. Histogram of Evans blue dye and Metronidazole drug photodegradation percentage on catalysts
CTRD, CTPD and TiO2 NPs
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CONCLUSION
Spherical TiO2 nanoparticles were synthesized using a solvothermal method. Titanium tetra-n-butoxide
was employed as a precursor, followed by calcination at 300°C for 2 hours. These nanoparticles were
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successfully immobilized on the surface of raw diatomite (CTRD). Subsequently, the diatomite was
treated with phosphoric acid (CTPD).

The TiO2 nanoparticles are in the anatase phase. X-ray diffraction analysis demonstrated the high
crystalline of the TiO2-Nps anatase phase. Using the Scherrer equation, we determined the crystallite
sizes of the synthesized composites. For CTRD, a size of approximately 80 nm was obtained, while for
CTPD, it was 66 nm

Additionally, scanning electron microscopy (SEM) analysis indicated that the TiO2 particles were
uniformly dispersed on the surface of the diatomite. The TiO2 particles formed a layer on the surface of
raw diatomite and occupied the pores of diatomite treated with phosphoric acids, as observed in the SEM
analysis

The formation of a Si-O-Ti band was observed at around 520.08 cm-1 and 920 cm-1in raw diatomite and
approximately 550 cm-1 in treated diatomite, as confirmed by IR analysis.

The photo degradation of Evans Blue dye showed good photocatalytic activity for the catalysts, with a
preference for CTRD which degraded 97.088% of the dye after 165 minutes.

The photo degradation of Metronidazole showed good photocatalytic activity for the catalysts, with a
preference for CTPD which degraded 99.31% of the drug after 165 minutes, and CTRD degraded 89.77%
after 135 minutes at the pH of the solution.

This investigation clarifies that pseudo-first-order kinetics govern the photodegradation of the antibiotic
metronidazole and Evans Blue dye.

The photocatalytic activity trend for the three catalysts is as follows CTRD > CTPD> TiO2 for the drug
studied, and Evans Blue dye.

These results reveal that the immobilization of titanium on diatomite enhances photocatalytic degradation.
CTRD could be a promising catalyst for wastewater treatment due to its excellent photocatalytic
properties
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