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ABSTRACT

Photocatalytic coatings with self-cleaning properties are becoming increasingly more popular due to 
the increased awareness of the importance of cleaning and the associated high cost of cleaning supplies 
and services. This research investigated self-cleaning photocatalytic polydimethylsiloxane (PDMS)/
titanium dioxide (TiO2) nanocomposite coatings and focused on selecting the optimal TiO2 phase 
and concentration. To date, the comparison of the different TiO2 phases as a nanocomposite coating 
has not been sufficiently considered. PDMS/TiO2 nanocomposite coatings with three nanomaterial 
(NM) samples (an anatase, rutile, and mixed phase) and three concentrations of TiO2 (0.6, 1 and 3 
w/v%) were prepared, applied to glass slides by dip coating, and tested with respect to hydrophobicity, 
surface stability, antifogging, and photocatalytic properties. It was found that a stable hydrophobic 
coating with the optimal photocatalyitc performance was produced with 3 w/v% anatase TiO2.
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INTRODUCTION

Surface coatings are often used to improve or introduce desired properties onto substrates of 
components in many industries such as the food (Aresta et al., 2013; Singh et al., 2017), cosmetic 
(Dréno et al., 2019), automotive (Ali et al., 2016; Coelho et al., 2012; Shafique & Luo, 2019), 
medical (Nasimi & Haidari, 2013; Rai et al., 2019), environmental (Pathakoti et al., 2018), electronics 
(Magdassi et al., 2010), and marine (Silva-Bermudez & Rodil, 2013; Tong et al., 2022) industries. 
Lately, advanced photocatalytic and hydrophobic surface coatings are being developed due to the 
desirable self-cleaning and antifogging properties which can be beneficial in many applications such 
as solar cells, windows (Adachi et al., 2018; Lan et al., 2013; Syafiq et al., 2018; Zhao & Lu, 2021), 
and optical lenses and in the automotive industry (Chemin et al., 2018).
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The self-cleaning ability of coatings can be a result of hydrophobicity (Banerjee et al., 2015; 
Benedix et al., 2000). Hydrophobic surfaces have low wettability, and contact angles of water droplets 
are around 100° or greater. When relying on hydrophobicity, self-cleaning coatings provide the benefit 
of reducing cleaning costs and conserving time and water due to the lotus leaf effect they create 
(Benedix et al., 2000; Rios et al., 2009). Presently, water scarcity is detrimentally affecting billions 
of people, and as such, water conservation is quickly becoming an international priority, with it being 
currently the 11th Sustainable Development Goal set out by the United Nations.

Hydrophobic surfaces can also contribute to high-performance antifogging properties. Antifogging 
coatings improve the optical performance of products since the substrate is always left optically 
clear (Chemin et al., 2018). Since the property of antifogging is achieved by having a coating with a 
surface tension that prevents the formation of stagnant water and water bubbles on a surface, the two 
properties of self-cleaning and antifogging can be achieved together with superhydrophobic coatings 
(Garlisi & Palmisano, 2017). Common drawbacks of current antifogging coatings include their limited 
lifetime, increased surface tension over time which leads to higher surface contamination, and a low 
surface stability (Chemin et al., 2018).

Besides hydrophobicity, photocatalysis can also result in the self-cleaning of surfaces (Fujishima 
et al., 2008; Nakata & Fujishima, 2012; Parkin & Palgrave, 2005; Ragesh et al., 2014). When 
photocatalytic semiconductors such as titanium dioxide (TiO2), zinc oxide (ZnO), and nickel oxide 
(Moura & Picão, 2022) are irradiated with ultraviolet (UV) light, “electron-hole” pairs are formed and 
the holes cause oxidation whilst the electrons form the reduction system. From oxidation, hydroxyl 
radicals are created from oxidised hydroxide (OH-) and water molecules. From the reduction system, 
peroxyl groups are generated from the dioxygen (O2) found in the atmosphere (Bourikas et al., 2014; 
Jang et al., 2001; Lan et al., 2013). These hydroxyls and peroxyl groups, termed as reactive oxygen 
species (ROS), give rise to self-cleaning effects which degrade both organic and inorganic matter into 
safe compounds such as carbon dioxide and water (Bourikas et al., 2014; Jang et al., 2001; Lan et al., 
2013; Tavares et al., 2014). Materials such as TiO2 obtain photocatalytic effects in the nanometric range 
due to the high surface area to volume ratio (Strauss et al., 2014). These smaller sized nanomaterials 
(NMs) exhibit better photocatalytic effects (Moura & Picão, 2022; Wang et al., 2019) since the energy 
needed by the charge carriers is proportional to the NM size (Lan et al., 2013; Wang et al., 2019).

TiO2 has the ability of heterogeneous photocatalysis, whereby TiO2 in the solid state reacts with 
media which are in either the liquid or the gas state (Kumar et al., 2021; Yasmina et al., 2014) and 
therefore can have self-cleaning capabilities (Garlisi & Palmisano, 2017; Imran et al., 2015; Nam 
et al., 2019; Panutumrong et al., 2015; Syafiq et al., 2018; Yasmina et al., 2014). Jang et al. (2001) 
studied the photocatalytic properties of TiO2 nanoparticles using methylene blue dye and found that 
the photocatalytic ability was inversely proportional to NM size and directly proportional to anatase 
fraction of a mixed phase sample. Furthermore, TiO2 NMs provide benefits over other photocatalytic 
semiconductors including their low toxicity, high recyclability, and great chemical stability which 
makes them desirable for practical applications (Haider et al., 2019; Linden & Mohseni, 2014; 
Racovita, 2022; Shafaamri et al., 2020; Wang et al., 2019).

Research suggests that the phase composition of the TiO2 can have an influence on the photocatalytic 
behaviour of the final coating and thus should be taken into consideration (Jang et al., 2001; Lan et al., 
2013; Sakthivel et al., 2006). TiO2 has three phases – anatase, rutile, and brookite – each of which has 
specific behaviour and properties (Racovita, 2022). The anatase and rutile phases are more commonly used 
in research due to the pair being the cheapest, more abundantly found, and most effective photocatalysts 
(Linden & Mohseni, 2014; Shafaamri et al., 2020; Wang et al., 2019). Furthermore, most research accepts 
that the anatase phase has the best photocatalytic performance (Augustynski, 1993; Jain & Vaya, 2017; 
Jang et al., 2001; Lan et al., 2013; Tayade et al., 2007). However, some research has found that a mixed 
phase of both anatase and rutile can lead to higher photocatalytic performance (Farbod & Khademalrasool, 
2011). For example, while investigating the effect of particle size of synthesised TiO2 NMs, it was found 
that a mixed phase TiO2 NM with 71.5% of the phase being anatase and the rest rutile had the highest 
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photocatalytic performance (Farbod & Khademalrasool, 2011). However, limited research directly compares 
the photocatalytic behaviour of anatase and rutile TiO2 NMs as part of nanocomposite coatings. Most of 
the research available to date compares the phases of TiO2 NMs as powders and not as a coating for the 
purposes of photocatalytic nanocomposite coatings for optical performance.

TiO2 as a NM component for photocatalytic smart nanocomposite coatings has shown promising 
results which can lead to self-cleaning effects (Garlisi & Palmisano, 2017; Imran et al., 2015; Nam 
et al., 2019; Panutumrong et al., 2015; Syafiq et al., 2018; Tavares et al., 2014) and overall better 
antifogging performance with higher coating stabilities (Garlisi & Palmisano, 2017). A promising 
bonding agent that can be used in conjunction with TiO2 NMs is polydimethylsiloxane (PDMS). 
PDMS is a soft polymer. This makes it useful in processes such as coating, moulding, embossing, 
and stamping. In surface coatings, PDMS is a very effective bonding agent due to properties such as 
its chemical inertness and low interfacial free energy (Gale et al., 2016). This is a very useful since 
PDMS will not react with other chemicals or materials or shrink its area due to surface tensions (Coster, 
2003). PDMS also has a very good thermal stability and optical transparency and can be modified 
with relative ease (Gale et al., 2016). PDMS coated glass substrate has been found to possess the 
optical transparency above 90% in the visible region and low refractive index at 1.52. Furthermore, 
PDMS coatings possess high hydrophobicity and excellent self-cleaning properties after two-month 
outdoor exposure (Syafiq et al., 2019). PDMS coated glass substrate possesses good adhesion with 
maximum load 1200 mN, strong durability, and great anti-fog properties (Syafiq et al., 2019).

Syafiq et al. (2018) showed that when compared to uncoated glass, PDMS/TiO2 nanocomposite 
surface coatings with a 3.33 wt% TiO2 concentration on glass substrates provided self-cleaning 
effects as the coating removed any residue or dirt from its surface and showed superior antifogging 
properties due to the high surface energy of the surface coating. Wang et al. (2019) showed that a 
superhydrophobic PDMS/TiO2 nanocomposite coating also proved to have effective self-cleaning 
performance when carrying out the methylene blue test. Furthermore, Wang et al. (2019) showed 
that this coating had very good environmental stability against UV, heat, and rainfall and had good 
corrosion resistance. However, none of these studies explore the optimal TiO2 phase and loading 
concentration in nanocomposite coatings.

In this work, photocatalytic PDMS/TiO2 nanocomposite surface coatings on glass slides were 
developed with the aim of determining the best phase composition of TiO2 NMs and effective loading 
concentration to be used in PDMS/TiO2 nanocomposite coatings. The investigation focused on the 
selection of the most ideal TiO2 nanomaterials phase and concentration to obtain the optimal self-
cleaning properties along with sufficient optical clarity and coating homogeneity.

MATERIALS AND METHODS

Materials
Three TiO2 NMs each having different phases were obtained from the European Commission Joint 
Research Centre; the rutile phase (JRCNM62002a), the anatase phase (JRCNM10202a), and a mixed 
phase sample containing both anatase and rutile (JRCNM01005a). SYLGARD 182 PDMS prepolymer 
and a curing agent, obtained from Farnell Limited, were used to produce the PDMS binding agent. 
Methylene blue dye used for photocatalytic testing was purchased from LEVO laboratory Services Ltd. 
Ethanol with a purity of 99.9% (denatured with 10 ppm Bitrex) was used as a solvent and for cleaning 
along with acetone (Pure Grade) and distilled water. All solvents were supplied from Chemic Ltd.

Methods
Characterisation of Pristine Particles
Pristine NM powders were characterised by means of X-ray diffraction (XRD) and scanning electron 
microscopy (SEM). XRD was carried out using a Rigaku Ultima IV with a copper source with a 
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voltage of 40 kV and a current of 40 mA. The scan ranged between 10° and 90° with a scan speed 
of 1°/min. The crystalline phase data was extracted and compared to Data Base (DB) cards obtained 
from the PDXL 2 software.

Samples were imaged with a Carl Zeiss Merlin 42-16 Gemini II column field emission scanning 
electron microscope. An electron high tension voltage of 8 kV, a working distance of 5.6 mm, and 
a magnification range from 20k to 500k were implemented. Image J software was used to measure 
the size of individual NMs. Three-hundred NMs were measured for each sample to obtain the size 
distribution curves.

Coating Fabrication
The glass slides (26 ´  76 ´  1 mm) from MASTERGLASS were first cleaned with distilled water, 
followed by acetone and finally ethanol by ultrasonication for 10 minutes in each solvent. The glass 
slides were then dried with nitrogen gas.

Each TiO2 NM (rutile, anatase, and mixed sample) was first added to the PDMS curing agent 
and ultrasonicated for 30 minutes. The final PDMS solution was prepared by mixing 10 parts of the 
PDMS prepolymer with one part of the PDMS curing agent containing the dispersed TiO2 NMs. 
Three different final concentrations of 0.6, 1, and 3 w/v% TiO2 were used. This was left to degas in 
a vacuum chamber set at 0.2 bar for 45 minutes.

The glass samples were coated with the nanocomposite coating by dip coating using a ACEdip 2.0 
dip coater by SOLGELWAY. Initially, multiple combinations of dip coating parameters (immersion 
speed, withdrawal speed, and holding time), as listed in Table 1, were tried and tested to obtain the 
most consistent, defect free, and thin coating.

Coated samples were immediately cured in an oven at a temperature of 150 °C for 20 minutes. 
The curing involved hanging the glass slide vertically (i.e., having the same orientation as for dip 
coating). The resultant coatings were investigated for optical clarity, coating consistency, and coating 
uniformity, with each of these properties being given a qualitative ranking, as described in Table 2. The 
dip coating parameters were modified until all three qualitative properties reached the desired quality.

Table 1. Dip coating parameters tested

Test Immersion Speed (mm/s) Withdrawal Speed (mm/s) Holding Time (s)

1 0.5 0.5 60

2 0.4 0.4 60

3 0.4 0.4 100

4 0.4 0.2 100

5 0.3 0.2 100

6 0.2 0.2 100

7 0.2 0.1 100

Table 2. Qualitative ranking description for dip coating parameters tested

Rank Description

X A poor and unacceptable quality

O An improved quality

√ A desirable quality
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Following the ranking results, Table 3 shown in the results below, an immersion and withdrawal 
speed of 0.2 mm/s and 0.1 mm/s, respectively, and a holding time of 100s were chosen and used for 
dip coating of the slides for subsequent testing.

Control glass substrates coated with PDMS only were also produced in a similar manner. 
Furthermore, glass slides coated with TiO2 NMs (1 w/v%) dispersed in ethanol were prepared to 
determine the wettability of TiO2 NMs on their own.

Coating Analysis and Testing
Water contact angle (WCA) measurements were obtained using a DataPhysics OCA 15EC Instruments 
system and the SCA20 version 5.0.41 software. A dosing volume of 2 µL and dosing rate of 1 µL/s 
were used. Three repeated readings were obtained on three different slides. The resulting WCAs 
were then averaged. Measurements were repeated after samples were irradiated with UV light with a 
wavelength of 352 nm in an Opsytec Dr. Global UV-chamber Model 820 220 for 7 days. The intensity 
of UV exposure used was 4.4 times greater than that of sunlight to simulate an accelerated exposure.

Antifogging performance of the 0.6 w/v% samples was studied by leaving the samples in a freezer at 
a temperature of -25 °C for 2 hours. These were then taken out and exposed to a temperature of 18 °C and 
humidity of 76%. Samples were visually inspected after 15 minutes. UV-VIS spectroscopy was carried 
out using a Shimadzu SolidSpec-3700 DUV UV-VIS-NIR Spectrophotometer. As per ISO 10678-2010 
standard (British Standards, 2017), the samples were immersed in methylene blue dye (20 µmol/L) and 
placed in the Opsytec Dr. Global UV-chamber Model 820 220. Absorbance measurements were taken 
at 664 nm. The test was run for 3 hours with readings taken at 30-minute intervals. Three repeats of each 
sample were performed to reduce uncertainty in the results. Furthermore, following the 7-day UV exposure, 
the durability of the nanocomposite coating containing the 3% wt/v anatase TiO2 NMs was tested by 
measuring the photocatalytic performance observed by methylene blue decolourisation as described above.

RESULTS AND DISCUSSION

Characterisation of Pristine Particles
Phase Composition
The XRD results, shown in Figure 1, confirm the presence of the anatase, rutile, and anatase-rutile 
mixed phases in the TiO2 NM samples. The anatase phase was confirmed by the main peak representing 
the (101) plane at 2θ = 25.95°. For the rutile sample, the main peak was represented by the (110) 
plane at 2θ = 28.1°. The final sample which consisted of both the anatase, and rutile phases showed 
peaks representative of both phases, with the two major peaks representing the (101) plane and the 
(110) plane at 2θ values of 25.95° and 28.1°, respectively, being detected. The fact that no shifts in 
2θ values between the mixed sample and the single-phase sample were noted indicated that the mixed 
sample contained a physical mixture of phases and not a chemical mixture. Due to the relative peak 
intensities, the mixed sample seems to indicate that the majority of the phase composition was anatase.

Morphology
Electron microscopy revealed that the TiO2 NMs were all rod-like in shape as seen in Figures 2-4 (a 
and b). This is beneficial for this type of coating as rod-like TiO2 NMs have been reported to possess 
better optical properties than spheres (Liao & Liao, 2007). The average shortest and longest lengths 
of the TiO2 NMs were all found to be in the region of c. 15 ± 5.56 and 40 ± 9.68 nm, respectively, as 
seen in Figures 2-4 (c and d). Since all three samples had a similar size and shape, any differences in 
the photocatalytic performance observed for the different NMs can be attributed solely to the different 
phase composition. This is an important consideration as both the size and the shape of nanoparticles 
have significant effects on the optical, electronic, and catalytic properties of TiO2 NMs because of 
changes in surface area, number of active sites, and quantum size effect (Liao & Liao, 2007).
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Coating Fabrication
The qualitative ranking for coating uniformity, optical clarity, and coating consistency given for the 
various dip coating parameters tested is shown in Table 3. As the immersion speed and withdrawal 
speed were decreased and the holding time was increased, the quality of the coating was observed 
to improve.

The slow withdrawal speed allows the glass slide to be withdrawn from the dispersion without 
disrupting the dynamic and static meniscus of the dispersion, hence improving the optical clarity 
and consistency – at faster speeds, turbulence is formed at the dynamic meniscus, producing gelled 
areas and resulting in a striped appearance (Shafaamri et al., 2020). Furthermore, greater immersion 
speeds also detrimentally affect the optical clarity and consistency, due to surface tension disruptions 
which lead to micro cracks and inconsistencies in the coating, as seen in Figures 5a and 5b. It was 
observed that the holding speed mostly affected the uniformity of the wet coating before curing. 
From these tests, to obtain the best uniformity, it was found that a relatively slow withdrawal speed 
must be accompanied with a long holding time. It is assumed that the dispersion had enough time to 
settle on glass slides and limited the possibility of turbulence as it was withdrawn. Hadi Yousefi et 

Figure 1. XRD diffractograms of samples compared with DB cards of the anatase, rutile, and anatase-rutile mixed phase



International Journal of Surface Engineering and Interdisciplinary Materials Science
Volume 11 • Issue 1

7

al. (2017) also found that a longer holding time creates a more stable coating when investigating the 
dip coating effect on the performance of alumina-PDMS nanofiltration membranes for desalination.

The best combination to obtain the desired properties of optical clarity, coating consistency, and 
coating uniformity, which were assessed visually, were found to be an immersion and withdrawal 
speed of 0.2 mm/s and 0.1 mm/s, respectively, with a holding time of 100s (i.e., Test 7), as seen in 
Figure 5c. The withdrawal speed and holding time settings were the instrument’s limits.

Coating Analysis and Testing
Hydrophobicity
TiO2 NMs (1 w/v%) on their own were found to be hydrophilic, as seen in Figure 6, as they had a 
WCA of less than 90° in agreement with the studies of Garlisi and Palmisano (2017) and Syafiq et al. 
(2018). The anatase sample had the lowest WCA. Vrakatseli et al. (2020) compared the WCA achieved 
by nano-TiO2 film coatings with anatase and rutile phases. From their results it was also found that 
the anatase had the highest wettability. This could be due to the larger production of electron-hole 
pairs migrating to the surface of the TiO2 NMs resulting in surface oxygen vacancies which lead to 
higher wettability. The mixed phase sample had a WCA value (50.06° ± 6.06°) between that of the 
rutile (65.68° ± 1.16°) and that of the anatase (44.13° ± 3.56°) sample.

Figure 2. SEM micrographs at a) low and b) high magnification, along with size distribution graphs for the c) longest and d) 
shortest lengths of the rutile TiO2 NMs
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As shown in Figure 7, the PDMS coating alone had a WCA of around 110.78° ± 0.34°, indicating 
the hydrophobic nature of the surface due to the intrinsic high surface tension of the PDMS. This 
is also in agreement with the findings of Syafiq et al. (2019). Upon the addition of the otherwise 
hydrophilic TiO2 NMs, the PDMS/TiO2 coatings resulted in more hydrophobic surfaces with even 
higher WCA values, as seen in Figure 7. Although the TiO2 phase composition did not seem to affect 
the degree of hydrophobicity of the PDMS/TiO2 coatings to a significant degree, the mixed phase 
samples once again had average WCA values between those of the rutile and anatase samples for 
every TiO2 concentration tested.

An increase in hydrophobicity was recorded upon increasing the TiO2 concentration, as seen in 
Figure 7, with the samples loaded with 3 w/v% TiO2, showing a significant increase in hydrophobicity 
compared to the lower concentrations. This was as a result of the increasing surface tension due to 
the higher loading of NMs, in agreement with the work of Kovacs and Vincett (1985), who showed 
that an increase in embedded particles led to an increase in surface tension and hence an increase in 
hydrophobicity.

Figure 3. SEM micrographs at a) low and b) high magnification, along with size distribution graphs for the c) longest and d) 
shortest lengths of the anatase TiO2 NMs
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Antifogging
To date, the performance of antifog property is measured by the visibility of fog droplets and 
evaporation time only (Meng et al., 2022; Syafiq et al., 2020). There are still no specific parameters 

Figure 4. SEM micrographs at a) low and b) high magnification, along with size distribution graphs for the c) longest and d) 
shortest lengths of the anatase-rutile mixed phase TiO2 NMs

Table 3. Qualitative ranking given for coating uniformity, optical clarity, and coating consistency for dip coating parameters 
tested

Test Coating Uniformity Optical Clarity Coating Consistency

1 X O X

2 X O X

3 O O X

4 O O O

5 √ O O

6 √ √ O

7 √ √ √
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in measuring the visibility of foggy glass. All the PDMS coated samples showed good antifogging 
performance as the samples achieved optical clarity as evidenced by the lack of condensation on 
the surface within a short timeframe. Compared to the uncoated sample, which took longer than 15 
minutes to dry up, the PDMS and PDMS/TiO2 nanocomposite coated samples dried up in 2 minutes, 
as seen in Figure 8. The good antifogging performance is once again attributed to the high surface 
tension and hence hydrophobicity of the PDMS. Similar results to those shown in Figure 8 were 
reported with 3.33 wt% PDMS/TiO2 nanocomposite coatings (Syafiq et al., 2018). The difference in 
the TiO2 NMs phases did not influence the antifogging performance of the coatings.

Figure 5. a) and b) show resulting Defects in the PDMS/TiO2 nanocomposite coating whilst c) shows the desired quality coating 
(Test 7)

Figure 6. Average WCA measurement with error bars representing the standard deviation of TiO2 NM samples
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Figure 7. Average WCA measurements of PDMS/TiO2 nanocomposite coatings with increasing concentrations (0, 0.6, 1 & 3 w/v%)
Note. Error bars represent the standard deviation.

Figure 8. Antifogging testing showing a) PDMS/TiO2 (mixed sample 0.6 w/v%) nanocomposite coating and b) uncoated glass 
slide after 15 minutes
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Photocatalytic Performance
UV-VIS spectroscopy was carried out to determine the photocatalytic activity of the PDMS/TiO2 
nanocomposite surface coatings. On comparing different concentrations (0, 0.6, 1, and 3 w/v%) of mixed 
phased TiO2 NMs embedded in PDMS, it resulted that only the 3 w/v% showed enough photocatalytic 
performance to overcome the inhibition effect of the PDMS covering some of the TiO2 NMs, as seen 
in Figure 9. The lower concentration of 1 wt% PDMS/TiO2 nanocomposite coating reported to exhibit 
satisfactory photocatalytic activity by Tavares et al. (2014) can be attributed to the fact that the PDMS 
used in their research was diluted with hexane and was spray coated, hence achieving thinner coatings.

Figure 10 presents the absorbance of methylene blue dye over time for each sample (anatase, 
rutile, and mixed phase) at a concentration of 3 w/v%. These graphs are also shown in Figure 13 in the 
Appendix along with the best decay curve fit. The results show that the anatase phase exhibited the 
greatest photocatalytic effect with a reduction in absorbance measurement by 5% after 180 minutes, as 
opposed to the rutile phase for which there was no marked reduction in the absorbance measurement. 
It is believed that the less prominent photocatalytic effect of the rutile phase was inhibited by the 
PDMS binding agent while the superior electronic structure of anatase (Jang et al., 2001) generated 
better charge carrier movement, resulting in greater amounts of ROS (Lan et al., 2013) that thus helped 
overcome the inhibition of the PDMS binding agent. The mixed sample indicated similar results and 
trends to the anatase loaded sample, as seen in Figure 13. Such similarities are attributed to its physical 
mixed phase composition and higher anatase fraction as deduced from the XRD results, as seen in 
Figure 13. Similar results were recorded for unbound TiO2 NMs whereby the rate of decolourisation 
of methylene blue and hence the photocatalytic effect, were both less prominent with an increase in 
the rutile mass fraction (Jang et al., 2001).

Generally, it is thought that anatase is the phase with the better photocatalytic performance due 
to it having a Fermi level 0.1 eV greater than the rutile phase (Lan et al., 2013), the presence of an 
indirect bandgap in its electronic structure as opposed to the rutile phase which has a direct bandgap, 

Figure 9. Absorbance of methylene blue at 664 nm over time for each different concentration of mixed phased TiO2 NMs embedded 
in PDMS
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and the broader absorption gap that the anatase phase has in comparison to the rutile phase. However, 
while research directly comparing the phases based on the photocatalytic effects of unloaded TiO2 
NMs has been carried out (Farbod & Khademalrasool, 2011; Liao & Liao, 2007), research on the 
photocatalytic influence of the TiO2 NM phase within nanocomposite coatings is limited.

Surface Stability
The coatings’ durability was tested by subjecting the samples to accelerated UV exposure for seven 
days. After exposure, the WCA measurements of the samples, as shown in Figure 11, decreased by an 
average of 1° ± 0.95° when compared to their original WCA. This decrease in WCA is attributed to 
the chain scission that is experienced by the PDMS in the presence of UV. This involves both the main 
backbone and the side-groups (Efimenko et al., 2002). However, all samples retained a WCA higher 
than 90°, confirming that hydrophobicity was not compromised. This indicated that although there are 
very minimal signs of degradation, the coatings are still considered durable to withstand UV radiation. 
From the four samples tested, the anatase phase PDMS/TiO2 coating showed the least reduction in WCA.

The samples exposed to UV for seven days also had their photocatalytic performance reassessed. 
Only the anatase phase samples loaded with 3 w/v% TiO2 NMs were chosen for this test as previously 
these showed the greatest photocatalytic activity, as shown in Figure 10, and therefore were believed to 
be the most promising. From the results obtained, as seen in Figure 12, a similar trend to that exhibited 
before the 7-day accelerated UV exposure was observed, as shown in Figure 14 in the Appendix. 
Furthermore, a marginal improvement in the photocatalytic ability of the samples after accelerated 
UV exposure was noted as time progressed. This could be due to some of the outer layers of the 
PDMS matrix being broken down, further explaining the reduction in WCA, as seen in Figure 11. 
This could have led to exposing more of the TiO2 NM, leading to less inhibition of their photocatalytic 
effect by the PDMS. The radicals formed when UV is incident on PDMS can recombine, forming a 
network whose wetting properties are close to those of a pure PDMS (Efimenko et al., 2002). This 
helps shed light on the WCA similarities before and after UV exposure.

Figure 10. Absorbance of methylene blue at 664 nm over time for each PDMS/TiO2 coated sample
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Figure 12. Absorbance of methylene blue at 664 nm over time for the anatase phase 3 w/v% PDMS/TiO2 nanocomposite coatings

Figure 11. Average WCA measurements with error bars representing the standard deviation of each set of PDMS/TiO2 coated 
samples (0, 0.6, 1, & 3 w/v%) before and after the 7-day UV exposure
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CONCLUSION

In this work, PDMS/TiO2 self-cleaning coatings were developed, where a variation of both the TiO2 NMs 
phase and concentration were investigated to determine the most effective and efficient combination. 
From the results obtained, the anatase phase was found to exhibit the greatest photocatalytic effect out 
of the three samples (anatase, rutile, and mixed) tested. Furthermore, the PDMS/TiO2 anatase phase 
nanocomposite coating with a 3 w/v% TiO2 NM concentration showed promising photocatalytic effects 
and indicated self-cleaning ability as well as a good surface stability when exposed to accelerated ageing 
by UV irradiation, with the photocatalytic activity being further enhanced.
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APPENDIX

The appendix contains figures showing the decay curve trend lines for the photocatalytic activity 
results obtained from UV absorbance analysis of methylene blue.

Figure 13. Absorbance of methylene blue at 664 nm over time for each PDMS/TiO2 coated sample along with decolourisation 
decay curves trend lines

Figure 14. Absorbance of methylene blue at 664 nm over time for the anatase phased 3 w/v% PDMS/TiO2 nanocomposite coatings 
fitted with decay trend lines


