
                                                
 
 
 
 
 
 

 
 
 

Final Draft  
of the original manuscript 
 
 
 
 
Ovodok, E.; Maltanava, H.; Poznyak, S.; Ivanovskaya, M.; 
Shendyukov, V.; Spacek, V.; Scharnagl, N.; Maia, F.; Tedim, J.:  
Rhodamine-loaded TiO2 particles for detection of polymer 
coating UV degradation.  
In: Materials Today. Vol. 20 (2020) 3, 320 - 328. 
 
 
First published online by Elsevier: 06.02.2020 
 
https://dx.doi.org/10.1016/j.matpr.2019.10.069  

https://dx.doi.org/10.1016/j.matpr.2019.10.069


Rhodamine-loaded TiO2 particles for detection  

Evg a, 

aResearc

cHelmholtz-

eDepartment o

Abstract 

Epoxy based c
showed a unifo
was studied. E
incorporated in
to photocatalyt

Keywords: Epox

* Corresponding
E-mail addre
of polymer coating UV degradation 
eni Ovodoka*, Hanna Maltanavaa, Sergey Poznyaka, Maria Ivanovskaya
Vladislav Shendyukova, Vladimir Spacekb, Nico Scharnaglc,  
Frederico Maiad, João Tedime 

h Institute for Physical Chemical Problems, Belarusian State University, Leningradskaya str. 14, 220030 Minsk, Belarus 
bSynpo Research Institute, S. K. Neumanna 1316, 532 07, Pardubice, Czech Republic 

Zentrum Geesthacht, Centre for Materials and Coastal Research GmbH, Max-Planck-Straße 1, 21502 Geesthacht, Germany 
dSmallmatek, Small Materials and Technologies, Rua dos Canhas, 3810-075 Aveiro, Portugal 

f Materials and Ceramics Engineering, CICECO-Aveiro Institute of Materials, The University of Aveiro, Campus Universitário 
de Santiago, 3810-193 Aveiro, Portugal 

omposites filled with RhB-loaded TiO2 containers were prepared. SEM, EDX mapping, and Raman spectroscopy 
rm distribution of the TiO2 particles in the polymeric matrix. The sensitivity of the composites to UV irradiation 
fficiency of the composite decolorization was found to depend on the amount of RhB-loaded TiO2 containers 
to the coating. Accelerated decomposition of Rhodamine B in the composite under UV irradiation takes place due 
ic activity of the TiO2 particles. The prepared composites can be used as UV-sensor material. 
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1. Introduction

Polymer nanocomposites have attracted considerable interest due to synergistic properties of polymer matrix and
nanoscale materials [1]. The small size of nanoparticles (NPs), their high surface-to-volume ratio and strong 
interaction between the polymer and NPs are crucial factors which significantly improves the properties of 
polymeric coatings even at low NPs content [2]. Among diversity of polymer matrixes, epoxy resins have special 
place owing to their good performances such as electrical and corrosion resistance, excellent chemical, moisture and 
solvent resistance, good dimensional stability, good adhesion to many substrates, easy of cure and processing [3]. 
Moreover, the proper selection of resin, modifiers and cross-linking agent allows controlling the final properties of 
the cured epoxy resin whereby epoxy resins have found large-scale application in different field of science and 
industry [4]. However, epoxy resins are brittle materials due to crosslinked structure [2]. The fabrication of epoxy 
resin based composites by intercalation of different nanofillers can significantly improve performance characteristics 
of the cured epoxy coatings. Among different nanoparticles used as additives for epoxy resins, TiO2 is the most 
perspective owing to unique properties, relative low cost and wide-spread application. Different authors reported that 
presence of TiO2 nanoparticles in epoxy resins can improve mechanical [5], viscoelastic [6] and thermal properties 
[6], increase corrosion resistance [7] and provide excellent optical characteristics [8] of the epoxy based coatings. 

During the service of the epoxy resin and other polymer coatings, variation of environments such as sunlight, 
temperature, humidity, etc. can lead to deterioration of the coating properties [9]. In particular, UV radiation 
comprised approximately 8–9% of the total solar radiation is harmful to polymers, a phenomenon known as 
photodegradation, which affects the physico-chemical, optical and mechanical properties of polymers [10]. The 
detection of the external UV radiation dose affecting the polymeric materials is an actual task. The aim of the present 
work is the preparation of Rhodamine B (RhB)-loaded TiO2/epoxy composites and their study as UV-sensor 
material.  

2. Experimental

2.1. Synthesis of RhB-loaded TiO2 containers 

Mesoporous TiO2 powder was synthesized from TiC according to the method described in [11]. The as-prepared 
powder was annealed for 1 h at 200 °C and then used as a container for RhB. To adsorb RhB onto the TiO2 surface, 
1 g of the TiO2 powder was placed in a glass with 40 mL of 0.5 mM RhB solution. After agitation the obtained 
suspension was kept under vacuum (≈ 5×103 Pa) for 30 min. The evacuation was needed for removing air from 
mesopores in the TiO2 particles. The suspension was then shacked for 1 h in the dark to achieve equilibrium in the 
system. The RhB-loaded TiO2 containers were separated from the solution by centrifugation at 5000 rpm. 

2.2. Preparation of the epoxy based coatings 

CHS-EPOXY 200 V 55 epoxy emulsion and Telalit 180 amine hardener (SPOLCHEMIE) were used for 
preparation of the epoxy coatings with a recommended mixing ratio of epoxy emulsion to hardener as 4 to 1 by 
mass. RhB-loaded TiO2/epoxy composite coatings with 0.5, 1.0, and 2.0 wt.% of TiO2(RhB) and RhB/epoxy 
coatings with 0.025 wt.% of RhB were prepared by introducing an appropriate amount of RhB-loaded TiO2 
containers or RhB into the epoxy resin followed by mechanical dispersing and then addition of curing agent. The 
casting blade method (200-µm applicator) was used for coating preparation. The distribution of the TiO2 particles in 
the cured epoxy matrix was studied by SEM and EDX mapping (TESCAN Vega3 SB microscope combined with an 
energy dispersive spectrometer system from EumeX), and Raman spectroscopy (Bruker Senterra Raman 
microscope).  



2.3. Measurement of Rhodamine B photodegradation in the epoxy based coatings 

Mercury lamp (Narva UVK-125-2) with maximum intensity at 365 nm was used as the UV light source. The 
RhB-loaded TiO2/epoxy and RhB/epoxy coatings were irradiated by UV light for 60 min. The content of RhB in the 
coatings was analyzed every 5 min from the intensity of RhB characteristic peak at 553 nm. UV-Vis spectra of the 
coatings were recorded by a Shimadzu UV-2550 spectrophotometer.  

3. Results and discussion

3.1. Characterization of the RhB-loaded TiO2 containers  

Structural characterization of the TiO2 powder synthesized from TiC was presented in detail in [11]. The obtained 
titania annealed at 200 °C consists of anatase phase with a crystallite size of 3.9 nm, has mesoporous structure and a 
surface area of 353 m2 g-1. FTIR spectroscopy data showed the presence of a high amount of nitrate groups on the 
surface of as-synthesized and annealed at 200 °C TiO2 powder. The surface nitrate groups determine negative 
charge of the oxide surface and superior sorption capacity to the positively charged dyes. Adsorption isotherm of 
RhB onto the TiO2 powder is presented in Fig. 1. The sorption capacity of the powder annealed at 200 °C to RhB is 
about 35 mg/g. Intensive red coloration of the RhB-loaded powder gives an evidence of the superior dye adsorption 
on the titania surface (Fig. 2).  

Fig. 1. Adsorption isotherm of RhB onto the synthesized TiO2 powder annealed at 200 °C 



Fig. 2. Images of the TiO2 powder: (a) unmodified; (b) loaded with RhB 

It is well known that titanium dioxide possesses high activity in photodecomposition of the organic molecules 
under UV-irradiation. Upon absorption of photons with energy larger than the band gap of TiO2 (3.0 – 3.2 eV [12]), 
electrons are excited from the valence band to the conduction band, creating electron-hole pairs. These charge 
carriers migrate to the surface and react with the adsorbed chemicals, decomposing them. This photodecomposition 
process usually involves one or more radicals or intermediate species such as ·OH, O2-, H2O2, or O2, which play 
important role in the photocatalytic reaction mechanism [13].  

It was previously shown [11] that the mesoporous TiO2 powder synthesized from TiC is photocatalytically active 
in the photodegradation of Rhodamine B in aqueous solutions under UV irradiation. Based on the data of high 
sorption capacity and photocatalytic activity under UV irradiation, we assumed that such TiO2 containers loaded 
with RhB can be used as fillers of polymer coatings for determination of UV irradiation impact on the coating. 

3.2. Characterization of the epoxy based coatings 

The prepared epoxy films have a thickness of ~60 µm and non-porous structure (Fig. 3). UV–Vis spectroscopy 
demonstrates that the TiO2-free epoxy coatings are transparent at λ > 300 nm (Fig. 4a). Thus, the epoxy coatings are 
characterized by transparent window, which allows photons with energy from the region of intrinsic absorption of 
TiO2 to penetrate to the oxide particles and generate electron-hole pairs in TiO2.  



Fig. 3. SEM images of the TiO2-free epoxy coating: (a) cross-section; (b) top view 

Fig. 4. UV-Vis spectra of TiO2-free epoxy coating (a) and epoxy coating filled with 1 wt.% of RhB loaded-TiO2 containers (b) 

Filling the epoxy coating by RhB loaded-TiO2 containers results in a partial reduction of the transparency of the 
coating due to light scattering by oxide particles and RhB absorption peaked at 553 nm (Fig. 4b).  

The micron size of the TiO2 containers [11] allows dispersing them mechanically in the polymer matrix. The 
epoxy based coatings with 0.5, 1.0, and 2.0 wt.% of RhB loaded-TiO2 containers are characterized by an uniform 
distribution of the containers. Fig. 5 shows SEM image and corresponding EDX mapping of the epoxy based 
coating filled with 1 wt.% of the containers. Raman spectroscopy data confirm the uniform distribution of the titania 
particles in the polymeric matrix (Fig. 6). The most intensive Raman band of anatase phase at 154 cm -1 was used 
for identification of the TiO2 particles [14]. 



Fig. 5. SEM image (a) and corresponding EDX mapping for Ti element (b) of the epoxy based coating filled  
with 1 wt.% of RhB loaded-TiO2 containers 

Fig. 6. Optical image (a) and corresponding Raman spectra (b) of the epoxy based coating filled with 1 wt.% of RhB loaded-TiO2 containers 



3.3. Discoloration of the TiO2(RhB)/epoxy coatings under UV irradiation 

The prepared epoxy based composites filled with RhB loaded-TiO2 containers were found to be sensitive to UV 
radiation. Fig. 7 shows evolution of the RhB absorption peak for the composites as a result of their exposure to UV 
light for different periods of time. This evolution occurs due to dye degradation in contact with titania. Changing the 
RhB content in the TiO2-free composite after 60 min of UV irradiation was significantly weaker than in the case of 
the composites filled with RhB loaded-TiO2 containers, evidencing that TiO2 plays a key role in the RhB 
decomposition under UV illumination of the coatings. 

Fig. 7. UV-Vis spectra of the epoxy coatings filled with 0.025 wt.% of RhB (a) and  
0.5 (b), 1.0 (c), 2.0 (d) wt. % of RhB loaded-TiO2 containers after exposure to UV light for different periods of time 



The kinetics of RhB photodecomposition on the oxide surface can be described by the second-order equation: 1 𝑘𝑡, (1) 

where k is the rate constant (min-1), C0 the initial concentration of the dye, and C the actual concentration of the dye 
at irradiation time t. Fig. 8b presents the linear relationship between C0/C and irradiation time. The rate constant k is 
determined from the slope of the linear C0/C vs t plots. The value of k gives an indication of the efficiency of 
discoloration of the coating under UV irradiation. The rate constant for the composite filled with 1.0 wt.% of RhB 
loaded-TiO2 containers is 0.1499 min-1. Increase or decrease of the amount of the additive leads to lowering the 
efficiency of coating discoloration. Rate constant for the composite filled with 0.0025 wt. % of RhB without TiO2 
has a very low value (0.0048 min-1). 

Fig. 8. Variation of the relative RhB content in TiO2(RhB)/epoxy coatings as a function of irradiation time (a) and  
fitting of the experimental data using second-order kinetic model (b) 

Fig. 9 shows images of the as-prepared epoxy based coatings filled with RhB loaded-TiO2 containers and UV 
irradiated during 60 min. Thus, UV irradiation of the coatings can be detected not only by special equipment (for 
example, densitometer), but also visually. Variation of the introduced amount of the additive allows getting 
materials, which will possess sensor response to different intensity of UV radiation affecting the coating.  

Fig. 9. Images of the as-prepared epoxy based coating filled with RhB loaded-TiO2 containers (a)  
and UV irradiated during 60 min (b) 



4. Conclusion

RhB-loaded TiO2/epoxy composite coatings with a uniform distribution of the titania particles have been
prepared. It has been shown that these composites effectively decolorize under UV illumination. Efficiency of the 
decolorization depends of the amount of RhB-loaded TiO2 additive introduced into the coating. The epoxy coating 
with 1 wt.% of RhB loaded-TiO2 containers is characterized by the highest rate of decolorization. Decomposition of 
Rhodamine B in the epoxy coatings under UV irradiation has been found to occur mainly due to photocatalytic 
activity of the TiO2 powder. The prepared composites can be used as UV-sensor materials. 

Acknowledgements 

We acknowledge funding from SMARCOAT project. This project has received funding from the European 
Union’s Horizon 2020 research and innovation programme under the Marie Skłodowska-Curie grant agreement No 
645662. 

References 

[1] G. Schmidt, M. M. Malwitz, Curr. Opin. Colloid Interface Sci. 8 (2003) 103–108. 
[2] T. Radoman, J. Džunuzović, K. Jeremić, B. Grgur, D. Miličević, I. Popović, E. Džunuzović, Mater. Des. 62 (2014) 158–167.
[3] F.-L. Jin, X. Li, S.-J. Park, J. Ind. Eng. Chem. 29 (2015) 1–11. 
[4] S. Allin, J. Chem. Educ. 79 (2002) 942.
[5] C.B. Ng, L.S. Scbadler, R.W. Siegel, Nanostruct. Mater. 12 (1999) 507−510.
[6] A. Chatterjee, M.S. Islam, Mater. Sci. Eng. A. 487 (2008) 574−585. 
[7] X. Zhang, F. Wang, Y. Du, Surf. Coat. Technol. 201 (2007) 7241−7245.
[8] W. Huang, Y. Zhang, Y. Yu, Y. Yuan,. J. Appl. Polym. Sci. 104 (2007) 3954−3959.
[9] Y. Emad, R. Haddad, SpringerPlus 2. (2013) 398.
[10] S.Nikafshar, O. Zabihi, M. Ahmadi, A. Mirmohseni, M. Taseidifar, M. Naebe, Materials. 10 (2017) 1−18.
[11] E. Ovodok, H. Maltanava, S. Poznyak, M. Ivanovskaya, A. Kudlash, N. Scharnagl, J. Tedim, Mater. Today: Proceedings. 4 (11) (2017)

11526−11533. 
[12] A. Kubacka, M. Fernandez-Garcia, G. Golon, Chem. Rev. 112 (2011) 1555−1614.
[13] X. Chen, S. S. Mao, Chem. Rev. 107 (2007) 2891−2959. 
[14] O. Toshiaki, F. Izumi, Y. Fujiki, J. Raman spectrosc. 7 (1978) 321−324.


