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Abstract  

 

Industry development, Earth’s population growth, ever increasing need for greater pharmaceuticals 

production causes irreversible changes in the environment. Photocatalysis is a process that leads to 

complete decomposition of pharmaceuticals to non-hazardous degradation products under the 

influence of solar radiation in the presence of a photocatalyst. A photocatalyst, such as titanium 

dioxide (TiO2), is required for photocatalysis. The efficiency of using TiO2 is limited due to the high 

energy banned zone (3-3.2 eV) so only UV-A light, which makes up 5% of solar radiation, activates the 

photocatalyst. In order to overcome the problem of prohibited zones and to shift the light response 

threshold of TiO2 into the visible part of the spectrum, different methods can be used. One of the 

methods showing the potential is the use of multiwall carbon nanotubes (MWCNT). 

In this paper a TiO2 / MWCNT composites with various concentrations of MWCNT were prepared. 

The concentrations of MWCNT ranged from 1.5, 5, 10, 25, 50 and 100 wt. % MWCNT relative to the 

mass of TiO2. It was observed that the concentration of MWCNT affects the photocatalytic activity of 

the composite obtained. Photocatalytic activity was followed by a degradation of salicylic acid, in a 

pilot reactor followed by UV-ViS spectrometry, as a modal solution and an example of a 

pharmaceuticals present in the water. The prepared catalysts were characterized by scanning 

electron microscopy (SEM) equipped with an energy dispersive X-ray spectroscopy (EDX). 
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INTRODUCTION 

 

Environmental pollution and destruction are very serious problems [1]. Quality of water 

available for human use is increasingly deteriorated due to anthropogenic activities. Much of 

the pharmaceuticals used for treatment or as dietary supplements are not fully metabolized 

in the human body, and the vast majority of these endpoints end up in the environment. It 

has been found that pharmaceuticals are present in waste water after treatment also found 

in lakes and rivers, groundwater and drinking water. Except for wastewater, pharmaceuticals 

can enter the environment in a variety of ways, including disposal of unused medicines, 

waste disposal sites, veterinary use and fertilizer application and waste sludge from the 

wastewater treatment process in agriculture [2]. Conventional drinking water preparation 

techniques utilize physical-chemical processes to eliminate pathogens, reduce turbidity, and 

control taste and odor problems. These processes have a partial impact on reducing the 

contamination of micropollutant in ready to drink water, but incomplete, need to find new 

economically viable methods [3]. Two process of purification of micropollutants are used in 

the industrial process, which, due to their cost, requires finding new cheaper solutions. One 

of the solutions is an advanced oxidation process of photocatalysis where complete 

degradation of pollutions. Photocatalysts are used for this purpose and one of the most 

common is titanium (IV) oxide (TiO2) due to their low cost, chemical and thermal stability, 

low toxicity and relatively high catalytic activity [4-6]. UV radiation of TiO2 photocatalysts 

create hydroxyl radicals, •OH [7] which, as non-selective oxidants, with its oxidation 

potential almost completely degrade the organic matter into water and CO2 [8,9]. Because of 

that fact, TiO2 photocatalysis has recently found application to wastewater treatment [10]. 

Although TiO2 is most often used in suspended form, the catalyst immobilization is 

considered to be more useful for easier removal of TiO2 from the system and the ability to 

reuse the immobilized catalyst [11]. The efficiency of using TiO2 is limited due to the high 

energy banned zone (3-3.2 eV) which causes only UV-A lights, which makes up 5 % of solar 

radiation to activate the photocatalyst. In order to overcome the problem of banned zones 

and to shift the light response threshold of TiO2 into the visible part of the spectrum, 

different methods can be used. One way is to use chemical methods such as coupling with 

secondary semiconductors, photosensitizing and doping with transitional metals (Au, Pd, Pt, 

Rh) or non-metallic elements (N, S, I, F). Another way is to use physical methods such as 

introducing microwave or ultrasonic radiation into the photocatalysis process. The method 

of catalyzing the activity of the catalyst for which the scientists show an increasing interest is 

the use of carbon nanotubes, multiwall nanotube (MWCNT) and graphene. Significant 

efforts are directed towards obtaining TiO2 / carbon nanotubes and TiO2 / graphene 

composite materials. For the synthesis of the composite, the sol-gel process, the physical 

mixing technique and the nano-application can be used [12-14]. In this paper a TiO2 / 

MWCNT composites with various concentrations of MWCNT were prepared with sol-gel 

method. The photocatalytic properties and morphology of the immobilized layer of the 

photocatalyst will be determined. 
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MATERIALS AND METHODS 

 

Multiwall carbon nanotubes (MWCNT), Chengdu Organic Chemicals, P.R. China with outer 

diameter of 10 – 30 nm, TiO2, Aeroxide® P25, Evonik, Germany, tetraethoxysilane (TEOS),  

VWR Cemical, USA, acetic acid from VWR Chemicals, France, salicylic acid (SA), Kemika 

Croatia and ethanol, GramMol, Croatia used as received. As a carrier the glass mesh from 

Keltex, Croatia (CM 300/300, ρ = 610 g / m
2
) was purchased. 

TiO2  and MWCNT is applied to the glass mesh using sol-gel method, for the preparation of 

the immobilized layer. Glass meshes are cut into the rector's dimension and weighed. The 

suspension from which TiO2 and MWCNT is applied to the glass mesh is prepared by mixing 

TiO2 and MWCNT with distilled water and ethanol (water: ethanol = 1 : 1) on a magnetic 

stirrer. Six different solutions with different concentrations of MWCNT were produced. The 

concentrations of MWCNT ranged from 1.5, 5, 10, 25, 50 and 100 wt. % MWCNT relative to 

the mass of TiO2. The pH of the suspension was adjusted by adding acetic acid with stirring 

to pH 1.5-2. After achieving the desired pH, the suspension was mixed for a period of 15 

minutes, after which the homogenization was performed with ultrasound for 6 minutes 

(ultrasonic bath 120W, frequency 40 kHz). After homogenization, TEOS was added and 

further stirred over a period of 60 minutes at a temperature of 50 °C. Glass mesh is 

immersed in the prepared suspension and dried. Drying was carried out in a 70 °C drier for 

30 minutes. The immersion and drying procedure was repeated 4 times. Schematic 

illustration of preparing immobilized layer on glass mesh is show on Figure 1. The prepared 

glass meshes were left in air for 7 days, after which they were washed with distilled water, 

dried and weighed to determine the mass of the applied layer. Clean meshes and meshes 

with TiO2 / MWCNT obtained by the described procedure were recorded by scanning 

electron microscope (SEM, TESCAN VEGA 5136MM) operated at 20kV. The presence of TiO2 

and/or MWCNT on fiber glass mesh was determined by using energy dispersion 

spectroscopy (EDX) mapping analysis. For mapping analysis SEM microscope was operating 

at 20 kV while working distance was set at 20 mm. Mesh for SEM / EDX analysis were 

previously fixed to the carrier using double-sided self-adhesive carbon-guided stripes and a 

gold-platinum layer. The photocatalytic properties of the catalyst were investigated through 

the degradation of salicylic acid in the prepared 0.2 mmol / dm
3
 model solution. The UV-VIS 

spectrophotometer (Perkin Elmer LAMBDA 35, 200-700 nm with a recording speed of 480 

nm / min) was used to monitor the photocatalytic degradation reaction. Tests for 

photocatalytic properties were carried out in a batch pilot photoreactor of rectangular 

geometry (size 4.5 x 17.5 cm) with recirculation with peristaltic pumps with a flow rate of 48 

cm
3
 / min. The source of the simulated solar radiation (UV-B 2% / 13 W) is placed 7 cm 

above the surface of the reaction solution and is covered with a shadow / reflective surface 

of Al-sheet in order to evenly illuminate the reactor space.  

The immobilized photocatalyst meshes was placed at the bottom of the reactor and a model 

solution of SA 100 cm
3
 was added. At the beginning of the procedure, a sample of SA 2 cm

3
 

was taken, after which the reactor was left in the dark for 30 minutes and the sampling was 

repeated. At the end of the phase in the dark, the source of the simulated solar radiation 

was included, and the samples were taken periodically 15, 30, 60, 90 minutes. Also, tests of a 
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blank probe without a catalyst, that is, the influence of light radiation on the potential 

photolysis of salicylic acid, were conducted. 

 

 
Figure 1. Schematic illustration of immobilization TiO2 / MWCNT on glass mesh  

 

 

RESULTS AND DISCUSSION 

 

To demonstrate the immobilized of TiO2 and TiO2 / MWCNT composite on the surface of 

glass mesh samples were recorded with SEM (Figure 2) after photocatalysis. 

Comparing Figures 2a, 2b and 2c it can be concluded that TiO2 and TiO2 / MWCNT 

immobilization on glass mesh with sol-gel methods was successful. Furthermore, from 

Figures 2b and 2c it can be seen that particles are of similar size. The presence of TiO2 / 

MWCNT was determined by EDX analysis on the glass meshes after immobilization. Results 

of EDX analysis showed on Figure 3. On Figures 3b it can see results EDX analysis where 

showed presence TiO2 and carbon. Presence of carbon is results of immobilization MWCNT. 
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 (a) (b) 

 

    
(c) 

 

Figure 2. SEM images: (a) clean glass mesh, (b) glass mesh with TiO2,  

(c) glass mesh with TiO2 / MWCNT  
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 (a) (b) 
 

Figure 3. (a) SEM image for EDX analysis, (b) results EDX analysis 
 

The photocatalytic properties were carried out in a batch pilot photoreaction with 

recirculation were investigated through the degradation of salicylic acid (SA). On Figure 4 is 

show degradation of SA with TiO2 and TiO2 / MWCNT composites with various 

concentrations of MWCNT.  
 

 

Figure 4. Photocatalytic degradation of SA over TiO2 and TiO2 / MWCNT under visible  

light irradiation 
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Results are given as normalized SA concentration vs irradiation time. Negative time is the 

time spent in the dark for the decrease of the concentration resulting from adsorption to the 

photocatalyst as described in the chapter of materials and methods. 

Comparing the results of the photocatalytic degradation of salicylic acid it is concluded that 

it is the best result achieved when using the composite TiO2 / MWCNT with 5 wt. % MWCNT 

concentrations while the weakest degradation when using the composite with higher 

concentrations MWCNT. Comparing the results of the photocatalysis with the mass of the 

immobilized layer (Table 1), it can be seen that photocatalysis doesn’t depend on the mass 

of the immobilized layer but on the concentration of MWCNT. 

 

Table 1. Mass of immobilization layer 

Concentrations 

of wt.% 

MWCNT 

m (glass mesh 

clean)/ g 

m (glass mesh + 

TiO2/MWCNT)/g 
m 
(immobilization 

layer)/g  

0  5.7764 5.9781 0.2017 

1.5  6.4251 6.6492 0.2241 

5  4.5922 4.8158 0.2236 

10  5.9035 6.1226 0.2191 

25  7.5188 7.6999 0.1811 

50  5.7496 6.1090 0.3594 

100  5.4641 5.9050 0.4409 

        

 

CONCLUSIONS 

 

In this paper a new photocatalysts, glass meshes with the immobilized TiO2 and TiO2 / 

MWCNT with various concentrations of MWCNT, were prepared and subsequently 

compared. The concentrations of MWCNT ranged from 1.5, 5, 10, 25, 50 and 100 wt. % 

MWCNT relative to the mass of TiO2. After preparation, photocatalytic properties were 

investigated through the degradation of salicylic acid in pilot reactor. Comparing the results 

of the photocatalysis it was concluded that the best result is achieved using the composite 

TiO2 / MWCNT with 5 wt. % MWCNT. 

After photocatalysis, SEM and EDX analysis of prepared photocatalysts demonstrated the 

presence of TiO2 and MWCNT on glass meshes that confirm the stability of immobilized TiO2 

and TiO2 / MWCNT. 

 

 

REFERENCES 

 

[1] N. R. Khalid, A. Majid, M. Bilal Tahir, N.A. Niaz, S. Khalid, Carbonaceous-TiO2 

nanomaterials for photocatalytic degradation of pollutants: A review, Ceramics 

International, 43(2017)17, pp. 14552-14571. 



 

18
th

 INTERNATIONAL FOUNDRYMEN CONFERENCE 

Coexistence of material science and sustainable technology in 

economic growth 

Sisak, May 15
th

-17
th

, 2019 

http://www.simet.hr/~foundry/ 

 

254 

 

[2] P. M. Thomas, G. D. Foster, Tracking acidic pharmaceuticals, caffeine, and triclosan 

through the wastewater treatment process, Environmental Toxicology and Chemistry, 

24(2015)1, pp. 25-30. 

[3] J. Benner, D. E. Helbling, H. P. E. Kohler, J. Wittebol, E. Kaiser, C. Prasse, T. A. Ternes, C. 

N. Albers, J. Aamand, B. Horemans, D. Springael, E. Walravens, N. Boon, Is Biological 

Treatment a Viable Alternative for Micropollutant Removal in Drinking Water Treatment 

Processes?, Water Research, 13(2013)16,pp. 5955-5976. 

[4] J. Altmann, A. S. Ruhl, F. Zietzschmann, M. Jekel, Direct comparison of ozonation and 

adsorption onto powdered activated carbon for micropollutant removal in advanced 

wastewater treatment, Water Research, 55(2014), pp. 185-193. 

[5] B. Plavac, I. Grčić, I. Brnardić, V. Grozdanić, S. Papić, Kinetic study of salicylic acid 

photocatalytic degradation using sol–gel anatase thin film with enhanced long-term 

activity, Reaction Kinetics, Mechanisms and Catalysis, 120(2017)1,pp. 385-401. 

[6] H. D. Traid, M. L. Vera, A. E. Ares, M. I. Litter, Porous titanium dioxide coatings obtained 

by anodic oxidation for photocatalytic applications, Procedia Materials Science, 9(2015), 

pp. 619-626. 

[7] D. Mukherjee, S. Barghi, A. K. Ray, Preparation and characterization of the TiO2 

immobilized polymeric photocatalyst for degradation of aspirin under UV and solar light, 

Processes, 2(2014)1, pp. 12-23. 

[8] P. R. Gogate, A. B. Pandit, A review of imperative technologies for wastewater 

treatment I: oxidation technologies at ambient conditions, Advances in Environmental 

Research, 8(2004)3-4, pp. 501-551. 

[9] Y. Wang, Y. He, Q. Lai, M. Fan, Review of the progress in preparing nano TiO2: An 

important environmental engineering material, Journal of environmental sciences, 

26(2014)11, pp. 2139-2177. 

[10] G. Lusvardi, C. Barani, F. Giubertoni, G. Paganelli, Synthesis and characterization of TiO2 

nanoparticles for the reduction of water pollutants, Materials, 10(2017)1208. 

[11] S. Souzanchi, F. Vahabzadeh, S. Fazel, S. N. Hosseini, Performance of an annular sieve-

plate column photoreactor using immobilized TiO2 on stainless steel support for phenol 

degradation, Chemical Engineering Journal, 223(2013), pp. 268-276. 

[12] N. Abdullahi, E. Saion, A. H. Shaari, N. M. Al-Hada, A. Keiteb, Optimisation of the 

photonic efficiency of TiO2 decorated on MWCNTs for methylene blue 

photodegradation, PLoS ONE, 10(2015)5.  

[13] J. Hu, H. Li, S. Muhammad, Q. Wu, Y. Zhao, Q. Jiao, Surfactant -assisted hydrothermal 

synthesis of TiO2 / reduced graphene oxide nanocomposites and their photocatalytic 

performanes, Journal of Solid State Chemistry, 253(2017), pp. 113-120. 

[14] J. Li, S. Zhou, G. Hong, C. Chang, Hydrothermal preparation of P25–graphene composite 

with enhanced adsorption and photocatalytic degradation of dyes, Chemical 

Engineering Journal, 219(2013), pp. 486-491. 


