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Abstract
Tetracycline is a common commercial antibiotic that is used in large quantities against Keywords:

bacteria and a wide range of microorganisms. The presence of TC in pharmaceutical | Tetracycline, Organic-
industries and hospital wastewater can cause an unpleasant odor, skin disorders, and Covalent Structure,
microbial resistance in pathogenic agents, and can lead to the death of effective Aqueous Solution,
microorganisms responsible for purifying wastewater. Therefore, its removal before | Photocatalyst, Visible
entering into the environment is of great importance. Given the importance of the issue, Light.

this study evaluates the efficiency of TC removal from aqueous environments using a
photocatalyst with an organic-covalent structure under visible light. In this study, a
photocatalyst with an organic-covalent structure (CTF-P) was synthesized by reflux
method and its efficiency was investigated. To identify the synthetic photocatalyst
characterization, transmission electron microscopy, scanning electron microscopy, X-ray
diffraction, elemental mapping analysis (EDX-Mapping), Fourier transform infrared
spectroscopy, nitrogen adsorption-desorption analysis (BET) and diffuse reflectance
spectroscopy were employed. Moreover, the effects of pH variables (4-9), photocatalyst ‘:'*b'i»su‘ ‘
concentration (10-40 mg) and contact time ((-30)-180 min) on the removal process were s
evaluated. Based on the results obtained, maximum removal efficiency was achieved at a
90 min contact time, 30 mg of photocatalyst content, and pH=7. The study of scavengers
showed that the oxidants (i.e. 03, e and H®) play an important role in the degradation
process of TC from wastewater. As shown, CTF-P photocatalyst with organic-covalent
structure could be used as an effective material for the removal of TC from industrial
wastewater under visible light.

Received: Sep. 4, 2024
Revised: Oct. 28, 2024
Accepted: Dec. 2, 2024

Use y%urhdevic_elto scle_an and
. . . read the article online
To cite this article:

Bashar, M., Sobhan Ardakani, S., Cheraghi, M., Lorestani, B. and Shahmoradi, B., 2025.
Removal of tetracycline from aqueous environments using CTF-P photocatalyst with
organic-covalent structure under visible light. Water and Wastewater, 35(5), 24-38.
https://doi.org/10.22093/ww;j.2025.500893.3460.

© The Author(s).
This work is licensed under a Creative Commons Attribution 4.0 International License

Water and Wastewater oMol 5 of 0
Vol. 35, No. 5, 2025 VEY gl osled FO oy =


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
mailto:s_sobhan@iauh.ac.ir
https://doi.org/10.22093/wwj.2025.500893.3460
https://doi.org/10.22093/wwj.2025.500893.3460
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-1129-0829
https://orcid.org/0000-0002-6038-0514
https://orcid.org/0000-0002-7918-8944
https://orcid.org/0000-0001-5016-8651
https://orcid.org/0000-0002-2120-4518

25

dx.doi.org/10.22093/wwj.2025.500893.3460

Removal of tetracycline from aqueous ...

1. Introduction

Water is an essential component of life that plays
a significant role in the proper functioning of
Earth's ecosystems. In many parts of the world,
drinking water is not readily available. More than
700 types of organic and inorganic pollutants
have been reported in the world's waters, some of
which are toxic and carcinogenic, and some
remain in the environment for long periods and
are not biodegradable. Among these, antibiotics
are the most widely used drugs, employed in the
treatment of medical, veterinary, and other
infections.

According to the World Health Organization,
7,700 kilograms of antibiotics are produced
worldwide every day. Tetracycline® is among the
antibiotics that enter water sources through
pharmaceutical and human wastewater, and
exposure to it or its metabolized compounds can
increase the risk of cancer and mutations in germ
cells and embryonic cells. Among non-metallic
photocatalysts, a new group of crystalline and
porous organic materials with a polymer
structure-porous organic polymer with a triazine
structure-has attracted the attention of scientists
due to their unique physicochemical properties,
such as high specific surface area, abundant
porosity, and narrow band gap, making them
potential candidates for the photocatalytic
removal process. Therefore, given the importance
of the subject, in this study, a covalent organic
polymer with a triazine structure is prepared, and
the photocatalytic removal of TC residues from
aqueous solution is investigated.

2. Materials and method

2.1. Synthesis of covalent
framework polymer?

For the preparation of the CTF-P, first an agitated
solution of piperazine (0.861g, 10 mmol) and
K,CO; (2.5g, 25mmol) in 1,4-dioxane (60 mL)
was added to a 250 mL round-bottomed flask.
Subsequently, a solution of cyanuric chloride
(1.47 g, 8 mmol) dissolved in 1,4-dioxane (40mL)
was gradually added to the piperazine solution
and mixed for 1 h; the solution was mixed and
heated at 120 °C for 48 h under N,. Then, the
obtained white product was gathered by vacuum
filtration through a membrane filter (0.45 pm)
and washed with dichloromethane, methanol, and
acetone several times and oven-dried for 24 h at
70 °C (Hu et al., 2019).

triazine

! Tetracycline (TC)
Covalent Triazine Framework Polymer (CTF-P)
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2.2. Photocatalytic tests

The photocatalytic  performance of the
synthesized CTF-P was evaluated for the
degradation of TC in aqueous solution using a 50
W LED-COB lamp. In accordance with standard
photocatalytic reaction procedures, 100 mL of the
TC solution (20 mg/L) was combined with 30mg
of the CTF-P in a 100mL Pyrex reactor. The
mixture was then agitated in the dark for 30 min
until the adsorption process reached equilibrium.
The sample was exposed to air to purge the
suspension, which allowed the reaction
temperature to be maintained at 25 °C with
flowing cooling water. The lamp was switched on
and sampling was done at different times (0-180
min). 3.5 mL samples were taken and were
passed through cellulose filters (Whatman, 0.22
um) for UV-visible spectrophotometry analysis.

3. Results

3.1. Characterization of CTF-P

Furthermore, the TEM image of CTF-P displays a
stacking layered structure attributed to the
stacking of two-dimensional nanosheet. SEM
images were captured to analyze the shape and
size of the synthesized CTF-P with different
magnifications. As shown in Fig. 1, the particles
exhibit several nanosheets with a size of less than
64 nm. From the elemental mapping results, it is
evident that carbon and nitrogen are evenly
distributed throughout the synthesis sample,
indicating the successful formation of the CTF-P
structure (Fig. 1).

Fig. 1. TEM images of CTF-P (a, b and c),
FESEM images of CTF-P (d, e and f), and
elemental mapping of CTF-P (g, h and i)
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Fig. 2. Time-curve survey of the normalized concentration degradation of TC with CTF-P (a), the
pseudo-first order plot (b) and pseudo-first order rate constants (c)

3.2. Photoactivity of CTF-P for TC
degradation

We evaluated the ability of CTF-P to pollution
degradation using TC as a test substance. Prior to
the exposure of the samples to light, a 30-min
dark adsorption experiment was conducted to
establish equilibrium between adsorption and
desorption. The CTF-P displayed low TC
adsorption of around 17.5%. As presented in Fig.
2, the photocatalytic activity of CTF-P led to
roughly 97.5% of the removal of TC in 90 min.
The pseudo-first-order kinetic equation was used
to better understand how photocatalysis works for
the degradation of TC. The result shows that the k
of TC photocatalytic degradation is calculated to
be 0.0387 min™.

4. Conclusion
In this study, an organic-covalent polymer was

synthesized and used in the removal of TC. SEM,
TEM, EDX, EDX-Mapping, XRD, FTIR, BET,
UV-Vis and DRS analyses confirmed the
synthesis of the polymer and indicated thin, flat,
two-dimensional nanosheets of the polymer
material. The results also showed that the
maximum TC removal efficiency was achieved at
pH=7, a contact time of 90 min, and a
photocatalyst dose of 30 mg. The reusability
study of the organic-covalent polymer
photocatalyst demonstrated that the efficiency of
photocatalytic degradation of TC from aqueous
solution decreased slightly after 5 times of use,
while no significant decrease in the reaction rate
constant was observed. Overall, the results
showed that the organic-covalent polymer has a
significant capacity for the removal of TC under
visible light and its application in the treatment of
wastewater  containing  these  drugs s
recommended.
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Fig. 1. TEM images of CTF-P (a, b and c), FESEM images of CTF-P (d, e and f) and
elemental mapping of CTF-P (g, h and i)
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