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Abstract: In this study, TiOy coatings were deposited on polyethylene terephthalate (PET)
track-etched membranes using vacuum-arc ion-plasma deposition (Arc-PVD) at deposition times
from 0.5 to 8 min to obtain multifunctional filtration materials. The influence of deposition pa-
rameters on membrane surface morphology, pore structure, roughness, crystallinity, mechanical
properties, wettability, and photocatalytic activity was systematically investigated. Surface
characterization by SEM and AFM revealed progressive pore constriction from 200 to 93 nm
with increasing deposition time, accompanied by particle growth and changes in surface topog-
raphy, reflected in increased roughness (1.7-4.1 nm) and waviness (4-25.2 nm). X-ray diffraction
confirmed the formation of nanocrystalline anatase at shorter deposition times, while prolonged
deposition (8 min) resulted in the appearance of a secondary brookite phase. Increasing the de-
position time reduced the lattice strain and dislocation density, thereby improving the coating
hardness and mechanical stability. Under UV irradiation, the TiOs coatings exhibited photo-
catalytic activity toward hydroquinone oxidation, achieving approximately 70-73% degradation
after 14 h. The apparent reaction rate constant reached 5 x 107° s~!, with maximum activ-
ity observed for the coating deposited for 120 s, which is comparable to the benchmark TiOs
photocatalyst Degussa P25. Compared with conventional magnetron sputtering approaches,
Arc-PVD provides a highly ionized plasma flux that enables deposition of dense nanostruc-
tured TiO2 coatings with enhanced adhesion on temperature-sensitive polymer substrates while
preserving pore connectivity. The ability to control pore geometry and impart photocatalytic
functionality demonstrates the potential of Arc-PVD-modified track-etched membranes for an-
tifouling, self-cleaning, and advanced water purification applications.

Keywords: lon-plasma spraying; Photocatalytic activity; Surface modification; Track-etched
membranes; Titanium dioxide; Vacuum-arc

1. Introduction

Recently, the functionalization of polymer membranes with nanostructured coatings has
attracted significant attention due to the growing demand for high-performance separation ma-
terials with enhanced chemical, mechanical, and functional properties (Le et al., 2024; Leong
et al., 2014). Among various coating materials, titanium dioxide (TiO2) stands out for its unique
combination of photocatalytic activity, chemical stability, and antibacterial effects (Leong et al.,
2014; Li et al., 2023; Matsudo et al., 2024). These properties make TiO2-modified membranes
highly attractive for water purification and advanced filtration technologies.
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Polymer track-etched membranes (TeMs), fabricated by ion irradiation and subsequent
chemical etching, represent a distinct class of separation materials characterized by a narrow
pore size distribution, well-defined cylindrical pores, and tunable porosity (Apel, 2019; Apel
et al., 2018; Vilenskii et al., 2013; Wen et al., 2016; Werber et al., 2016). Their unique struc-
ture offers excellent control over transport properties and selectivity, making TeMs valuable
in microfiltration, membrane distillation (Kravets et al., 2025; Shakayeva et al., 2024b, 2024a;
Yeszhanov et al., 2025), sensor technologies (Pinaeva et al., 2019, 2020; Shakayeva et al., 2023;
Zhumanazar et al., 2025), controlled release systems, water-oil separation (Muslimova et al.,
2024, 2025; Yeszhanov et al., 2023), and COs2 capturing and gas separation (Kamakshi et al.,
2017; Kumar et al., 2016, 2017; Omertassov et al., 2025; Shakayeva et al., 2025; Usman et al.,
2020).

In recent years, various methods have been explored for the deposition of TiOy coatings
on PET TeMs, aiming to impart photocatalytic, self-cleaning, and antifouling properties while
maintaining membrane selectivity and mechanical integrity. Among these methods, reactive
magnetron sputtering is the most widely studied and applied technique (Artoshina et al., 2015,
2016; Kravets et al., 2025; Rossouw et al., 2021). It allows the deposition of uniform TiOs
thin films with good adhesion to polymer substrates, controlled crystallinity, and tunable phase
composition (anatase, brookite, amorphous) depending on sputtering parameters such as plasma
gas composition, discharge current, substrate temperature, and deposition time.

Planar magnetron sputtering is effective in modifying PET TeMs by forming thin Ti/TiOq
composite layers, significantly improving membrane hydrophilicity and introducing photocat-
alytic activity (Rossouw et al., 2021). The use of inverted cylindrical magnetron sputtering
further enhances coating uniformity and process stability, which is critical for maintaining the
membrane’s pore structure (Artoshina et al., 2015). The introduction of metal interlayers (e.g.,
Ag, Cu) prior to TiOy deposition has also been explored to protect the polymer surface from
photocatalytic degradation and enhance antibacterial properties (Artoshina et al., 2015, 2016).

At the same time, there are no works related to vacuum-arc ion-plasma deposition of TiO»
on PET TeMs, although vacuum-arc ion-plasma deposition has emerged as a promising technique
due to the high degree of ionization of the vacuum-arc plasma (20-100%), wide working pressure
range (107°-1 Pa), and the flexibility of deposition parameters (discharge current, working
gas pressure, substrate bias voltage, etc.), which allow precise control over the structural and
physicomechanical properties of the resulting coatings (Kiithn-Kauffeldt et al., 2022; Stepanov
et al., 2007). In the present study, the vacuum-arc deposition system employed is additionally
equipped with a “PINK” gas plasma source combining a heated and hollow cathode, enabling
plasma-assisted deposition from a mixed gas-metal plasma.

However, relatively few studies have focused on the formation of thin inorganic films on
polymer surfaces deposited by Arc-PVD methods. Other PVD techniques, such as sputtering
(including magnetron), electron-beam, or laser-beam evaporation, typically produce atomic va-
por fluxes or low-ionization plasma, often resulting in poor adhesion of coatings to polymer
substrates. Polymer materials generally exhibit low surface energy and poor adhesion char-
acteristics. To achieve better coating adhesion, surface pre-activation of the polymer is often
recommended (Yéanez-Hernandez et al., 2025). Nevertheless, achieving uniform, adherent, and
mechanically robust TiOs coatings on polymer substrates remains a significant challenge.

Arc PVD offers several advantages for depositing dense and adherent TiOy coatings at rel-
atively low substrate temperatures, making it suitable for temperature-sensitive polymer mem-
branes. Despite these advantages, limited research has focused on the application of Arc PVD
for functionalizing polymer track-etched membranes with TiOy coatings. Most existing studies
have primarily addressed metallic or ceramic substrates, leaving a knowledge gap regarding the
behavior of TiOg coatings on TeMs and their impact on membrane performance.

This study addresses this gap by investigating the formation, structure, and functional
properties of TiO2 coatings deposited on polymer track-etched membranes using vacuum-arc
ion-plasma spraying. In contrast to conventional magnetron sputtering approaches, this study
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explores the use of Arc-PVD for functionalizing polymer membranes and provides a system-
atic analysis of how deposition parameters influence coating morphology, pore geometry, phase
composition, wettability, mechanical properties, and photocatalytic performance. The results
provide new insights into the structure—property relationships governing Arc PVD-modified
membranes and their potential use in advanced filtration and photocatalytic systems.

2. Methods and Materials
2.1 Materials

Sodium hydroxide, acetic acid, sodium sulfate, and analytical grade hydroquinone were
obtained from EKOS (Moscow, Russia). Deionized water (18.2 MQ-cm) was produced using an
Aqvilon D201 purification system (Aqvilon, Moscow, Russia).

2.2 TiO5 Deposition

Polymer films based on poly(ethylene terephthalate) (PET) with a thickness of 19 pm
were irradiated on a heavy-ion accelerator DC-60 using krypton ions with a fluence of 1.0 x
10® ions/cm?.

Following irradiation, the polymer films were chemically etched in a 2 M NaOH solution at
a temperature of 85+0.1 °C, followed by treatment in neutralization solutions (1.0% acetic acid
solution) and deionized water.
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Figure 1 Scheme of the preparation of PET TeMs (irradiation (a), UV-sencibilization (b),
Etching (c) and TiO2 deposition (d)

Sample preparation before TiO2 deposition included cleaning the surface with ethyl alcohol
and then rinsing it with deionized water. Then, the membrane was fixed to the surface of a
cylindrical fixture equipped with a cooling liquid to prevent polymer membrane overheating
using cyanoacrylate glue. To uniformly apply the coating to the membrane, the fixture rotated
around its axis at a given speed of Wy = 2 rpm. To apply thin TiO2 films, a “Bulat” NNV6.6-11
ion-plasma spraying unit equipped with an evaporator with a magnetic coil and a plasma flow
focusing coil was used (Borisov et al., 2007; Khlebnikov et al., 2016). A titanium target (99.77%
purity, 80 mm diameter) was used as a cathode. The distance between the substrate and the
target was 350 mm. The chamber in which the spraying process took place was evacuated to
a pressure of 107° Pa. The deposition of TiO, films took place in an atmosphere of argon and
oxygen in a ratio of 2:1 at a pressure of 1 Pa and a negative voltage on the substrate of —80 V
during different spraying times: 0.5, 1, 2, 4, and 8 min.
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2.3 Sample Characterization

The surface and side chipping studies before and after deposition, as well as the density cal-
culation, were performed in the Marker-12 software using micrographs of the films obtained on
a JEOL-7500F scanning electron microscope at a cathode voltage of 2.5 kV, under high vacuum
conditions. The size of the nanoparticles forming the coating morphology was determined by
measuring the lateral dimensions of the particles using scanning electron microscope software.
A sample of 100 nanoparticles was measured for each specimen to assess the particle size dis-
tribution. To minimize errors related to inaccuracies in lateral size measurements by scanning
electron microscopy (SEM), a sample of at least 70 pores was measured for each specimen. Mea-
surements were taken at five control points across the film width, with an interval of 0.5 mm
(three parallel measurements on both the front and reverse sides), and along a film length of at
least 1 cm for statistical reliability.

The topographic study of the surfaces of the obtained samples was conducted using an
atomic force microscope (AFM) STM SmartSPM, AIST-NT Ltd. Scan mode: AC mode
(non-contact mode); scan rate/scan frequency 0.4 Hz, resolution XY 700x700, scan size XY
10x10 pm, Z is automatic; cantilever tip radius is less than 10 nm.

X-ray phase analysis (XRD) was performed on a D8 ADVANCE ECO diffractometer
(Bruker, Germany). X-ray diffraction measurements were performed at an accelerating volt-
age of 20 kV and a beam current of 5 mA in the 26 range of 20-50°. Under these experimental
conditions, the effective penetration depth of X-ray radiation in titanium oxide does not ex-
ceed approximately 0.5 um. The experimental peaks were fitted using an appropriate number
of symmetric pseudo-Voigt functions to analyze the diffraction profiles. This approach allowed
determination of the full width at half maximum (FWHM), providing insight into the coatings’
crystalline quality and structural ordering. The lattice constants were calculated from the most
intense reflections of each identified phase using the Nelson—Taylor extrapolation method, and
the Scherrer formula was used to estimate the mean crystallite size.

The surface hydrophilicity of the samples was evaluated by measuring the contact angle (6)
using the sessile drop technique. A droplet of the test liquid with a volume of approximately 15 ul
was deposited onto the sample surface using a microsyringe. The contact angle was calculated
from the geometric parameters of the droplet under the assumption that 6 is less than 90° using

the following equation:
2h - r

tgd = o (1)

where 6 is the contact angle, r is the radius of the contact area of the droplet with the
surface, and h is the droplet height.

The microhardness of the samples, both before and after coating deposition, was evaluated
using a digital LM-700 microhardness tester (Leco Corporation, USA) equipped with a Vickers
diamond indenter. The Vickers microhardness (HV) values were obtained under a load of 100 N.

2.4 Photocatalytic Activity of the Samples

The photocatalytic performance of the samples was investigated under ultraviolet light
irradiation using a BUV-15 lamp emitting at a wavelength of 253 nm. The photocatalytic
activity was assessed by monitoring the oxidation kinetics of a model organic pollutant, p-
dihydroxybenzene (hydroquinone, HQ), employed as a probe compound. The working solution
for the photo-oxidation experiments was prepared by diluting 1.0 cm? of a stock HQ solution
(1 x 1072 M) with 1.5 cm?® of a 0.5 M sodium sulfate (NagSOy) solution, which served as a
supporting electrolyte, followed by the addition of distilled water to a final volume of 25.0 cm?
in a volumetric flask. The concentration of HQ in the working solution was 4.0 x 10~* M. The
prepared solution was poured into a quartz beaker, where TiOs-coated polymer PET TeMs
with dimensions of 10x10 mm were immersed as photocatalytic substrates and subsequently
irradiated with ultraviolet or visible light.



International Journal of Technology 17(4) 1532-1545 (2026) 1536

The residual HQ concentration was quantified by voltammetric measurements at specified
irradiation time intervals (1-2 h) using a PU-1 polarograph. A cylindrical glassy carbon electrode
with an effective surface area of 0.44 cm? was employed as the working electrode, while saturated
Ag/AgCl electrodes (EVL-1M3 type) were used as both reference and counter electrodes. The
potential scan rate was set to 0.030 V s~!. The analytical response corresponded to the oxidation
peak of the hydroquinone/quinone redox couple near 0.0 V recorded in differential mode. The
photocatalytic experiment was concluded when the HQ concentration either dropped to zero or
remained constant despite continuous irradiation.

3. Results and Discussion

3.1 Morphological Study by Scanning Electron Microscopy and Atomic Force Mi-
croscopy

SEM image (Figure 2) analysis revealed that a thin monolayer coating of spherical or
globular-shaped nanoparticles was formed on the surface of the TeMs at deposition times be-
tween 30 and 120 seconds. The openings visible in the SEM images (Figure 2) correspond
to the track-etched membrane’s through-pore channels. Their presence demonstrates that the
Arc-PVD TiO; coating conforms to the membrane surface without sealing the pores, thereby
preserving permeability and mass transport pathways. Slight narrowing of the pore openings
after deposition indicates coating growth along the pore walls rather than pore blockage.

Pore size measurements of both the initial membranes and the coated PET TeMs-TiOo
showed that the pore diameter remained at 200 nm for deposition times of 30 and 60 seconds,
corresponding to the original pore size of the uncoated membranes. However, at 120 seconds,
partial pore filling was observed, reducing the diameter to 150 nm. With further increases in
deposition time to 240 and 480 seconds, an increasingly non-uniform coating formed on the
membrane surface, with significant pore narrowing, and pore diameters decreased to 140 and
90 nm, respectively. This provides the ability to control the pore size during PET TeMs-TiO2
fabrication. Detailed analysis of the coatings formed at 240 and 480 seconds revealed that the
resulting layers were non-uniform and contained cracks and agglomerates.

The results of the particle size and pore analysis are presented in Table 1. According
to the presented data, the average nanoparticle size in the coatings obtained at deposition
times of 30 and 60 s remained nearly constant at 27+£2.5 nm. This behavior can be attributed
to rapid nucleation and surface saturation during the early stages of deposition, followed by
limited surface diffusion and densification of the coating rather than lateral particle growth. At
longer deposition times of 120 and 240 seconds, an increase in particle diameter was observed
— 32.5+2.5 nm and 47.5+£2.5 nm, respectively. In contrast, when the deposition duration
was increased to 480 s, the particle size was reduced. This behavior can be attributed to the
emergence of a secondary phase accompanied by modifications in the crystal lattice, as discussed
in detail in Section 3.3.

Atomic force microscopy (AFM) in semi-contact mode was employed to evaluate the uni-
formity and surface development of the coatings (Figure S1), and the measured roughness and
waviness parameters are summarized in Table 2. The results demonstrate that increasing coat-
ing thickness is accompanied by a systematic increase in both roughness and waviness, reflecting
the membrane surface’s progressive modification during TiOs deposition. This trend indicates
a transition from the initial nucleation of nanoparticles to their coalescence and vertical growth,
leading to the formation of protruding surface features and increased surface heterogeneity.

The coatings deposited for 4 and 8 min exhibit the largest grain height spread, indicating
that prolonged deposition promotes localized crystallization and particle agglomeration within
the coating layer. Such behavior is characteristic of ion-plasma deposition processes, where
uneven material accumulation is caused by the directional flux of energetic species, shadowing
effects near pore edges, and local growth instabilities. As a result, mesoscale surface undulations
develop, indicating non-uniform coating thickening and partial densification.
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e

2 min

Figure 2 SEM images of the surface of initial PET TeMs (a) and after Arc PVD of TiO2
during 0.5 min (b), 1 min (c), 2 min (d), 4 min (e), 8 min (f)

The evolution of surface topography has important functional implications. Moderate in-
creases in roughness can enhance the effective surface area and improve light scattering and
reactant accessibility, which may benefit photocatalytic reactions. However, excessive agglom-
eration and waviness can reduce coating uniformity and limit the availability of active surface
sites, potentially contributing to reduced photocatalytic efficiency at longer deposition times.

Table 1 Size of TiO2 nanoparticles, pores of the membranes, Vickers hardness of the coating
and contact angle depending on spraying time

Spraying time, min ~ Nanoparticle Pore diameter, Vickers CA,°
diameter, nm nm hardness of the
coating, MPa
Initial PET TeMs - 200 - 68.28+1.11
0.5 27.5 + 2.5 200 54.2 74.22+1.47
1 275+ 2.5 200 60.8 84.89+1.98
2 325 +25 150 61.6 86.28+1.35
4 475 £ 2.5 138 75.2 86.84+1.87
8 40 + 2.5 93 194.3 88.224+1.21

Table 2 Data from AFM of initial PET TeMs and PET TeMs-TiOy obtained at different time

Spraying time, min  Average roughness,  Average waviness, nm Average maximum
nm roughness height, nm

Initial PET TeMs 1.7 4.0 11.6

0.5 2.1 4.7 12.0

1 2.7 7.4 174

2 3.0 16.0 27.2
4 3.7 24.1 33.7
8 4.1 25.2 35.1
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Surface roughness affects the hydrophilic/hydrophobic properties of membranes (Rezaei et
al., 2018). According to theory, as surface roughness increases, so does the contact angle of
wetting. The influence of surface modification on wettability and the corresponding changes in
the hydrophilic/hydrophobic behavior of the membranes are discussed in detail in Section 3.4.

3.2 Cross-Sectional View of Composite Track-Etched Membranes

Figure S2 shows the lateral fractures of the coated track-etched membranes. The obtained
results show that a coating composed of spherical nanoparticles is formed on the surface of the
track-etched membranes and within their pores during deposition, with a penetration depth not
exceeding 1 pum. Increasing the deposition time results in a thicker nanoparticle layer and a
corresponding increase in the average nanoparticle size. This change in size may be attributed
to crystallization processes occurring during deposition.

Figure 3 shows the coating thickness as a function of deposition time. We determined the
coating thickness by analyzing cross-sectional fractures of the coated TeMs.
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Figure 3 Graph of change in coating thickness with increasing time

The change in coating thickness follows a logarithmic relationship: y = 44.0021n(x) 4 54.7.
Notably, for deposition times longer than 4 minutes, the increase in coating thickness becomes
minimal, which is associated with an increase in coating density. The formation of large droplet-
like particles was observed within the coating structure, which may significantly affect the coating
morphology and performance characteristics of the PET TeMs-TiO,.

3.3 Phase Analysis of the Coated Track-Etched Membranes

Figure S3 illustrates the changes in the X-ray diffraction patterns of the samples following
coating deposition. The diffraction profiles indicate that the coatings possess a nanoscale poly-
crystalline structure, which is reflected by the diffraction peaks’ low intensity and noticeable
broadening. X-ray diffraction (XRD) analysis was employed to identify the phase composition
of the coatings and to track the evolution of their crystallographic parameters as a function of
deposition time. The results reveal that, for deposition durations ranging from 0.5 to 4 minutes,
the deposited layer consists predominantly of polycrystalline anatase TiOs with a tetragonal
crystal structure (space group I4; /amd (141)).

The relatively low crystallinity of the TiOs coatings can be attributed to the low substrate
temperature required to prevent thermal damage to the polymer membrane, which limits crystal
growth. In addition, the short deposition time and small coating thickness result in the formation
of nanocrystalline domains with broadened diffraction peaks. The amorphous nature of the PET
substrate further restricts crystalline growth due to the absence of epitaxial ordering.
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Table 3 Calculated crystallographic characteristics

Spraying time, min Phase Crystal lattice Average Degree of
parameters, A crystallite size, crystallinity, %
nm
0.5 TiO9 - anatase a = 3.82865, 5.3 £0.3 13
c=9.13812
1 TiOs - anatase a = 3.81739, 5.8 + 0.3 21
c=9.12199
2 TiO5 - anatase a = 3.82712, 6.5+ 04 25
c=9.13451
4 TiO5 - anatase a = 3.82487, 7.1 £ 0.5 31
c=9.12914
8 TiOs - anatase a = 3.82712, 72+ 0.3 44
c=9.10229
TiOs9 - brookite a = 9.16860, 55+ 0.1 -
b = 5.45862,
¢ = 5.14707

Prolongation of the deposition process results in the emergence of an additional preferred
orientation corresponding to the (211) crystallographic plane, reflecting an increase in the thick-
ness of the deposited coating. When the deposition time is further extended to 8 minutes, a
secondary brookite TiOy phase with an orthorhombic crystal structure (space group Pbca (161))
is detected. This additional phase formation can be attributed to the increased coating thick-
ness and phase transformations occurring during film growth. Table 3 shows a summary of the
extracted crystallographic parameters.

It should be emphasized that longer deposition times, and thus greater coating thicknesses,
promote an increase in both the surface layer’s average crystallite size and overall crystallinity.
This improvement in crystallinity is associated with the formation of a more ordered crystal
lattice, a decrease in the number of structurally disordered regions, and densification of the
coating.

Variations in the calculated lattice parameters indicate lattice contraction accompanied by
material density changes. The density of the deposited layer was determined using Equation 2:

1.6602>° AZ
— T 2
‘fo ’ ( )

2

3
where Vj = ——a“c is the unit cell volume, Z is the number of atoms per unit cell, A is the

atomic weight of the atoms, and N4 is Avogadro’s number. Figure 4a shows the evolution of
the density of the deposited layer as a function of deposition time.

The observed crystal lattice contraction is accompanied by a decrease in the unit cell vol-
ume and a corresponding densification of the deposited layer. The increase in density reduces
disordered regions within the structure, confirming the enhanced degree of crystallinity. Figure
4b shows the dislocation density evolution as a function of deposition time. Dislocation densities
of the order of ~ 10" m~2 are characteristic of highly deformed crystal lattices. A decrease
in the dislocation density within the crystalline lattice improves the mechanical strength. The
increase in the average crystallite size and the reduction of disordered regions contribute to a de-
crease in the dislocation density, which subsequently reduces the lattice strain and macrostress.
Macrostress was evaluated based on the analysis of diffraction peak shifts, and the results are
presented in Table S1.
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Figure 4 (a) Evolution of the deposited layer density as a function of deposition time and (b)
dislocation density as a function of deposition time

An increase in the spraying duration results in higher crystallinity and density of the de-
posited layer, which in turn reduces macrostresses within the crystal lattice. The key mechanical
properties of the coatings are their hardness and mechanical strength. The Vickers hardness of
the deposited layers was calculated using Equation 3:

P
HV = 0.0018544 - (3)

where P is the applied load (N), and d is the length of the indentation’s long diagonal left by
the indenter (mm). The results are presented in Table 2. An increase in the crystallinity degree
and coating thickness leads to an increase in coating hardness and, consequently, to improved
mechanical strength.

The results demonstrate that higher crystallinity and greater coating thickness are associ-
ated with the enhanced mechanical strength of the deposited layer. These observations agree
well with the trends and analyses discussed in the preceding sections.

3.4 Water Contact Angle Study

To evaluate the effect of coating on the hydrophilic properties of track-etched membranes,
the contact angle and surface roughness were measured, and the mechanical properties were
determined. Table 2 summarizes the calculated contact angle values. The data indicate that
an increase in coating thickness is accompanied by an increase in the contact angle, which
corresponds to the enhanced hydrophobic behavior of the membrane surface.

At the same time, increasing the deposition time from 4 to 8 minutes results in only a slight
change in the contact angle. The change in the contact angle may be attributed to alterations in
the surface morphology and roughness of the track-etched membranes with and without coating.

3.5 Study of the Photocatalytic Properties of PET TeMs-TiO9

It is well known that titanium oxide phases exhibit photocatalytic activity under UV irra-
diation (Leong et al., 2014). To investigate the influence of coating thickness on the functional
properties of the obtained samples, we studied the photocatalytic activity of flat TiOs-coated
MTEM (anatase—brookite) samples toward an aqueous solution of HQ (hydroquinone) at pH 6.8
and 22°C. The experimental results are presented in Figure 5. The kinetic curves show that
the change in the substrate concentration in the solution follows first-order irreversible reaction
kinetics over the entire concentration range. Figure 5b presents the empirical dependence of the
substrate decomposition rate constant on the TiOs coating deposition time. As the number of
irradiation cycles increases, the reaction rate decreases. By comparing the relationship between
TiOs coating thickness and the photocatalytic oxidation rate of HQ as a function of deposition
time, the most effective concentration of the TiOy photocatalyst corresponds to the coating
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thicknesses obtained at deposition times of 30-120 s. Under UV irradiation, the TiO2 coatings
exhibited weak photocatalytic activity, which was only slightly dependent on the film thickness.

The photocatalytic oxidation data show that the maximum HQ oxidation rate is achieved
with the TiOs film deposited for 120 seconds. Under these conditions, the HQ oxidation rate is
comparable to that obtained using the reference TiOg material (Degussa). As the TiOy deposi-
tion time (and hence the film thickness) increases, the photocatalytic oxidation rate decreases.
To evaluate the stability of the samples as photocatalysts, two oxidation cycles were conducted
on the same TiO4 film surface. During the second cycle, the HQ oxidation rate decreased to
a level comparable to that of HQ oxidation without a catalyst. Overall, the photocatalytic
oxidation rate slightly decreases with increasing coating thickness (see Figure 5d).

The observed decrease in photocatalytic activity with increasing TiO9 deposition time (and
corresponding film thickness) can be explained by several interrelated factors. First, thicker
TiOs layers limit UV light penetration, reducing the effective photoactive volume and photon
utilization efficiency (Leong et al., 2014). Second, increasing film thickness promotes the re-
combination of photogenerated electron—hole pairs due to longer charge transport pathways,
which decreases the formation of reactive oxygen species responsible for pollutant degradation
(Fujishima et al., 2008). In addition, SEM and AFM analyses indicate particle growth, agglom-
eration, and coating densification at longer deposition times, reducing the accessible surface area
and number of active catalytic sites. Partial pore narrowing and filling further hinder the mass
transport of reactants toward the catalytic surface.
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Figure 5 Change in hydroquinone concentration under UV irradiation on PET TeMs-TiO9
(synthesis 2), first cycle (a), change in hydroquinone concentration under UV irradiation on
TiOq films (synthesis 2), second cycle (b), dependence of the HQ oxidation rate constant under
UV irradiation on TiO2 film thickness over two oxidation cycles (c) and effect of TiOy coating
thickness on the photocatalytic oxidation rate of HQ (d)

In addition to the observed improvements in surface properties and photocatalytic perfor-
mance, the combination of controlled pore geometry and photocatalytic TiOs coatings makes the
developed membranes promising for photocatalytic water purification and antifouling filtration
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systems. The ability to degrade organic contaminants under UV irradiation may also enable self-
cleaning functionality and extended membrane lifetime, thereby improving operational stability
and reducing maintenance requirements.

4. Conclusions

Thin TiOs coatings were successfully deposited on PET track-etched membranes using
Arc-PVD at deposition times ranging from 0.5 to 8 min. SEM and AFM analyses showed
progressive pore constriction from 200 to 93 nm with increasing deposition time, accompanied
by particle growth and changes in surface topography, reflected in increased roughness (1.7—
4.1 nm) and waviness (4-25.2 nm). The cross-sectional observations revealed a logarithmic
growth behavior of the coating thickness, indicating gradual densification of the layer during
deposition. XRD analysis confirmed the formation of polycrystalline anatase TiOy at shorter
deposition times, while a secondary brookite phase appeared at prolonged deposition (8 min).
Increasing the deposition time reduced the lattice strain and dislocation density, contributing
to improved mechanical properties and increased coating hardness. The contact angle increased
from 68° to 88°, indicating decreased surface wettability. Under UV irradiation, the TiOs
coatings exhibited nonlinearly dependent photocatalytic activity on film thickness, with the
highest hydroquinone oxidation rate observed at a deposition time of 120 s, comparable to the
benchmark Degussa TiOo. Overall, Arc-PVD modification enables controlled tuning of pore
geometry, surface properties, and photocatalytic performance, demonstrating its feasibility for
functionalizing polymer track-etched membranes.
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