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Abstract
This study used a three-dimensional (3D) printing process to develop a Ag/AgCl/TiO2 coupled
photocatalyst with a large speci�c surface area. We examined the catalytic ability of this photocatalyst in
methyl blue dye degradation and Escherichia coli sterilization as well as the reliability of its repeated use.
A TiO2 module was constructed of fuse �lament [through fused �lament fabrication (FFF)], and the
adopted 3D printing �lament was composed of anatase (TiO2) nanoparticles, stearic acid, wax, and a
plasticizer. The green compact of the TiO2 module was subjected to solvent debinding, thermal
debinding, and sintering to obtain a basic structure that was subsequently coupled with AgCl through a
precipitation reaction. Ultraviolet radiation was used for the photoreduction of the coupled product to
obtain a Ag/AgCl/TiO2 photocatalyst coupling module. This photocatalyst can effectively degrade
methylene blue (MB) dye and disinfect E. coli. The degradation of MB dye and sterilization of E. coli were
conducted under visible and ultraviolet light. The degradation of MB dye by Ag/AgCl/TiO2 was a �rst-
order reaction. In addition, this catalyst could retain its MB dye degradation rate (95%) for �ve cycles. E.
coli was sterilized using the prepared photocatalyst in a 120-min test, and this sterilization was a
hyperbolic reaction. The photocatalytic module manufactured in this study through FFF can degrade
pollutants in water has durability and retains reliability after repeated use.

1. Introduction
The textile dyeing and �nishing industry discharges a large quantity of industrial waste that contains
numerous chemically toxic pigments and dyes into bodies of water, which results in their pollution and
causes serious harm to humans and the natural environment [1]. Traditional industrial wastewater
treatment methods include coagulation and biological treatment; however, industrial wastewater treated
using these methods does not meet discharge standards. Traditional drinking water disinfection usually
involves chlorination procedures. Chlorination is the addition of chlorine or chlorine byproducts to
drinking water for disinfection. Although this method has a strong disinfection effect, chlorinated drinking
water frequently has a peculiar smell and may even contain some potentially toxic or mutagenic
products, such as trihalomethane and chloroform, which are often carcinogenic. Photocatalysis
technology enables the nontoxic, nonpolluting, and e�cient treatment of dyes in industrial wastewater
and the sterilization of drinking water [2]. For example, anatase (TiO2) nanoparticles can generate
electron–hole pairs after absorbing a certain wavelength of photon energy. Holes interact with water
molecules to form (OH ) free radicals with a strong oxidizing ability. Electrons and oxygen combine to
produce (O2

− ) free radicals. These free radicals can degrade dyes and disinfect bacteria. Anatase
nanoparticles are widely used photocatalysts with high photocatalytic e�ciency and photocatalytic
activity [3]. However, because the energy gap of anatase is approximately 3.2 eV, this photocatalyst is
only suitable for use with ultraviolet light with a wavelength of less than 380 nm and is rarely used with
sunlight. The ultraviolet light absorption band covers only 5% of the solar spectrum; thus, the applicability
of anatase nanoparticles as a catalyst is limited [4]. Consequently, some studies have developed new
photocatalyst materials for utilization under sunlight. For example, the AgX (X = Cl, Br) photocatalyst



Page 3/23

forms silver radicals after being irradiated. Because of the surface plasmon resonance effect of silver
clusters, the AgX photocatalyst exhibits excellent photocatalytic activity under visible light [5]. According
to Kakuta et al. [6], Ag (silver clusters)/AgCl, which can absorb visible light, has a stronger photocatalytic
effect than does nitrogen-doped TiO2. Ag/AgCl almost eliminates the proliferation ability of bacteria in a
short time and causes cell death. In addition, to achieve effective photocatalysis under visible light,
photocatalysts containing AgCl and metal or nonmetal oxides, such as Ag/AgCl/WO3 [7], Ag/AgCl/MCM-
41 [8], Ag/AgCl/TiO2 [9], Ag/AgI/Al2O3 [10], Ag/AgCl/ZnO [11], and AgCl/rGO [12], Ag/AgCl/SiO2/GO [13],
Ag/AgCl-NC[14] and Ag/AgCl@MIL-88A(Fe)[15] have been developed. Some studies have indicated that
the combination of TiO2 with Ag/AgCl can strengthen the catalytic effect of visible light and increase the
stability of degradation [16-20]. Yang et al. [9] synthesized the Ag/AgCl/TiO2 coupled photocatalyst by
using the sol–gel method and the hydrothermal method combined with the ion exchange method, and
degraded Rose Bengal under xenon lamp irradiation. the Ag/AgCl/TiO2 coupled photocatalyst is superior
to TiO2 and Ag/TiO2 because it has a lower recombination rate of electrons and holes.

Zhang et al. [16] synthesized the Ag/AgCl/TiO2 coupled photocatalyst by using a solvothermal method.
Under visible light irradiation, this photocatalyst exhibits high photocatalytic activity and can quickly
sterilize Escherichia coli. This phenomenon occurs because after Ag/AgCl is coupled with TiO2, the
recombination rate of electrons and holes decreases, and the minority carrier separation rate increases
during the photocatalytic reaction, as indicated by steady-state and transient photoluminescence spectra.
According to Shah et al. [18], when Ag/AgCl/TiO2 is used for the photocatalytic degradation of methyl
orange under visible light, CuO can be mixed into the methyl orange solution as an additional catalyst
(catalysis occurs through electron absorption). According to Guo et al. [7], Ag/AgCl/TiO2 coupled
photocatalysts prepared through the deposition–precipitation method and photoreduction method have
high photocatalytic activity and can effectively degrade 4-chlorophenol and hexavalent chromium ions
under visible light irradiation. The high photocatalytic activity of these photocatalysts is attributed to the
surface plasmon resonance effect of silver clusters. According to Guan et al. [21], when the Ag/AgCl/ZIF-
8/TiO2 photocatalyst coating cotton fabric is used, the photocatalytic degradation of methylene blue
(MB) solution can reach 98.5% in 105 min under visible light irradiation. The kinetic constant of this �rst-
order photocatalytic degradation is 0.0332 min−1. In addition, this photocatalyst can maintain a
degradation rate of approximately 85% after three degradation cycles. However, although a particle
suspension of a Ag/AgX (X = Cl, Br)/TiO2 coupled photocatalyst has high photocatalytic e�ciency, it has
several drawbacks. First, after the Ag/AgCl/TiO2 catalyst is used to degrade dyes, it must be subjected to
complicated �ltration and centrifugal separation before being reused, which limits its practical
applicability. Second, if Ag/AgCl/TiO2 particles cannot be recycled effectively, they �ow into water
sources and land, thereby causing secondary pollution.

Some ceramic three-dimensional (3D) printing technologies, such as fused �lament fabrication (FFF),
ceramic extrusion deposition, binder jet deposition, powder sintering deposition, paste extrusion
deposition, selective laser sintering, direct ceramic inkjet, and photopolymerization, have been developed
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to manufacture 3D ceramic structures. FFF can be used to create ceramic structures with a large speci�c
area. The manufacturing process of a ceramic fuse involves feeding a continuous �lament into a heated
nozzle and then melting, extruding, depositing, and printing this molten �lament on the printing tablet.
The continuous �lament used in ceramic FFF is a thermoplastic material that contains ceramic particles;
short �bers; or other ingredients, such as wax and stearic acid. After the 3D printing of a green embryo,
the embryo is moved into solvent or heating degreasing equipment to remove the thermoplastic and
organic components and then sintered to densify the printed workpiece to form a block structure. In the
present study, fused �laments were used to manufacture a 3D-printed module of Ag/AgCl/TiO2 with a
large speci�c surface area. This module was used for the degradation of the azo dye Orange II and the
sterilization of environmental E. coli. Moreover, the durability and reuse reliability of the Ag/AgCl/TiO2

coupled photocatalyst module were tested.

2. Experimental

2.1 Feedstock material for 3D printing
In FFF, a continuous �lament is used to print 3D objects, and a continuous �lament printing line is
manufactured using an extrusion molding machine. The �lament fabricated in this study comprised
anatase powder (50%) with 20-nm particles, high-density polyethylene (40%), wax (4.5%), stearic acid
(1.5%), and a plasticizer (4%).

These materials were stirred in a Banbury mixer (Well Shyang Machinery Co., LTD., SBI-3L, R.O.C.) at 50
rpm and 175°C for 30 min to ensure that all the ingredients were completely melted and mixed evenly.
The obtained mixture was then cut into pellets, fed into a single-screw extruder (Der-Hsin Plastic
Machinery, R.O.C) with a screw speed of 30 rpm, melted, and extruded to form linear �laments. The exit
temperature of the extrusion molding machine was 160°C, and the diameter of the exit of the extrusion
die was 1.75 mm. The diameter of the �lament after extrusion was 1.70-1.80 mm, and the ovality of the
�lament was 0.1 mm (an ovality of 0 represents a true circle).

2.2 Ceramic fused thread of 3D printing head, module
design, and manufacturing
The fabricated Ag/AgCl/TiO2 coupled photocatalyst module comprised a large speci�c surface area
Ag/AgCl/TiO2 coupled photocatalyst cylinder, a stirring shaft, and polylactic acid (PLA) upper and lower
pressing plates. The central circular hole of the PLA pressing plate contained internal threads that could
be connected to the external threads of the rotating shaft. The Ag/AgCl/TiO2 coupled photocatalyst
module is displayed in Fig. 1(a). The highly speci�c surface area Ag/AgCl/TiO2-coupled photocatalytic
cylinder was adapted for structural strength and �ow-�eld design. The assembly process of the
Ag/AgCl/TiO2 coupled photocatalyst module is described in the following text. First, the stirring rotating
shaft is passed through the highly speci�c surface area AgCl/TiO2-coupled photocatalytic cylinder, the
internal thread is screwed into the circular hole in the lower PLA plate, and then the upper PLA plate is
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placed in the stirring shaft on the upper surface of the highly speci�c surface area AgCl/TiO2-coupled
photocatalytic cylinder. Bolts are used to spin the upper surface of the photocatalyst cylinder for the
upper PLA plate to be combined tightly with the AgCl/TiO2-coupled photocatalytic cylinder. Finally, near-
ultraviolet light is irradiated to generate photoreduction to prepare a highly speci�c surface area
Ag/AgCl/TiO2-coupled photocatalytic module.

2.3 Three-dimensional printing of the TiO2 photocatalyst
cylinder
A self-made 3D printer created through FFF was used to print the TiO2 photocatalyst cylinder. Commercial
slicing software can be used to set printing parameters and generate G codes for printing devices by
adopting 3D computer-aided design models. In the present study, the print head speed was 10 mm/s, the
print bed temperature was 25°C, the print layer height was 0.14 mm, the nozzle temperature was 200°C,
the (x, y) expansion factor was 19.87%, the z expansion factor was 25.32%, the �lling was 30%, and the
temperature of printing tablet was 80°C. Fused deposition printing was conducted on a 304 stainless
steel printing substrate. With regard to the positioning system, the spatial resolution of the z-axis was
approximately 100 m, and that of the x-axis and y-axis was approximately 11 m. Because of the
brittleness of the 3D printing line, the entire fused deposition printing system had to be maintained at
50°C to increase its toughness. This green compact was solvent degreased in n-hexane at 60°C for 2 h to
dissolve and remove the wax and open the pores. At this time, high-density polyethylene was used to
maintain the shape of the green compact. Heat degreasing was then conducted for 1 h at 350 and 500°C
to remove any remaining organic matter. The degreased green compact was then sintered in a high
temperature furnace at 10−1 bar and 1200°C for 0.5 h to form dense TiO2 photocatalyst cylinders.

2.4 Manufacturing of coupled Ag/AgCl/TiO2

We used a heterogeneous precipitation reaction to prepare the Ag/AgCl/TiO2-coupled photocatalytic
structure (Figure 2). The preparation of the Ag/AgCl/ TiO2 coupled photocatalyst is described in the

following text. First, atmospheric-pressure plasma (5 kg/cm2 of air at 220 V) was used to hydrophilize the
surface of the sintered TiO2 photocatalyst cylinder, which was then immersed in a 2.5 M aqueous NaCl
solution. The NaCl solution was allowed to wet the hydrophilic surface of the TiO2 photocatalyst
completely, and the TiO2 photocatalyst was then immersed in a 0.5 M aqueous AgNO3 solution to cause
a heterogeneous precipitation reaction. The precipitated AgCl �lm was evenly coated on the surface of
the sintered TiO2 photocatalyst cylinder. After drying for 2 h at 80°C, and then washed with deionized
water several times to remove any residual chemicals from the surface of the cylinder. Next, to increase
the strength of the coupling bond between the AgCl �lm and TiO2, the AgCl/TiO2 photocatalyst cylinder
was placed in a high-temperature furnace at 430°C, heated at a heating rate of 5°C/min for 24 h, and then
cooled to room temperature. Subsequently, this cylinder was irradiated with 365-nm ultraviolet light for 5
min to photoreduce AgCl to Ag/AgCl. Finally, we prepared a photocatalyst cylinder coupled with
Ag/AgCl/TiO2 as shown in Figure 1(b). The X-ray diffractometer (BRUKER, D8A) which was operated at
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incident light with wavelength 1.54056 Å (CuKα) by copper target, scanning angle 2θ from 10° to 90°, a
scanning rate of 0.1° s−1, was used to compare and analyze the phases of crystalline phase of the
sintered-TiO2 and the Ag/AgCl/TiO2-coupled photocatalyst [Joint Committee on Powder Diffraction
Standards (JCPDS): 87e0597), AgCl (JCPDS: 85e1355), and anatase-phase TiO2 (JCPDS: 71e1166).

2.5 Degradation of Orange II by Ag/AgCl/TiO2 coupled
photocatalytic module
The photocatalytic performance of the ceramic module produced through FFF was studied by adopting
the Ag/AgCl/TiO2 coupled photocatalytic module in the degradation of MB dye. MB dye was dissolved in
deionized water to a concentration of 10 ppm. An ultraviolet light source (wavelength of 365 nm) and a
visible light source (wavelengths of 435, 545, and 612 nm) with an output power of 9 W were used as the
light sources for degradation. Fig. 3a and b depicts the UV and visible light spectrums, respectively. The
ultraviolet and visible light sources were used simultaneously because the Ag/AgCl/TiO2 coupled
photocatalyst could absorb ultraviolet and visible light and decompose water simultaneously to produce
a large quantity of highly active •OH and •O2

− for photocatalysis. Three blank tests were conducted to
determine the photocatalytic abilities of the Ag/AgCl/TiO2 coupled photocatalyst module and light
sources. The setup and testing of the sintered module produced through FFF are described in the
following text. A 500-mL glass beaker was used as a reactor and placed on a thermostat to maintain its
temperature at 25°C. In each experiment, the concentration of the MB dye solution was 10 ppm, and the
mixture was constantly stirred to increase the collision of dye molecules with the Ag/AgCl/TiO2 coupled
photocatalyst module. Dye degradation was investigated using three experiments. In the �rst experiment,
only the ability of H2O2 to degrade MB dye was studied. In the other two experiments, the Ag/AgCl/TiO2-
coupled photocatalyst was hung in the dye solution, and a water lever was placed just above the
photocatalysts. Both UV and visible light were placed near the glass beaker, as illustrated in Figure 4(a).
In all the experiments, after irradiation, samples were collected regularly to analyze the degradation rate
of the MB dye solution. The concentration of the degraded MB dye was measured in accordance with the
NIEA W223.50B standard method, in which a spectrophotometer is used to measure the absorbance of a
solution at different wavelengths to calculate its American Dye Manufacturers Association value.

2.6 Disinfection of E. coli by Ag/AgCl/TiO2 coupled
photocatalytic module
The ability of the sintered module produced through FFF to disinfect E. coli was similar to its ability to
degrade MB dye. E. coli cultures with a concentration of 0.6 to 0.8 M were prepared in liquid nutrient broth
(lysogen broth) at an optical density of 600 nm. Subsequently, a photocatalytic reaction was conducted
for a predetermined duration on the sintered module produced through FFF under ultraviolet light (9 W;
365 nm) and visible light (9 W; 435, 545, and 612 nm) irradiation. Fig. 4b depicts the experimental setup
for the photocatalytic disinfection of E. coli. The number of bacteria was determined through the
establishment of the colony forming number (colony forming unit) by 1) diluting the samples (known
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dilution ratio), 2) removing 100 µL of the diluted solution, and 3) smearing the samples on a nutrient agar
Petri dish for a 24-h incubation period (37°C). The bacteria colony then grew, and the number of bacteria
in the Petri dish was counted. Each set of the experiment was triple sampled within a predetermined
period, cultivated, and counted for accuracy. Blank tests were also conducted for accuracy.

3 Results And Discussion

3.1 Characteristics of the 3D printing spool
The microstructures of the sintered TiO2 and AgCl/TiO2 photocatalysts are depicted in Fig. 5a and b,
respectively. The average grain size of TiO2 after sintering was approximately 8 µm, and AgCl particles
with an average diameter of 20 nm were scattered on the surface of the �lament, and the presence of Ag
on the AgCl surface was identi�ed through energy dispersive spectroscopy (EDS) and a mapping analysis
[Figure 5 (c) and (d)]. Fig. 6 depicts the X-ray diffraction results obtained for the sintered TiO2 and
Ag/AgCl/TiO2 coupled photocatalysts. According to the JCPDS database, the diffraction angles (with
Miller indices in parentheses) of the sintered TiO2 were 25° (101), 38° (004), 48° (200), 54° (105), and 55°
(201). The diffraction angles of the Ag/AgCl crystals were 28° (111), 32° (200) and 46° (220). Moreover,
the reduced form of the Ag clusters exhibited a diffraction angle of 38° (111).

3.2 Degradation of Orange II
In the 120-min blank test without light irradiation (only the Ag/AgCl/TiO2 coupled photocatalyst module
was used), the degradation rate was less than 2%, which indicates that the Ag/AgCl/TiO2 photocatalyst
can only be activated under light irradiation. Fig. 7 displays the concentration–time relationships for three
types of photocatalysis: 10 ppm of MB + 10 mM hydrogen peroxide + the photocatalyst module (reaction
A), 10 ppm of MB + the photocatalyst module (reaction B), and 10 ppm of MB + 10 mM hydrogen
peroxide (reaction C). In this �gure, C represents the concentration of MB dye at time t, and C0 represents
the initial concentration of 10 mg/L. In this study, the reaction rate followed �rst-order (or quasi–�rst
order) kinetics [22]; thus, the equation ln (C/C0) = kapp × t, where kapp is the apparent rate constant, which
represents the degradation rate of MB dye, can be used to determine the catalytic performance. The kapp

values   of MB dye in reactions A, B, and C were 0.03754, 0.01149, and 0.004635 min−1, respectively.
Fig. 8b depicts the hyperbolic relationship for MB dye degradation (C/C0 = 1 − t/(a + bt) or t/[1 − (C/C0)] =

a + bt, where a and b are constants related to catalytic properties). The values of correlation coe�cient R2

(a, b) for reactions B and C were 0.9993 (6.777, 0.9423) and 0.9944 (40.28, 1.004), respectively. The R2

values of the reactions were greater than 0.99, which indicates that the tests performed were more likely
to accord with the hyperbolic kinetics relations than pseudo-�rst-order kinetics. When immersed into an
aqueous MB dye solution containing 10 mM hydrogen peroxide, the Ag/AgCl/TiO2 coupled photocatalyst
almost completely degraded MB dye within 100 min (99% degradation). Fig. 8 illustrates the mechanism
through which the Ag/AgCl/TiO2 coupling photocatalyst degraded the MB dye. The degradation was

related to the formation of strong oxidizing free radicals, such as O2
−, on account of the interactions of



Page 8/23

electrons (e−) with surface O2
− atoms. The electron holes (h+) of AgCl can react with OH− to generate OH−

radicals. •O2
− and •OH− are strong oxidants that can decompose MB dye (an organic compound) into CO2

and water. In addition, some electron holes may react with AgCl and produce Ag+ and ClO, where Ag+

accepts electrons from the conduction band and forms Ag atoms and Ag clusters, which prevents further
catalysis by AgCl. Cl0 is also a strong oxidant and can decompose MB dye to generate CO2, H2O, and Cl−.

Moreover, H2O2 can increase the formation of OH− free radicals and thus the degradation of MB dye. The
surface plasmon resonance reaction of the Ag cluster on AgCl may absorb visible light intensively, thus
leading to the increased production of Ag+ and e−, with some Ag+ and Cl− materials combining to reform
AgCl. Additional, most of the electrons can �ow from TiO2 to AgCl to Ag clusters, mainly because the
Fermi level of TiO2 (4.89 eV) is higher than that of AgCl (4.6 eV) and Ag clusters (4.28 eV). Therefore, Ag
clusters have too many electrons, while TiO2 has too many holes, so the recombination of electrons and
holes of Ag/TiO2 can be prevented, which is bene�cial to improve the performance of the photocatalyst.
This phenomenon results in a highly stable and repeatable condition under which the reuse of this
photocatalyst is feasible. Under UV and visible light conditions with �ve cycles of reuse, when the
Ag/AgCl/TiO2–coupled photocatalyst (cleaned with distilled water and air-dried before each use) was
used, the degradability remained at 94%, as illustrated in Figure 9. This module therefore has high
stability and durability.

3.3 Disinfection of E. coli
A photograph of the process of disinfecting E. coli by using the module produced through FFF is
displayed in Fig. 10. Fig. 11a presents hyperbolic relationship between time and the number of colonies
formed of different types of E. coli (C/C0 = 1 − t/(a + bt) or t/[1 − (C/C0)] = a + bt). The values   of a, b, and

R2 for the disinfection of E. coli were 2.255, 0.9868, and 0.9995, respectively. Almost all the E. coli was
eliminated in 120 min when the Ag/AgCl/TiO2 coupled photocatalyst was used. The disinfection
e�ciency is presented in terms of percentage in Fig. 12b. The mechanism of E. coli disinfection may be
related to the generation of silver atoms or free radicals when ultraviolet or visible light photons hit the
photocatalyst. When silver atoms come into contact with E. coli, some phosphoryl amino acids (such as
phosphoryl tyrosine) are dephosphorylated, which results in a change in or the stoppage of the original
function of the protein; thus, the growth rate of E. coli is reduced. The generated free radicals act as
strong oxidants and can damage the cell wall, thereby causing essential substances (such as protein,
glucose, and potassium ions) to leak from the cytoplasm into the external environment. Thus, these
radicals may severely reduce cell membrane potential, adenosine triphosphate levels, and cell membrane
permeability, which may lead to dysfunction or death. Silver nanoparticles may penetrate the cell
membrane and bind to the thiol groups of certain enzymes (such as dehydrogenase) in the cell, thereby
stopping the function of these enzymes and inactivating the basic metabolism of the cell. In a humid
environment, Ag+ and electrons may be released from Ag clusters and react with O2 in water to form O2−,

H2O, or •OH. These strong free radicals can effectively inhibit the metabolism of most cells. When Ag+

interacts with bacteria, it may combine with the sulfhydryl group (-SH) in the protein, thereby breaking the
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original disul�de bond (-S-S-) into a denatured state (-SAg). Ag+ eventually stops all reactions related to
cell respiration or electron transport, which results in cell death. After cell destruction, Ag+ is released,
which results in the death of additional cells. This process enables Ag/AgCl/TiO2 to disinfect bacteria
repeatedly and effectively. In the blank test (no light radiation), Ag/AgCl/TiO2 had no effect on the growth
of E. coli, which indicates that photons play a role in the activation reaction of Ag/AgCl/TiO2 [23-24].

4 Conclusions
We fabricated a large–surface area Ag/AgCl/TiO2 coupled photocatalytic module by 3D-printing a
ceramic module produced through FFF. The photocatalytic ability of the Ag/AgCl/TiO2 coupled
photocatalytic module to degrade MB dye and disinfect E. coli under ultraviolet and visible light
irradiation was also studied. This module is suitable for degrading MB dye and disinfecting E. coli within
a few minutes to a few hours, depending on the speci�c surface area of the module. After �ve cycles of
repeated use, the module’s ability to degrade dyes and bacteria remains high (95%). A module based on
Ag/AgCl/TiO2 produced through FFF has broad application prospects as a photocatalyst for degrading
pollutants because of its effectiveness, reliability, and structural durability.
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Figure 1

(a) Design of highly speci�c surface area Ag/AgCl/TiO2-coupled photocatalyst; (b) Green compact
structure of the sintered TiO2 after fused deposition printing and (c) the Ag/AgCl/TiO2 photocatalytic
module (the module produced through FFF)
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Figure 2

Precipitation method for preparing the Ag/AgCl/TiO2 coupled photocatalyst
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Figure 3

Light source spectrum of (a) UV light and (b) visible light 
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Figure 4

Setup for the (a) degradation of azo dye (Orange II) and (b) disinfection of E. coli
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Figure 5

Microstructure of (a) sintered-TiO2 and (b) Ag/AgCl/TiO2-coupled photocatalyst Ti, O, Cl, and Ag identi�ed
using (c) energy dispersive spectroscopy and (d) mapping analysis
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Figure 6

X-ray diffraction patterns of (a) TiO2 and (b) the Ag/AgCl/TiO2 photocatalyst
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Figure 7

Degradability of MB dye performed on different scales. (a) Concentration variation over time; (b)
concentration logarithm in relation to initial concentration over time; (c) degradation over time (residual
concentration to initial concentration).
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Figure 8

Mechanism of the photocatalytic reaction of Ag/AgCl/TiO2
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Figure 9

Degradation of MB upon �ve consecutive uses of the module produced through FFF
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Figure 10

E. coli colony samples on a Petri dish after 15, 45, 75, 105, and 135 min of catalytic disinfection
treatment
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Figure 11

Disinfection of E. coli: (a) variation in the E. coli concentration over time and (b) time-dependent
disinfection e�ciency in terms of percentage (residual concentration to initial concentration)


