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Abstract 
Degradation of organic pollutants in wastewater was investigated by photoca-
talysis method using anatase modification of titanium-dioxide (TiO2) catalyst 
with different structures. Laboratory experiments were carried out with in-
dustrial wastewaters consisting of different contents of organic pollutants. 
Two types of TiO2 catalyst: TiO2 having a size near to nanoparticles (about 3 - 
4 micron in size) and the nanostructured 15 nm sized TiO2 were used to find 
optimum conditions of photocatalytic degradation and removal of organic 
compounds from wastewater. This paper discusses the effect of various para-
meters on the degradation rate including the catalyst concentration, process 
duration as well as the catalytic effectiveness of the TiO2 particles’ size. In ad-
dition, the effect of UV and visible light sources on the degradation process 
was studied. The process performed with nanostructured TiO2 catalyst under 
visible light was very successfully allowing best degradation of organic com-
pounds. 
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1. Introduction 

The environmental impact of industrial operations causes serious concern 
worldwide. Toxic organic compounds contribute significantly to the environmental 
pollution in industrially developed regions. They are the most priority pollutants 
because of their toxic effect on the ecosystem components and high migration 
ability. Like other industrial regions, the Absheron Peninsula of Azerbaijan is 
characterized with acute environmental situation. The previous studies of 
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authors revealed high concentrations of toxic contaminants in soils, surface and 
ground waters in the Absheron territory, where about 70% of the country’s in-
dustrial potential is located [1] [2]. One of the problems associated with 
industrial activities is the huge amount of wastewater disposal to the environ-
ment. All the mentioned make important carrying-out researches to develop and 
apply advanced water treatment technologies capable of decontaminating ha-
zardous pollutants.  

A number of water treatment methods were used to remove chemical and mi-
crobial contaminants that pose threat to all the ecosystem components including 
human. However, low efficiency and formation of toxic by-products are main 
disadvantages of these processes. In the recent years, the effectiveness of water 
treatment processes has become more important due to the increase of envi-
ronmental pollution, population growth and water resources demand. Photoca-
talysis is one of the methods which are so called advanced oxidation processes 
(AOP). AOP degrade the organic pollutants into harmless inorganic substances 
under moderate conditions. Photocatalysis is a process in which the catalyst 
changes the speed of a chemical reaction by the action of light. This was discov-
ered in 1972 by Fujishima and Honda, who wanted to split water by the action of 
sunlight (photoelectrolysis), in analogy to photosynthesis process [3] [4] [5] [6].  

During photocatalysis, light energy is used to make photocatalyst active. After 
illumination by light with the appropriate wavelength, the photocatalyst induces 
the formation of strong oxidizing agents that decompose organic substances. 
Photocatalysis is an accelerator of the oxidation processes already active in na-
ture. The substances used in photocatalysis to change the rate of chemical reac-
tions, through the action of light, are semiconductors. Due to their electronic 
structure, which is characterized by a filled valence band (VB) and an empty 
conduction band (CB), semiconductors (metal oxides or sulfides) can act as sen-
sitizers for light-induced redox processes [7]. 

A heterogeneous photocatalytic system consists of semiconductor particles, 
which are in close contact with reaction medium. Exposing the catalyst to light 
excited states is generated, which is able to initiate subsequent processes like re-
dox reactions and molecular transformations.  

Among the various nanomaterials used for photocatalysis titanium dio-
xide—TiO2 is the most usual one for wastewater purification for its relatively low 
cost and high stability [8] [9]. TiO2 exists in three crystalline modifications: ru-
tile, anatase, and brookite. Compared to rutile and brookite, anatase shows the 
highest photoactivity.  

The photoactivity of TiO2 has been investigated extensively. TiO2 is a semi-
conductor with a band gap energy Eg = 3.2 eV. If this material is irradiated with 
photons of the energy > 3.2 eV (wavelength λ < 388 nm), the band gap is ex-
ceeded and an electron is promoted from the valence to the conduction band. 
Consequently, the primary process is the charge-carrier generation:  

TiO2 + 2hν → 2 e− + 2 h+ 
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H2O + 2h+→ 1/2O2+ 2H+ 

The event of the discovery of photocatalytic splitting of water on TiO2 elec-
trodes marked the beginning of a new era in heterogeneous photocatalysis. Al-
though TiO2 absorbs only approximately 5% of the solar light reaching the sur-
face of the earth, it is the best investigated semiconductor in the field of chemical 
conversion and storage of solar energy. In recent years, semiconductor photoca-
talysis with TiO2 has been applied to important problems of environmental in-
terest like degradation of organic compounds in wastewater. Nanoparticles of ti-
tanium dioxide were considered to be more efficient than bulk powder in pho-
tocatalytic field. 

The purpose of our investigation was to study photocatalytic degradation of 
organic compounds in wastewater using crystalline TiO2 with various sizes. 

2. Materials and Methods  

Two types of anatase modification of TiO2 catalyst were used during the studies: 
TiO2 having a size near to nanoparticles, i.e. about 3 - 4 microns in size pur-
chased from Russian CJSC “Vekton” (Figure 1) and the nanostructured 15 nm 
sized TiO2 obtained by hydrolysis of titanium tetraisopropoxide (TTIP) from 
Sigma Aldrich and subsequent precipitation (Figure 2).  

Studies conducted earlier by specialists showed that the optimum value of pH 
is 3 - 3.5 for the degradation of hydrocarbons and other organic matter by TiO2 
catalyst [10] [11]. We used 98% sulfuric acid from Sigma Aldrich to obtain pH = 
3 medium.  

The studies were carried out in laboratory conditions using industrial waters 
having different composition of organic contaminants. Initial laboratory tests  
 

 
Figure 1. Electronic structure of TiO2 catalyst with a size 3 - 4 microns. 
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Figure 2. Size distribution of the TiO2 nanoparticles determined by means of a Brookha-
ven plus 90 nanosizer. 
 
were conducted with oil industrial wastewater. The samples were collected from 
the territory of oil production enterprises in the vicinity of oil wells. Another 
part of experiments was addressed the study of the effect of nanostructured TiO2 
catalyst on the reduction of organic compounds in olive oil mill water. The sam-
ples were collected in an olive mill wastewater stream. 

The wastewater samples were diluted with respect to the original sample to 
operate with a more transparent polluted stream. To evaluate the degradation 
rate of organic compounds chemical oxygen demand (COD) was measured be-
fore and after each experiment. Analyses were carried out according to the 
known standard methods [12]. 

Based on the data derived from experiments, a removal efficiency—R of 
organic contaminants was calculated according to the following formula [5]:  

[ ] [ ]0

0

COD COD
COD

tR
−

=  

where, [COD]0 and [COD]t are the initial and at any irradiation time COD val-
ues. 

3. Results and Discussion 

The first series of experiments were carried out with oil industrial wastewater 
having an initial value of COD 8000 mg/l using TiO2 catalyst with a size near to 
nanoparticles.  

The experiments were carried out in a cylindrical vessel with the capacity of 
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about 500 ml located on the magnetic mixer to provide well-mixing of the cata-
lyst and wastewater. A visible lamp of 300 watt in power was used as light 
source. The lamp was positioned at a 15 cm distance above wastewater to initiate 
the photocatalysis process. The experimental volume of the wastewater was 300 
ml. 

Preliminary experiments were conducted to study the effect of catalyst con-
centration on the process at 120 minute duration. The results are shown in Ta-
ble 1.  

As it can be seen from Table 1, the value of COD was reduced from 8000 to 
5760 mg/l, by other words about 40% removal of organic matter was achieved 
using 0.5 g of TiO2 within 120 min. duration of photocatalysis.  

The experiments have shown that further increase of the catalyst concentra-
tion was not resulted in significant change of COD value. Therefore, the next 
stage of studies was conducted to find the influence of photocatalysis duration 
on the degradation of organic compounds using the wastewater sample obtained 
from the last experiment, i.e. having COD of 5760 mg/l and at constant concen-
tration of TiO2 catalyst (0.5 mg). The results are presented in Table 2.  

The data in Table 2 shows that the increase of the process duration influences 
COD reduction to some extent. The value of COD was reduced from 5760 to 
3200 within 360 minutes, i.e. 6 hours. Overall, no significant reduction was ob-
served in COD reduction of oil industrial wastewater during the experiments. 
This can be attributed to either very high concentration of organic compounds 
in wastewater or to the low degradability of some hydrocarbons by TiO2 having 
particles of 3 - 4 microns in size. The results revealed that only 60% - 65% re-
moval can be achieved with this type of TiO2 catalyst during 6 hours illumina-
tion. The calculated values of removal efficiency—R are illustrated in Figure 3. 
 
Table 1. Effect of TiO2 concentration on COD reduction in oil idustrial wastewater. 

Time, minute TiO2 concentration, g COD, mg/l 

0 0 8000 

120 0.002 7840 

120 0.005 7260 

120 0.1 6380 

120 0.5 5760 

 
Table 2. Effect of phocatalysis duration on COD reduction in oil idustrial wastewater. 

Time, minute TiO2 concentration, g COD, mg/l 

120 0.5 5760 

180 0.5 4530 

240 0.5 3800 

300 0.5 3600 

360 0.5 3200 

360 0.5 (under UV lamp) 3400 
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Figure 3. Time dependence of the removal efficiency of organic pollutants from oil in-
dustrial wastewater using TiO2 catalyst. 
 

Further experiments were carried out by a nanostructured titanium dioxide 
with a size of 15 nm. More performing configuration of the reactor was used in 
this case [11]. The reactor was a rectangular box with several partitions. The 
bottom of the box was covered by 20 g of glass spheres coated with nanopar-
ticles. The reactor was placed in a bath maintained at a constant temperature of 
20˚C. The system was provided with efficient air-gas contact to improve the de-
gradation of organic compounds (Figure 4).  

The glass spheres coated with TiO2 nanoparticles were put over a steel grid 
located at the bottom of the reactor and the air was fed at stable flow rate under 
the grid through a sprinkler consisting of a tube with a number of holes on the 
surface. 

Two types of light source including an UV light lamp and a 50 watt visible 
light lamp were used in the experiments. The lamps were positioned over the 
reactor 10 cm far from the wastewater layer.  

The obtained experimental data are reported in Table 3. Figure 5 illustrates 
the calculated values of the pollutants removal efficiency throughout the expe-
rimental runs with different light sources.  

The results show very high reduction of COD in the presence of visible light, 
especially within 60 to 120 minutes of illumination. The use of TiO2 nanopar-
ticles in photocatalytic process allows better adsorption of organic compounds 
on the catalyst surface facilitating their effective removal from wastewater.  

4. Conclusion 

The detoxification and removal of organic compounds in wastewater were in-
vestigated by photocatalysis method using two types of TiO2 catalyst. The labor-
atory experiments were mainly focused on the determination of the dependence 
of organic pollutants degradation on both the catalyst concentration and the 
process duration. The studies carried out with oil industry’s wastewater using 
TiO2 particles 3 - 4 microns in size demonstrated low degradation of organic 
compounds under 6 hours duration of photocatalytic process. The use of TiO2  
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Table 3. COD of olive mill wastewater for experiments performed by using UV lamp and 
visible light lamp. 

UV light Visible light 

Time (min.) COD (mg/l) Time (min.) COD (mg/l) 

0 1112 0 1112 

15 940 15 897 

30 725 30 658 

60 563 60 482 

90 530 90 133 

120 472 120 9 

 

 
Figure 4. Scheme of the reactor for organic pollutants removal from wastewater using 
TiO2 nanocatalyst. 
 

 
Figure 5. Removal efficiency of organic pollutants by photocatalysis using TiO2 nanopar-
ticles under irradiation of UV and visible light. 
 
nanoparticles proved to be very efficient for the treatment of organic polluted 
wastewater by photocatalysis method. The experiments have revealed that the 
efficiency of photocatalytic degradation of organic compounds is also enhanced 
through applying visible light illumination and good air contact system. The re-
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sults have shown that 99% removal of organic pollutants can be achieved with 
the use of TiO2 nanocatalyst within 120 min. Despite some expenditures asso-
ciated with illumination, photocatalytic removal of organic pollutants from 
wastewater has considerable ecological and economical advantages over the 
conventional methods in long-term application. 
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