
© by PSP  Volume 26  No. 5/2017 pages 3529-3541   Fresenius Environmental Bulletin 

 

 

3529 

 
TiO2, WO3, AND V2O5, SUPPORTED ON ACTIVATED 

CARBON: PREPARATION, STRUCTURAL AND CATALYTIC 
BEHAVIOUR IN PHOTOCATALYTIC TREATMENT OF 

PHENOL AND LIGNIN FROM OLIVE MILL WASTEWATER 
 

Ali Imran Vaizogullar1, Mehmet Ugurlu1,*, Aylin Ayyildiz2, Selman Ilteris Yilmaz2, Abdul J Chaudhary3 

 
1Vocational School of Healthcare, Med Lab Program, Mugla Sitki Kocman University 48000 Mugla, Turkey  

2Department of Chemistry, Faculty of Science, Mugla Sitki Kocman University, 48000 Mugla, Turkey  
3Institute for the Environment, Brunel University, London, UB8 3PH, UK 

 
 
ABSTRACT 
 

The photocatalytic degradation of olive mill 
wastewater (OMW) of TiO2/V2O5/AC and TiO2/ 
WO3/AC (activated carbon) catalysts, prepared by a 
sol gel method in aqueous solution was investiga-
ted. Initially, the TiO2/V2O5/AC and TiO2/WO3/AC 
nanoparticles were obtained using a sufficient 
thermal treatment by gradually increasing the 
temperature from 300, 400 and 500°C with 1 h inter-
vals for a total of 3 h. Then, the characterizations of 
these materials were carried out using (SEM), 
(TEM), (EDX), (FTIR) and X- (XRD). Secondly; the 
photocatalytic degradation of these materials has 
been investigated in OMW using ultraviolet (UV), 
hydrogen peroxide (H2O2) and nanoparticles. Ini-
tially, chemical coagulation experiments with lime 
and alum have been carried out to obtain more treat-
ment. In the photolytic degradation, the effect of 
catalysis, times, pH, H2O2 and temperature were se-
lected as parameters. The results show that the re-
moval percentage of color, phenol and lignin in-
creased with the use of H2O2 and O3 together. The 
percentage removals of color for TiO2/WO3/AC, 
TiO2/V2O5/AC were 89.55 and 86.30% respectively. 
In addition, the percentage removals for phenol were 
94.30, 96.26% and for lignin 51.96 and 48.08%, 
respectively. Optimum values for the degradation of 
color and phenol were found at pH 7.0 using 
TiO2/WO3/AC, and TiO2/V2O5/AC, whereas, the 
optimum degradation for lignin was achieved when 
the solution was pH<5.0 and pH>9.0 for the same 
nanocomposite materials. The optimum time and 
temperature were found 24 h at 308K. The pseudo-
first order model was applied and R2 values were 
from 0.90 to 0.99. 
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INTRODUCTION 
 

Olive mill wastewater (OMW) generated by 
the olive oil extracting industry is a major pollutant 
due to its phytotoxic high organic load and antibacte-
rial phenolic compounds which are not biodegrada-
ble in the environment. Mediterranean countries are 
mostly affected by this serious environmental prob-
lem, since they are responsible for 95% of the world-
wide olive-oil production [1-4]. 

There are many methods used for OMW treat-
ment, as proposed by Kestioglu et al. [5]. The ad-
vanced oxidation processes are physico-chemical 
treatment methods which commonly use either 
ozone or -
sence of UV radiation. In this study, advanced oxida-
tion processes were used under different conditions 
to remove both COD and phenol. The data obtained 
show that above 99% removal for both COD and to-
tal phenol was achieved with both H2O2/UV and 
O3/UV combinations. Another treatment of OMW 
consisting the application of an integrated centrifu-
gation-ultra filtration system allows an efficient 
reduction of pollution and a selective separation of 
some useful product [6]. Traditional physical and 
chemical techniques, such as flocculation, coa-
gulation, filtration, evaporation, the electrochemical 
treatment of OMW and burning systems also par-
tially solve the problem [7-10]. In addition, Oukili et 
al.[11] have investigated activated clay as adsorbents 
for removal of organic compounds from OMW, the 
removal of phenolic compounds have also effective-
ly been investigated using lime.  

OMW been tested with a mixture of aluminium 
sulfate and ferric chloride, calcium hydroxide solu-
tion and also acidifying of the waste with hydrochlo-
ric acid solution [10]. They have determined the cla-
rifying percent of the wastewater. Calcium hydro-
xide and aluminum sulphate have also been used 
besides magnesium sulphate COD value dropped to 
20 30% with calcium hydroxide, when added until 
the pH of the waste reached [10-14]. The organic 
content of OMW was oxidized using mono-
persulfuric acid in several biological studies to 
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eliminate the pollution effect of OMW [15,16]. The 
biodegradation of phenolic compounds have been 
investigated by using aerobic microbial cultures too 
[5, 17]. Kai and co-workers [18] have studied for the 
degradation of Dimethyl Phthalate using photo-
fenton process. Aref and co-workers [19] have per-
formed the degradation of 2-Nitrophenol from Petro-
chemical Wastewater. As a result, there is no such 
economical and easy solution for the removal of 
organic compounds from OMW. 

A commonly applied method for removal of 
COD, colour, phenol and organic compounds from 
industrial effluents is Advanced Oxidation Processes 
(AOPs). AOPs are related to the formation of OH ra-
dicals, accelerating oxidative degradation of nu-
merous organic compounds dissolved in wastewater. 
AOPs include several processes such as ultraviolet/ 
ozone (UV/O3), ultraviolet/hydrogen peroxide (UV/ 
H2O2), and ozone/hydrogen peroxide [20, 21]. In the 
present study, decolourization and removal of some 
organic compounds from OMW were aimed by 
using TiO2/V2O5/AC and TiO2/WO3/AC nanopar-
ticles. In addition, there is no study reported in the 
literature related to use of O3, UV, TiO2, WO3, V2O5 
and AC together in the OMW treatment. 
 
 
MATERIALS AND METHODS 
 

Characterization of OMW. OMW samples 
were collected from an olive-oil producing plant 
(Mugla) using a modern production process. No che-
mical additives have been used during the olive oil 
production. 

 
The pre-treatment experiments. Pre-refining 

process was carried out to obtain the more removal 
from OMW. In this process, the chemical coagula-
tion technique and the mixture of lime and alum 
(Aluminum sulfate) in certain proportions were 
used. In this step, 1g of lime and 4g of alum were 
added in 1L of crude OMW and stirred for 15 
minutes at 100 rpm/min then for 30 minutes at 30 
rpm/min slowly. The mixture was set aside for 24 
hours to have formation of flocks and precipitation 
[22]. Then, filtrated wastewater was maintained in 
appropriate medium for photocatalytic experiments. 

 
TiO2/V2O5/AC and TiO2/WO3/AC nano-

particles preparation. In this study, 120 mL ethanol 
and 20 mL tetra-n-butyl titanate were mixed, then 10 
mL acetic acid, 2 mL distilled water few drops of 
acetone were added and stirred for 3 hours (solution 
A). After that, 8-20 mesh AC was activated with 
nitric acid, washed with distilled water and left for 
drying. Acid activated was stirred for three hours 
with the previously prepared solution (solution A). 
After completion of the reaction, (NH4)10H2 (W3O7)6 
solution was added drop-wise and kept under 
constant temperature to get TiO2/W2O5/AC particles. 

Prepared particles were filtered and dried at 100°C 
for 3 hours. Dried samples were thermally activated 
at 300, 400 and 500°C each for one hour. Same 
procedure was repeated to prepare TiO2/ V2O5/AC 
particles but NH4VO3 solution was used instead of 
(NH4)10H2(W3O7)6. Both type of particles were 
characterized. The crystalline phase structure of the 
sample was examined by XRD (Rigaku-Smart Lab) 

FT-IR spectra these particles were recorded on 
Thermo-Scientific, (Nicolet IS10-ATR) spectropho-
tometers. The size and shape of the particles were 
investigated by SEM (JEOL JSM-7600F) and TEM 
(JEOL JEM 2100F HRTEM). Ele-mental analysis 
was carried out using (JEOL JSM-7600F) EDAX 
analyzer with SEM. 

 

 
FIGURE 1 

Appearance schematic of UV reactor used at 
the experimental study 

 
Photolytic experiments. In photolytic experi-

ments, the effects of reaction temperature, catalysis 
amount, OMW concentration, solution pH and addi-
tion of H2O2 were investigated. In all the experi-
ments, color, phenol and lignin concentration 
changes taking place in OMW were analysed 
through spectroscopic methods. OMW samples 
carried out the pre-treatment were directly treated 
using the specially designed UV reactor (Hight: 
60cm, volume: 1.0 L). This reactor consists of a 
closed sys-tem having an UV lamp (GPH846TL, 
17W, 254 nm), properties of fixed mixing and 
cooling and oxygen entry (Fig 1). The pH of (the) 
solution was adjusted using diluted HCI and NaOH 
solutions. All experiments were run at least twice. 

 
Determination of color changes. Maximum 

wavelength in the visible region and absorbance in-
tensity were 420 nm and 4.0, respectively on OMW 
using Dr. Lange spectro-photometer. Color changes 
were investigated at this wavelength and the color 
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removal (%) was calculated using the following ex-
pression.  
Color removal (%): 

100
)(

)()(
x

crudeOMWA

treatedAcrudeOMWA
o

o  

Lignin and phenol measurement. APHA 
Standard Methods were used for the measurements 
of lignin and phenol in OMW (APHA 2005). The 
concentration of lignin and lignin degradation com-
pounds were calculated of developing color resulting 
from the reaction of phenol with 4-aminoantipyrine 
and reaction of lignin with folin phenol reagent 
(tungstophosphoric and molybdophosphoric acid) at 
max 700 nm, respectively. The concentrations of 

phenol were determined analyzing the developed 
colour resulting from the reaction of phenol with 4-

max 500 nm [22]. 
 
 
RESULTS AND DISCUSSION 
 

SEM analyses. The surface morphologh of all 
samples was investigated using a SEM and images 
are given in Figure 2(a, b, c and d). Figure 2a shows 
the typical SEM micrograph at the lower magnifica-
tion of the AC. As seen in the Figure 2a, AC struc-
ture has porous morphology. Figure b shows also AC 

structure that obtained with at the higher magnifica-
tion. The SEM images of TiO2/V2O5 and TiO2/ W2O5 
doped AC samples were given in Figure 2c and 2d. 
As seen in the Figure 2c and 2d, TiO2/V2O5 and 
TiO2/W2O5 were attached to the AC surface. The 
proof of this adhesion was demonstrated by EDS and 
Compositional element rates obtained (Energy 
Dispersive X-ray Spectroscopy (EDS) were given in 
Table 1. 

 
TEM images of the nanocomposites. The 

samples were also put under TEM investigation for 
the determination of structure. Figure 3 (a, b, c) 
shows the images with increasing magnifications 
from the samples. Figure 3a shows the typical TEM 
micrograph of the amorphous AC. The TEM images 
of TiO2/V2O5 and TiO2/W2O5 doped AC samples 
were given in Figure 3b and 3c. As seen in the Figure 
3b and 3c, TiO2/V2O5 and TiO2/W2O5 were at-tached 
to the AC as with SEM results. 

Figure 4 shows the XRD patterns of AC (a), 
TiO2/V2O5/AC (b) and TiO2/WO3/AC (c) amor-
phous and crystal structures. According to Figure 4, 
the X-ray patterns confirm that activated carbon 
samples were amorphous and TiO2/V2O5 and 
TiO2/W2O5 doped samples have crystal diffractions 
peaks. 

 
 

(a) (b) (c)  (d) 
FIGURE 2 

SEM images belonging to Activated carbone (a) (b), TiO2/V2O5/AC (c) and TiO2/WO3/AC(d). 
 

TABLE 1  
EDS results belonging to all samples 

 

Element (Weight %) 
 

C O Ti V W Mg Ca Si P Totals 
AC 86.71 11.00 - - - 0.84 0.82 0.46 0.32 100.00 
TiO2/V2O5/AC 65.47 21.37 12.10 1.07 - - - - - 100.00 
TiO2/WO3/AC 71.66 20.75 6.39 - 1.21 - - - - 100.00 
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(a) (b) (c) 
FIGURE 3 

TEM images belonging to AC(a), TiO2/ V2O5/AC (b) and TiO2/WO3/AC(c) XRD analysis 
 

 
FIGURE 4 

XRD spectra belonging to TiO2/AC, TiO2/V2O5/AC and TiO2/WO3/AC 
 

 

 
FIGURE 5 

FTIR spectra belonging to TiO2/AC (a), TiO2/V2O5/AC (b) and TiO2/WO3/AC (c) 
 

AC 
TiO2/V2O5/AC 
TiO2/WO3/AC 
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FTIR analysis. When compared, both AC and 
TiO2/AC spectra showed stretching vibration at 3440 
cm-1 related to - OH. C-H stretching were also ob-
served at 2923 cm-1 related to -CH2. Band height and 
broadness reflects that these groups did not change 
after the application of TiO2. The band at 1575 cm-1 

disappeared that was related to aromatic C=C and a 
new band appeared at 1638 cm-1 related to titanium 
carboxylate. Disappearance of C=C related band and 
appearance of TiO2 bands proves the impregnation 
of TiO2 particles on the surface of AC (Figure 5a). 
Hydroxyl band on the surface of TiO2/V2O5/AC de-
creased and shifted to 3431 cm-1 was also observed. 
It was different from WO3 as -CH2 bands did not 
disappear that means they were unaffected, only -OH 
groups did reaction. Similar to WO3 connectivity, 
bands at 1638 cm-1 related to titanium carboxylate 
disappeared. Similarly, the C=C band at 1575 cm-1 

shifted to 1569 cm-1 after reaction with V2O5. The C-
O band at 1156 cm-1 in pure AC also shifted to 1143 
cm-1 after the removal of titanium carboxylate and 
reaction with V2O5 (Figure 5b). After comparing the 
spectrum of TiO2/WO3/AC, the band of -OH shifted 
from 3440 cm-1 to 3441 cm-1 and area under the peak 
is also decreased in addition to the disappearance of 
-CH2 band at 2924 cm-1 after the addition of WO3 
(Figure 5c). Therefore, it can be believed that WO3 
affected these groups. Separately, the band related to 
titanium carboxylate after the addition of TiO2 disap-
peared after heating and a small peak was observed 
at 1578 cm-1. Another band appeared at 1231 cm-1 

that is related to W=O. It proved the addition of 
WO3. 
 

Effect of oxidant concentration, time and 
catalyst type. The photocatalytic degradation of 
OMW was significantly improved and O3, H2O2, 
O3/H2O2, TiO2/WO3/AC and TiO2/V2O5/AC 
materials were used together and separately. Then 
the obtained results for color, phenol and lignin were 
plotted in Figure 6a, 6b and 6c, respectively. The 
data in Figure 6 (a) showed that almost 80% of 
colour was removed from the OMW effluent streams 
with both catalysts at the end of 24 hours. Especially 
proportion of discoloration was significant when O3 
and H2O2 were used. Under the same experimental 
conditions, the removal of phenol was above 90% 
using the combined O3/H2O2 system. However, the 
same removal percentage was almost obtained 
TiO2/V2O5 /AC and TiO2/WO3/AC for phenol (100, 
95 %). However, the percentage removal was very 
low when ozone or H2O2 was used alone. Under the 
same experimental conditions, the lignin removal 
rate was overall 50% usually for both catalysers at 
the end of 48 hours (Figure 6c). The coloured 
components of OMW are normally related to lignin, 
tannin and the other high amount of organic 
compounds. All commercial OMW streams contain 
non-biodegradable products and are dark red to black 
in colour [2]. The effluent colour is primarily due to 
lignin and its degraded products, which are 
chemically stable, resistant to biological degradation 
and are intractable to separation by conventional 
treatment methods [23, 24]. However, the treatment 
systems that we have used in this study can be used 
successfully to remove not only the colored 
components but other hazardous organic compounds 
as well. 

 

(a)                                                                                      (b) 

FIGURE 6a 
 TiO2/V2O5/AC 

(a) and TiO2/WO3/AC(b)(pH:5.0, 298K, Solid/ liquid: 0.5g L-1, O3:1.5Lmin-1, H2O2 :15 mlL-1 and UV:17 
Watt) 
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FIGURE 6b 

The changes of phenol removal due to times and different parameters for both catalysis TiO2/V2O5/AC 
(a), TiO2/WO3/AC (b) (pH:5.0, 298K, Solid/liquid: 0.5g L-1, O3:1.5Lmin-1, H2O2:15 mlL-1 and UV: 17 
Watt) 

 

(a)                                                                               (b) 
FIGURE 6c 

The changes of lignin removal due to times and different parameters for both catalysis TiO2/V2O5/AC 
(a), TiO2/WO3/AC (b) (pH:5.0, 298K, Solid/liquid: 0.5g L-1, O3:1.5Lmin-1, H2O2:15 mlL-1 and UV:17 

Watt) 
 
 

The effect of Temperature. The change in 
temperature normally affects the rate of reaction in 
most chemical reactions, so the photolytic reactions 
for both catalysts were carried out at 298K, 308K and 
318K in this experimental. The effects of tempera-
ture on the removal of colour, phenol and lignin are 
presented in Figure 7a, 7b and 7c, respectively. 

The changes in color of OMW were also exam-
ined related to the changes in temperature and times. 
The data obtained show that an increase in the 
percentage of removal was achieved when the 
temperature was decreased from 308K to 298K for 
the two catalysts systems (Figure 7a). The rates of 
color removal after 8 hours were 84.18% and 
79.76% for the TiO2/WO3/AC and TiO2/V2O5/AC 
catalytic systems, respectively. The decrease in the 

percentage removal of color at higher temperature 
may be associated with the solubility of colored 
components present in the effluent streams or the ef-
fect of quantum yield for the photochemical yield 
[25]. The higher dissolution of the particulate col-
oured matter and other polyphenolic compounds in 
OMW such as tannins colored components at high 
temperatures may be responsible for the decrease in 
the overall color removal at higher temperature. 
OMW was strongly colored related to lignin, tannin 
and at high amount of organic compounds. 

Lignin is a biopolymer synthesized and stored 
in plant cell walls together with cellulose and 
hemicelluloses serving the function of making the 
root and stem mechanically strong and hard. Its main 
function is to act as a physical and chemical barrier 
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against biodegrading systems. The high extent of the 
change taking place in color indicates that the above-
mentioned compounds have been considerably de-
graded and dissolved into different compounds [29]. 
The changes taking place in phenol and lignin 

concentrations under the same conditions were 
analysed to examine this better, and to see the 
changes taking place in lignin and phenolic 
compounds. The results for phenol and lignin are 
plotted in Figs 7b and 7c, respectively. 

 
 

(a) (b) 
FIGURE 7a 

The changes of color removal due to temperature and times for both catalysis. TiO2/WO3/AC (a) 
TiO2/V2O5/AC (b) (pH:5.0. 298K. Solid/Liquid: 0.5g L-1.O3:1.5Lmin-1.H2O2:1515 mlL-1andUV:17 Watt. 

(a) (b) 

FIGURE 7b 
The changes of phenol removal due to temperature and times for both catalysis TiO2/WO3/AC(a), 

TiO2/WO3/AC (b) (pH:5.0. 298K. Solid/Liquid:0.5g L-1. O3:1.5Lmin-1. H2O2:15 mlL-1and UV:17 Watt. 
 

(a) (b) 
FIGURE 7c 

The changes of lignin removal due to temperature and times for both catalysis, TiO2/V2O5/AC (a), 
TiO2/WO3/AC(b) (pH:5.0. 298K.  Solid/Liquid: 0.5g L-1. O3:1.5Lmin-1. H2O2:15 mlL-1 and UV:17 Watt) 
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(a) (b) 

FIGURE 8a 
The changes of color removal due to different pH and times for both catalysis TiO2/WO3/AC (a) and 

TiO2/V2O5/AC (b) (298K, Solid/Liquid: 0.5g L-1, O3:1.5Lmin-1, H2O2:15 mlL-1 and UV: 17 Watt) 

(a) 
 (b) 

FIGURE 8b 
The changes of phenol removal due to different pH and times for both catalysis TiO2/WO3/AC (a) and 

TiO2/V2O5/AC (b) (298K, Solid/Liquid: 0.5g L-1, O3: 1.5Lmin-1, H2O2:15mlL-1 and UV:17 Watt) 
 

FIGURE 8c 
The changes of lignin removal due to different pH and times for both catalysis TiO2/WO3/AC (a), 

TiO2/V2O5/WO3/AC (b) (298K, Solid/Liquid: 0.5g L-1, O3: 1.5Lmin-1, H2O2:15 mlL-1 and UV: 17 Watt) 
 
 

The effects of temperature and time on the 
percentage degradation of phenol were investigated 
for TiO2/WO3/AC and TiO2/V2O5/AC systems. The 
data obtained show that the percentage degradation 
values were 95.17% and 94.88% at the 318K, 

respectively. The rate constants for the two catalysts 
were 25,62x10-2 h-1 and 16.14x10-2 h-1, respectively 
at the same temperature (Table 1). Lignin is a three 
dimensional, optically active phenylpropanoid poly-
mer and it does not dissolve in water as a high-
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weighted hydrophobic polymer. It is more resistant 
to biodegradation than other polymers because of its 
heterogeneous character and its inconvenience for 
hydrolytic degradation [10, 27-29]. The lignin re-
moval percentages for both catalysts are shown in 
Figure 7c. As seen from these Figures while tempe-
rature increases, removal of lignin was observed 
increasing about 8 hours; fixation was observed at 
the rate of removal. Maximum percentage removal 
of lignin was 65.34 % at 308K. 

 
The effect of pH. The pH of solution in the 

photocatalytic reactions taking place on the particu-
late surface is an important parameter [29]. Depend-
ing on the initial pH for both catalyses, removal of 
colour, phenol and lignin are presented in Figure. 8a, 
8b and 8c, respectively. As seen from these Figures 
maximum colour and phenol removals were ob-
tained at between pH 7.00 and 11.0 (100.0 and 80%) 
respectively. Lignin removal was obtained 70 and 50 
% at the same pH values. 

The data in Figure 8a show that colour removal 
is associated with the pH of the solution. The lowest 

colour removal was at pH 3.0 using TiO2/WO3/AC 
catalyst (70%). Except for this pH values there was 
a significant colour removal depending at all other 
pH values studies in this work. Particularly colour 
removal up to 100% occurred at pH 11:0 for both 
catalyses. 

The effect of pH on the percentage removal of 
phenolic compounds using different photolytic pro-
cesses was also investigated. The data in Figure 8b 
shows that the percentage removal of phenol was 
highest (95-96%) after pH 9.00 for both catalysts. 
This case can be explained due to the availability of 
abundant OH- ions at high pH values. Formation of 
radicals during photolytic reactions and existence of 
multiway interactions such as substrate, solvent 
molecules and other electrostatic interactions can be 
related to the changes in pH values. When changes 
in removals of lignin depending on pH and time of 
photolytic reactions was observed at the end of reac-
tion. The highest removal was at 8 h. and showed 
constant stability after this period approximately 
(60-70 %) (Fig 8c). 

FIGURE 9a 
The changes of color removal due to amount of different H2O2 and times for both catalysis, TiO2/WO3/AC 
(a) and TiO2/V2O5/AC (b), (298K, Solid/Liquid: 0.5g L-1, O3: 1.5Lmin-1, H2O2:15 mlL-1 and UV: 17 Watt) 

 

 
FIGURE 9b 

The changes of phenol removal due to amount of different H2O2 and times for both catalysis 
TiO2/WO3/AC (a) TiO2/V2O5/AC (b) (298K, Solid/Liquid: 0.5g L-1, O3: 1.5Lmin-1, H2O2:15 mlL-1 and 

UV:17 Watt) 
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FIGURE 9c 

The changes of lignin removal due to amount of different H2O2 and times for both catalysis, 
TiO2/WO3/AC (a) TiO2/V2O5/AC (b) (298K, 0.5g L-1, O3: 1.5Lmin-1, H2O2:15 mlL-1 and UV:17Watt) 

 
TABLE 2  

Effect of pH, catalyst and temperature on the kinetics of color, phenol and lignin removal 
 

TiO2/V2O5/AC TiO2/WO3/AC 

Parameter 
Color  Phenol Lignin Color Phenol Lignin 

k×10-2 (h-2) r2 k×10-2 (h-1) r2 k×10-2 (h-1) r2 k×10-2 (h-1) r2 k×10-2 (h-1) r2 k×10-2 (h-1) r2 

The Effect of Temperature (K) 

298 14.25 0.88 12.14 0.89 4.12 0.95 27.31 0.93 18.11 0.94 4.15 0.91 

308 18.54 0.97 15.11 0.93 11.98 0.84 22.91 0.98 24.62 0.97 13.08 0.97 

318 20.15 0.91 16.14 0.88 7.14 0.91 14.15 0.90 25.62 0.93 6.14 0.89 

The Effect of pH 

3.00 20.02 0.97 19.36 0.97 8.82 0.94 21.26 0.93 18.81 0.99 10.61 0.97 
5.00 18.54 0.97 15.11 0.93 11.98 0.84 22.91 0.98 24.62 0.97 13.08 0.97 

7.00 26.31 0.96 25.63 0.97 12.51 0.87 40.19 0.96 29.16 0.94 15.52 0.92 

9.00 28.02 0.98 30.69 0.98 14.03 0.96 33.74 0.97 24.87 0.96 13.54 0.97 

11.0 30.12 0.90 16.14 0.91 15.12 0.92 30.14 0.92 18.41 0.87 8.21 0.90 

The Effect of H2O2 

0.00 4.11 0.91 10.12 0.83 2.10 0.90 4.12 0.86 5.02 0.86 2.14 0.87 

15.00 18.54 0.97 15.11 0.93 11.98 0.84 22.91 0.98 24.62 0.97 13.08 0.97 

30.00 17.31 0.96 29.21 0.98 10.31 0.97 24.21 0.98 36.41 0.99 19.61 0.92 

The Effect of UV. O3. H2O2. O3/H2O2 

UV 1.12 0.95 3.15 0.82 0.14 0.91 1.10 0.70 0.01 0.87 0.14 0.92 

O3 4.11 0.91 10.12 0.83 2.10 0.90 4.12 0.86 5.02 0.86 2.14 0.87 

H2O2 17.10 0.87 26.14 0.84 5.12 0.87 8.11 0.90 12.6 0.94 5.14 0.93 

O3/H2O2 20.54 0.97 36.11 0.93 11.98 0.84 22.91 0.98 24.62 0.97 13.08 0.97 

 
 

The Effect of H2O2. The rate of photocatalytic 
degradation of the organic compounds was signifi-
cantly improved by the addition of H2O2 as an addi-
tional oxidant. Figure 9a, 9b and 9c show the 
percentage degradation when H2O2 was added as an 
oxidant in the concentration range of 0.00 30 mlL-1. 
The percentage removals of colour, phenol and lig-
nin after 24 hours were 100 %, 95 % and 75 % using 
the TiO2/WO3/AC catalytic system respectively. As 
a result, higher percentage removal is obtained with 
increasing the concentration of oxidizing matter.  
The presence of UV, H2O2, and TiO2/WO3/AC can 

decrease the concentration of organic compounds in 
the photocatalytic process. This can be explained as 
follows; the recombination of valenceband holes 
(hVB+) and conduction-band electrons (eCB) have been 
regarded as an unfavourable or limiting process in 
photocatalysis. The electron will combine with oxy-
gen molecule to produce superoxide radical anions 
(O2 ), meanwhile the hole in the valence band may 
react with water (H2O) or hydroxyl ions (OH-) to 
generate the hydroxyl radicals (OH ). The OH  and 
O 2

 are the primary oxidizing species in the 
photocatalytic processes [23,29]. 
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An indirect interaction of organic compounds 
with OH  radicals and direct with H2O2 in degrada-
tion has been suggested [8]. In another study, cata-
lytic reactions using UV and H2O2 have been re-
ported to have significant removal of organic sub-
stances on particular pesticides derivations [29, 31]. 
It has been reported that the combination of O3 and 
UV can significantly increase the formation of radi-
cals at high temperatures which ultimately increases 
the degradation of carious organic compounds [32-
34]. The data obtained in this study are in accordance 
with the previous studies since the removal of col-
our, phenol and lignin increases with the combined 
us of different oxidants under different conditions. It 
is well known that hydroxyl free radicals are highly 
reactive, they can abstract hydrogen from hydrocar-
bons and can perform oxidation (E=2,80 V). These 
radicals can easily get into reaction with any organic 
compound and are highly reactive under the UV 
light. 

 

2

..
222 OOHHOOHO  (1) 

.222 OHhOH  (2) 

OHROHRH 2
..  (3) 

.
22

. OHROHOHR  (4) 

 
Using UV- TiO2 is highly reactive and reported 

in advanced oxidation reactions with high yields. 
Reactions shown in equation 1 and 4 are very effec-
tively reported [35]. 

 
Photodegradation kinetics. The degradation 

kinetics of wastewater by using TiO2/V2O5/AC 
TiO2/WO3/AC and without catalyst in the presence 
of UV light was evaluated using the linearised form 
of pseudo first- order rate 

 
In (Ct/Co)= -kt                                                      (5) 
 
where Co is the initial concentration (mg/l), Ct is the 
concentration (mg/l) at time t, t is the UV light expo-
sure time and k1 is the first-order rate kinetics. Table 
2 shows that the degradation process follows the 
pseudo first-order rate kinetics as evidenced from the 
regression (r2) analysis that is greater than 0.80. The 
higher rate constant achieved using TiO2/V2O5/AC 
can be attributed to the combined effects of adsorp-
tion of organic molecule over catalyst surface fol-
lowed by oxidation using the generated hydroxyl 
radical and direct attack of photogenerated holes 
[36]. 
 
 
CONCLUSIONS 
 

In this study various photocatalytic systems 
have been optimized for the treatment of wastewater 
originating from olive oil production industries un-

der different condition. The nanocomposite materi-
als were prepared and their efficiencies were exam-
ined using various photolytic and photocatalytic sys-
tems. As a result of this study, all pollutants could be 
removed (80-100%) from solution after 2 hour 
containing 30 ml L-1 H2O2 at higher pH (9.00-11.00) 
values. The results indicated that TiO2/WO3/AC is 
significantly more active than TiO2/V2O5/AC. H2O2 
plays a crucial role in catalytic activity in the 
reaction. Moreover, the necessity to analyse the 
products with further techniques while the reactions 
in black water purification continue emerges. It is 
concluded that it is important to investigate the struc-
ture analyses of substances formed during the reac-
tion process and reaction mechanisms during 
photocatalyst process through HPLC, gas 
chromatography, NMR and other techniques in 
further studies. 
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