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Abstract. AgzPOs4 is a photocatalytic material with visible light response, which has a broad application
prospect in environmental treatment. However, due to its susceptibility to photocorrosion, high cost and
secondary pollution in water, it is limited to some extent. Therefore, we combined Ag3;POs4 photocatalyst
with PU membrane in the way of polymer membrane loading, and obtained Agz;PO4/PU composite
photocatalyst for tetracycline removal in water. This method can not only improve the stability of the

material, but also reduce the cost of use and reduce secondary pollution.
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1. Introduction

In recent years, with the development of society, the demand for antibiotic drugs in the public
healthcare sector has been steadily increasing. At the same time, a large amount of antibiotics is being
discharged into the environment, causing not only serious pollution to water bodies but also posing a
potential threat to human health through bioaccumulation in organisms [1,2]. Tetracycline, as an
efficient broad-spectrum prescription antibiotic, is widely used in both medical treatments and
livestock farming [3,4,5]. However, due to its incomplete absorption in the body, tetracycline is
primarily excreted into the environment through urine and feces [6,7]. Furthermore, tetracycline's
chemical stability makes it resistant to degradation, resulting in its persistence in the environment,
where it is difficult to eliminate [8,9,10]. Therefore, addressing the critical issue of removing
antibiotics from water has become an urgent task.

Currently, methods for treating antibiotic-contaminated wastewater include both physicochemical
and biological approaches. Among them, the most commonly used physicochemical methods are
membrane separation, adsorption, photocatalysis, electrochemical oxidation, physical coagulation and
precipitation, and Fenton oxidation[11]. Photocatalytic technology, as a green and efficient method,
has garnered significant attention in wastewater treatment. However, conventional photocatalysts are
usually in powder form, which can lead to secondary environmental pollution. In this context,
photocatalytic membrane materials have emerged as an ideal solution for environmental remediation.

Polyurethane (PU) is a versatile polymer that can take various shapes and serves as an ideal
substrate for the deposition of nanoparticles. Its porous structure, rich in ester groups, provides a large
surface area and numerous binding sites, which facilitate the growth and attachment of
nanoparticles[12,13]. The coupling of polyurethane with photocatalysts has been widely studied, and
compared to powder-based materials, PU offers significant potential in terms of application and
recyclability[14,15,16]. For example, Zhao et al. reported a PU/SF/GO/Agl photocatalytic membrane
that, due to its improved hydrophilicity and enhanced charge separation rate, effectively removed
tetracycline under visible light[17]. This highlights the feasibility of loading photocatalysts onto PU

membranes for various environmental applications.
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AgisPOs4 was a visible-light-responsive photocatalytic semiconductor material with a quantum
efficiency of up to 90%. As a novel visible-light photocatalyst, it exhibited strong photocatalytic
oxidation ability and potential for pollutant degradation[18,19]. However, its high cost, poor stability,
and difficulty in recovery limited its practical applications in photocatalysis. Therefore, the
combination of AgsPOs with PU membranes was explored to develop a more stable photocatalytic
membrane material.

In this study, AgsPO4/PU photocatalytic composite membrane materials were prepared using the
wet-phase transformation method and the impregnation-precipitation method. The optical properties
of the Ag3POs4 loaded PU membranes were investigated through scanning electron microscopy (SEM),
BET analysis, UV-visible diffuse reflectance spectroscopy, photocatalytic degradation experiments,
and free radical capture experiments. This work provides a new perspective for the research on

membrane catalytic materials for antibiotic removal.

2. Experiment

2.1 Material and reagent

Table 1. experiment reagent.

Reagents specification manufacturer

4-OH-TEMPO AR Shanghai Aladdin Industry Co., LTD.

AgNO3 AR Guangdong Guanghua Technology Co., LTD.
CH3;CH,OH AR Sinopsin Group Chemical Reagents Co., LTD.
Na,HPO4 AR Sinopsin Group Chemical Reagents Co., LTD.
EDTA-2Na AR Tianjin Guangfu Technology Development Co., LTD.
DMF AR Guangdong Guanghua Technology Co., LTD.

IPA AR Tianjin Fuyu Fine Chemical Co., LTD.
Methyleneblue(MB) AR Tianjin Kemiou Chemical Reagents Co., LTD.
Rhodamine B(RhB) AR Tianjin Kemi Ou Chemical Reagent Co., LTD.
Tetracycline(TC) AR Shanghai Maclin Biochemical Technology Co., LTD
Polyurethane(PU) AR Shanghai Maclin Biochemical Technology Co., LTD

2.2 Synthesis of the samples
2.2.1 Synthesis of AgsPO4
A certain amount of AgNOs powder was dispersed in 50 mL ethanol solution (ethanol: water = 2:3)

by ultrasound for 1 h. Dissolve an appropriate amount of Na2HPO4 powder in 30 mL water, then add
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it to the AgNOs solution drop by drop, and stir away from light for 4 h. Then the suspension is filtered
or centrifuged and dried in a mixing tank at 60 °C for 12 h.
2.2.2 Synthesis of AgsPO4/PU
Take 6 g of PU patrticles, 3 g of CaCOs powder, and 20 mL of DMF solution, mix and stir for 4 hours
to completely dissolve the particles. Then, the solution was poured onto one side of three 10 cm*10
cm glass plates wrapped with two layers of adhesive tape, and pushed flat with a glass rod. Then, the
glass plates were immersed in 200 mL of 0.5 mol/L, 1 mol/L, and 2 mol/L HCl solutions for 3 hours,
respectively, and then removed and soaked in clean water for 2 hours. Then, the membrane was
sequentially placed in a 0.075 mol/L (100 mL) AgNOs solution and a 0.025 mol/L Na2HPOs solution
for 10 h and 2 h, respectively. Finally, remove the membrane, clean it with deionized water, and place
it in a freeze-drying box for 4 hours. Remove it for use.
2.2.3 Characterization techniques
The properties of the composites were characterized by various photocatalytic analysis techniques. The
structure and phase composition of the composites were investigated by X-ray diffractometer
(XRD,X'Pert PRO MPD) running at A scan rate of 5°/min in the 20 range of 5°-90° using Cu-ka
monochromatic radiation (1.5406 A,45 KV,40 mA). The surface morphology and structure of the
prepared samples were characterized by scanning electron microscopy (SEM) (Hitachi Regulus8100).
The optical properties of the monomers and composites were studied by visible light diffuse reflection
spectrophotometer (UV-vis DRS,PE lambda 750). The absorbance of methylene blue dye in different
time periods was determined by UV-1800PC (Shanghai).
2.2.4 Photocatalytic degradation experiments
The photocatalytic performance was evaluated by degradation of TC pollutants in 300W xenon lamp
(CEL-HXF300) under visible light irradiation (A> 420 nm). For each experiment, before the light
source was turned on the 20 mg AgzPOs photocatalyst was dispersed into 50 mL of TC pollutants (30
mg/L).The mixture was stirred in the dark for 30min to achieve the adsorption-desorption
equilibrium.During illumination, approximately 4 mL of the solution was sampled every 20 minutes,
and the catalyst powder was removed using a 0.45 um filter. The absorbance of the TC solution was
measured at 357 nm using a UV-visible spectrophotometer.
The main schemes of active free radicals were determined by radical trapping experiments. According

to the evaluation of reaction activity, under neutral conditions, 100 pL isopropyl alcohol (IPA), 1 mmol
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EDTA-2Na and 1 mmol 4-OH-TEMPO were added to the reaction system as trapping agents for *OH,
h*and < O radicals, respectively.

3. Results and discussion

The XRD pattern was used to characterize the composition and crystal structure of the catalyst. The
crystal structure and phase purity of the sample were analyzed by powder X-ray diffraction detection,
and the results were shown in Fig. 1a. The prepared AgsPO4 samples showed excellent sharp diffraction
peaks, good crystallinity and purity. The characteristic peaks of the prepared pure Agi:POs samples
were matched with the standard cubic Ag;PO4 (PDF#84-0192). The characteristic diffraction peaks at
33.26° , 36.54° , 54.98° and 57.26° can be observed in the XRD pattern of Ag;POs samples,
corresponding to (210), (211) (320) and (321) crystal faces, respectively, which are consistent with the
standard cards of Agi;POas. This indicates that the crystal morphology of the prepared AgiPOs is
consistent with that of the standard cube AgzPOa.

The microstructure and structure of the prepared AgsPOs were characterized and analyzed using
scanning electron microscopy, with the results shown in Fig. 1(b,c). As shown in the figure, the
as-prepared Ag3POs photocatalyst was stacked in granular form, with a particle diameter of
approximately 200-300 nm and a pore diameter of approximately 10-15 nm. The specific surface area,
pore volume and pore size of Ag;PO4 were further determined by physical adsorption instrument, as
shown in Table 2.

Fig. 1d showed the degradation spectra of TC solution (30 mg/L) removed by AgsPO4 powder, and
the TC degradation rate can reach about 80% under simulated sunlight for 1h. Fig. le was the
first-order kinetic linear simulation curves, from which it can be seen that AgsPOs has a faster
photodegradation rate. The primary active species of AgiPOs in the photocatalytic process was

identified through radical trapping experiments (Fig. 1f), by using EDTA-2Na, IPA, and 4-OH-TEMPO
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Fig. 1. (a) XRD patterns and SEM images of (b,c) AgsPOs; (d) Photodegradation of TC (50 mL,30 mg/L) by
Ag3iPO4 photocatalysts under visible-light irradiation (A>>420 nm); (e) kinetic linear simulation curves; (f) Free

radical trapping experiments of Ag;PO, under different scavengers;

as scavengers for h*, + OH, and « Oz, respectively. After the addition of EDTA-2Na, the degradation
rate of the TC solution by Ags;PO4 decreased by about 78% compared to no scavengers was added,

indicating that h* was the main active species in the photocatalytic degradation process of AgsPOs.

(@), (b),..;

——PU —=— 0. 5mol HC1
Ag.PO/PU —e— lmol HC1
0.8 830y —A— 2mol HCl
—v— 5mol HCI
—~ 0.7 0.8
o]
G
~ 0.6
g
S 0.5 Q .64
£ o 06
2
2 0.4
<«
0.3
0.4+
0.2
0.1+
T T T T T T 0.2 T T T T T
200 300 400 500 600 700 800 -40 -20 0 20 40 60
‘Wavelength (nm)

Time (min)

Fig. 2. (a) UV—vis DRS spectra; (b) Degradation diagram of Ag;PO4loaded PU soaked with different HCI content.

The UV-vis DRS analysis was conducted to investigate the light absorption properties of the

prepared Agi;POs photocatalyst and PU-AgizPOs composite photocatalyst, and the results are shown in
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Fig. 2a. The absorption edge of PU is approximately at 300 nm, while the absorption edge of
Ag3PO4/PU is around 450-500 nm. As shown in the figure, the band gap of PU undergoed a significant
redshift upon the addition of AgsPOu. The loading of AgsPO4 onto the PU membrane not only enhanced
the light absorption of the photocatalytic material in the visible light range, but also prevented the
secondary pollution of AgsPOs powder in water. Fig. 2b showed the degradation performance of
PU-supported Ag;POs after soaking in HCI solutions of different concentrations. It was evident that
during the first 20 minutes of the photocatalytic degradation stage, the Ag;PO4/PU sample soaked in 1
mol/L HCI exhibited the best degradation rate (62.49%).

In order to highlight the photocatalytic performance and advantages of the Ag;PO4/PU composite
photocatalytic material prepared by us, relevant reports on the degradation of TC by AgsPOs based

photocatalyst in recent years were summarized (Table 3).

Table 2. BET parameters of AgzPO4

Materials Specific Surface Area (m?/g) Pore Volume (mL/L) Pore Diameter
(nm)
AgiPO4 0.5161 0.0017 13.1757
Table 3. Recent reports on AgsPO; based photocatalysts
Photocatalysts the degradation rate of TC (30 mg/L) by References
Ag3POas/degradation time
AgiPO4/Bi-MOF 50% / 50 min [20]
ZnO/GO/Ag3PO4 48% /75 min [21]
g-C3Na/Ti3Co/AgsPO4 62% / 120 min [22]
AgiPO4 90% / 120 min [23]
LaFeOs / AgsPO4 36% / 60 min [24]
AgsPO4/ PU 75% / 60 min This work

4. Conclusion

AgsPOs photocatalysts were successfully prepared by a deposition method. This material

demonstrates high photocatalytic activity for tetracycline (TC) degradation, but it suffers from the
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drawback of poor recoverability. By doping CaCOs into the PU membrane and soaking it in HCI,
Ag3PO4/PU composite membranes with varying loading amounts of Agi;POs were obtained, with the
AgiPO4/PU sample soaked in 1 mol/L HCI exhibiting the best catalytic activity. Additionally, we
confirmed that the main active species in the AgsPOs photocatalytic process is h*. The loading method
not only preserves the high photocatalytic activity of AgiPOs, but also overcomes its poor
recoverability in aqueous environments. This provides a new approach for using membrane materials to

support catalysts for the removal of pollutants from water.
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