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Abstract – The photocatalytic degredation has received a great deal of attention due to its new technology for environmental 

pollution. Among photocatalytic semiconductors, titanium dioxide is known as a photocatalyst for the removal of 

environmental contaminants. In this study, granular form of the TiO2 (1-5mm diameter) which provided its powder was used to 

observe the methylene blue (MB) degradation. The purpose of this study is to investigate the reusability of granular TiO2 

(fixed as 40 gr) as a catalyst in the removal of MB by photocatalytic oxidation process for various concentration of MB (10, 

20, 30, 40, 50 mg/L) and UV-irradiation time up to 60 min. Then, photocatalytic oxidation of MB using granular TiO2 was 

investigated under UV irradiation. The effects of MB concentration on the color removal efficiency of the aqueous solutions 

were investigated. During the photocatalytic oxidation, the change in dyestuff concentration was monitored with 

spectrophotometer and the reaction kinetics were determined by spectrophotometric analyses. The results showed that, 87% 

yield was obtained using 50 mg/L MB and 40g granular TiO2 for one hour degradation time. 
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I. INTRODUCTION 

The greatest chemical materials group produced in the 

world is textile and painting industries. During production 

and usage of them, many contaminations enter to the 

environment [1]. From an environmental point of view, as 

some synthetic dyes have toxic and carcinogenic properties, 

they are of great concern [2]. Dyestuffs are often non-

biodegradable compounds and can bring about adverse 

impacts on the living organisms being exposed to the 

contaminated water [3]. The risk of the presence of 

methylene blue in waste water causes harmful effects such 

as eye burns, nausea, vomiting and diarrhea [4]. Therefore, 

the treatment of effluent containing such dye is of interest 

due to its harmful impacts on receiving waters [5].  

Several treatment technologies have been developed for the 

decolorization and degradation of dyes in wastewater 

effluents. These technologies are classified according to the 

principle of remediation into physical methods, such as 

adsorption, reverse osmosis, ultrafiltration and ion exchange, 

chemical methods, such as chlorination and ozonation, and 

biological methods, such as aerobic and anaerobic treatments. 

Advanced oxidation processes (AOPs) such as Fenton, photo-

Fenton catalytic reactions, UV/H2O2 and UV/O3 have proved 

to be sufficiently effective alternatives for the treatment of 

wastewaters containing dyes. Among them, the 

heterogeneous photocatalytic oxidation has received a 

growing attention over the last years [6]. 

 

The photocatalyst uses semiconductor metal complexes, 

which form a strong oxidizing environment on the surface 

due to the effect of UV light. Titanium dioxide, gallium 

phosphorus, gallium arsenic, cadmium sulfide, strontium 

titanate, zinc oxide, iron oxide, and tungsten oxide are the 

main materials which used as photocatalyst [7]. In recent 

years, titanium dioxide (TiO2) has been studied intensively 

because of its outstanding photocatalytic activity. TiO2 is a 

semiconductor material which is able to break down the 

organic groups and show photoactive properties when 

irradiation by UV light and using 5 % of daylight 

wavelength. TiO2 contains main three crystal structures: 

anatase, rutile and brukit. Among them, anatase form of  TiO2 

shows the best photocatalytic property in many applications 

such as  self-cleaning surfaces, air and water purification 

systems, sterilization, hydrogen evolution, and 

photoelectrochemical conversion in  in the environmental and 

energy fields [8,9]. However, the development of unique 

photocatalytic materials and their various form as granular 

are essential to enhance photo degradation ability especially 

in dye removal systems. 

Because of these considerations, the aim of this study was 

to investigate the photocatalytic removal of methylene blue 

using granular TiO2 and to investigate and reusability of 

granular TiO2. 
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II. MATERIALS AND METHOD 

A. Materials 

TiO2 nanoparticles (Degussa P25 (Evonik), particle size 25 

nm, surface area 50 m2/g and 80/20 anatase/rutile) was used 

as photocatalyst. Methylene Blue (MB) (Merck) was used as 

a pollutant dye. 300W-OSRAM Ultra-vitalux UV lamp was 

used as a UV light source. Properties of MB dye was given in 

Table 1. 

Absorbance measurements were measured in Hach Lange 

DR6000 UV-Visible spectrophotometer. Mtops MS300HS 

magnetic stirrer was used to ensure homogeneous distribution 

of dyestuffs prepared at different concentrations. 

B. Method 

In the experimental study, 2 L of stock dye solution at a 

concentration of 50 mg/L was prepared for methylene blue. 

For photocatalytic degradation experiments, dye solutions to 

be used at different concentrations were prepared by diluting 

with ultra pure water. 40 g of granular TiO2 was fabricated 

with home made granulation experiment set up. The duration 

of experiments for different MB concentrations was 

determined as 1 hour with 15 min intervals. The dye 

concentration was determined by taking the absorption 

spectra using an Hach-Lange spectrophotometer, DR6000 

UV-VIS Model in the wavelength range of 200–800 nm. The 

highest absorbance at 665 nm was recorded for MB. 

III. RESULTS 

A. UV–VIS Test of Methylene Blue 

Experiments were performed with various concentrations 

of MB (10, 20, 30, 40, 50 mg/L) and 40 g of granular TiO2. 

Fig. 1 shows the absorbance spectrum versus wavelength for 

MB at a fixed concentration of 20 mg/L at different time 

intervals. According to absorbance spectrum of the samples, 

maximum absorbance of all samples occurs at 665 nm 

wavelength. 

 

 
Wavelength (nm) 

Fig. 1. Absorbance spectrum of methylene blue versus wavelength 

 

 

 

 

 Table 1. Chemical structure of MB. 

Name Chemical Structure 
λmax 

(nm) 

Methylene 

blue 

 

665 

 

B. Effect of Initial Dye Concentration 

 

The pollutant concentration is a very important parameter 

in wastewater treatment. The effects of initial dye 

concentrations on the photocatalytic decolorization have been 

investigated from 10 to 50 mg/L. The results are shown in 

Fig. 2 and 3. It was found that the increase in the dye 

concentration decreases the decolorization efficiency. 

Increasing the dye concentration from 10 to 50 mg/L 

decreases the decolorization efficiency from 100% to 87% in 

60 min in the presence of granular TiO2. 
 

C. Determination of Reaction Kinetics 

 

The calculated kinetic parameters of MB degradation are 

shown in Fig.4 and Table 2. All curves exhibited good linear 

correlation, and the values of correlation coefficient (R2) 

were close to 1. This result indicated that the photocatalytic 

degradation of MB with TiO2 catalysts followed pseudo first-

order kinetics. 10 mg/L exhibited the highest reaction rate 

constant and hence the highest photocatalytic activity. 

 
Fig. 2. The effect of initial dye concentration on photodegradation of 

MB by UV/TiO2 process. (Catalyst = 40 g/100 ml) 

 

 
Fig. 3. Effect of initial dye concentration on decolorization of MB in 

the presence of granular TiO2 (Catalyst = 40 g/100 ml) 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

2
00

2
32

2
64

2
96

3
28

3
60

3
92

4
24

4
56

4
88

5
20

5
52

5
84

6
16

6
48

6
80

7
12

7
44

7
76

A
b

so
rb

an
ce

 (
n

m
)

0 min

15 min

30 min

45 min

60 min

0

0.2

0.4

0.6

0.8

1

0 15 30 45 60

C
/C

0

Irradiation time (min.)

10 mg/L

20 mg/L

30 mg/L

40 mg/L

50 mg/L

0

20

40

60

80

100

0 15 30 45 60

d
ec

o
lo

ri
za

ti
o

n
 (

%
)

Irradiation time (min.)

10 mg/L

20 mg/L

30 mg/L

40 mg/L

50 mg/L

201



Atalı et al., Photocatalytic Degradation of Methylene Blue Using Granular TiO2, ISAS2019, Ankara, Turkey 

 
Fig. 4. The linear representation of the curves of ln(C) at 

different concentrations 

 
Table 2. Pseudo-first-order kinetic parameters of MB degradation. 

Sample k R2 

10 mg/L 0.128 0.902 

20 mg/L 0.077 0.959 

30 mg/L 0.058 0.973 

40 mg/L 0.041 0.966 

50 mg/L 0.032 0.913 

IV. DISCUSSION 

The results shown that the granular TiO2 possessed 

excellent durability, stability and reusability. Furthermore, 

the ease of separating granular TiO2 from aqueous solutions 

is one of the most important advantages after dye 

degradations. The amount of the dye adsorbed onto the 

catalytic surface increases with increasing dye concentration. 

Active sites may be covered with dyes at high dye 

concentration. This leads to a decreased generation of OH 

radicals on catalyst surface, hence reducing photocatalytic 

activity. On the contrary, photons easily reach to the surface 

of the catalyst at low dye concentrations and the formation of 

OH radicals will be easier. 

V. CONCLUSION 

From the results, it was observed that granular TiO2 is 

suitable the for the removal methylene blue dye by 

photocatalytic degradation method. The increased initial dye 

concentration causes an inhibitory effect on the 

photocatalytic degradation yield, and it leads to a decrease in 

the color removal efficiency. As a result of the experiments, a 

yield of 87% was obtained using 50 mg/L methylene blue 

and 40 g of granular TiO2 for one hour. As a results, the 

granular TiO2 is the well candidate in photocatalytic 

applications in environment area due to its reusability and 

high photocatalytic stability. 
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