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Abstract 
Background: The main objective of this research was to study photocatalytic oxidation of phenol in 
aquatic solutions by using of UV, TiO2 and the combination of them. Phenol compounds are widely 
used in industries and other daily life. Highly toxicity and carcinogenicity of these compounds can 
causal considerable adverse effects on the aquatic ecosystems and human health.  
Methods: The study was an experimental research and carried out by phenol 100 mg L-1 solution and 
contact time, pH and amount of TiO2 were considered in photocatalytic system as the basic variables 
affecting removal efficiencies. Phenol concentration in inlet and outlet samples was detected by spec-
trophotometery at 500nm.  
Results: Combination of UV and TiO2 can cause higher efficiencies of phenol removal. The removal 
efficiencies of UV, TiO2 and UV/TiO2 photocatalytic oxidation system with various operation condi-
tions had a range of 1.8%-19.64%, 2.38%-17.8% and 34.65%-82.91%, respectively. It was found that 
increasing of TiO2 concentration and contact time and pH , increasing the amount of phenol that oxi-
dized in combined system and maximum removal coefficients obtained in pH=11 , 9 h contact time 
and 0.2 gr of TiO2. 
Conclusion: Combinated UV/TiO2 process may be applied as an effective process for the removal of 
phenol from aquatic solutions such as industrial wastewaters and polluted water resources.   
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Introduction 
In industries and daily life, phenol com-
pounds are widely used and have become 
common pollutants in water bodies (1). Due 
to their stability and bioaccumulation, they 
remain in the environment for longer peri-
ods. Highly toxicity and carcinogenicity of 
these compounds can cause considerable ad-
verse effects on the aquatic ecosystems and 
human health. Therefore use of an effective 
and economic method for the elimination of 
phenol in water solutions has been in urgent 
demand (2). Traditional wastewater treatment 
techniques for phenol removal are activated car- 
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bon adsorption, chemical oxidation and bio-
logical digestion (1). However each technique 
has some limitations and disadvantages (2). 
The application of photocatalysis in the 
treatment of phenol in wastewater is an in-
teresting alternative and is the object of a 
great interest over the last years by many re-
searchers (1, 3-5). In these researches atten-
tion has been drawn toward an alternative 
technique where the pollutants are degraded 
by irradiation suspension of metal oxide semi-
conductor particles such as TiO2 or ZnO (1, 
4). TiO2 is known to be an excellent photo-
catalyst for complete mineralization of phe-
nol in water and wastewater(6, 7). It is non-
toxic, insoluble in water and comparatively 
cheap (8, 9). Many organic compounds are de-
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composed in aqueous solution in the pres-
ence of titanium dioxide powder illuminated 
with UV ray (6).  
TiO2 (anatase) has an energy band gap of 3.2 
eV and is capable to be activated by near 
UV-light with wavelengths up to 388 nm. 
Light energy from ultraviolet radiation in the 
form of photons, excites the electrons on the 
surface of titanium atoms suspended in the 
contaminated water, moving them from the 
valence band to the conductance band. This 
absorption corresponds to between 3 to 4 per-
cent of the solar spectrum (10). The result of 
this energy change is the formation of holes 
in the surface of titanium atom, and free elec-
trons, which are now available to form hydro-
xide (OH) or other radicals, which can oxi-
dize organic chemicals, or reduce metal spe-
cies (1, 2, 11). In all cases, the degradation 
process mainly involved the formation of hy-
droxyl radicals (12). Although this is a small 
fraction of the spectrum, many studies have 
been carried out to develop an efficient method 
for using natural solar radiation to destroy 
toxic organic compounds (9, 10) and to re-
duce toxic metals (13).  
The main objective of this research was to 
study of photocatalytic oxidation of phenol 
in the presence of UV ray, TiO2 and investi-
gation of the role of main factors that af-
fecting the process. 
 
Materials and Methods 
Phenol solution obtained from Merck Chemi-
cal Co., was prepared in 100 mg L-1 concen-
trations. The concentration of phenol was 
measured at 500 nm by a Shimatsu spectro-
photometer. TiO2 was used mostly anatase 
and had a BET surface area of 50 m2 g-1 and 

an average particle diameter of 30 nm. pH 
adjustments in samples were done by using 
0.1 N HCl acid (Merck, 37%) and 0.1N 
NH4OH (Merck 25%). A low pressure UV 
lamp, 0.8 m in length was installed 10 cm 
above the samples surface and the light in-
tensity were 0.9 J s-1m-2 measured by a Radi-
ometer at 300 to 400 nm (Hagner EC1-UV-
A). All analysis were done according to the 
standard methods (14).  
Experimental set-up and measurements 
In this research, the photochemical cell con-
sisted of five 250 ml beaker and 5 magnetic 
stirrers that used for stirring the samples. The 
temperature of reactors was controlled at 20o 

C. In the first phase, the beakers were filled 
with 200 ml of phenol solution (100 mg L-1) 
and in separate stages were contacted with 
UV, TiO2 and combination of UV/TiO2. Also 
the effects of various parameters include con-
tact time (1, 3, 5, 7 and 9 h), pH (3, 7 and 11) 
and amount of TiO2 (0.5 and 1.0 gr L-1) in the 
removal efficiency of phenol were investi-
gated. The polished aluminium was used as 
the reflective material to protect the samples 
in the absence of radiation.  
The samples were withdrawn from the beakers 
with the syringe (10 ml) before and after the 
photochemical reaction and the residual phe-
nol was measured. Before phenol measure-
ment, the samples containing TiO2 were cen-
trifuged at 5000 rpm for 10 min, and then the 
upper liquid layer were sucked with a glass 
syringe and filtered. Then concentration of 
phenol in the prepared samples was measured. 
All experiments were conducted at lab tem-
perature (nominally 20° C). The experimental 
apparatus as shown in Fig. 1 was set up in Ha-
madan University of Medical Sciences in 2006. 

 
Fig. 1:  Schematic of phenol removal photocatalytic pilot 
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Results  
The results from examinations in pH= 3, 7 
and 11 as the function of exposed time in the 
studied processes are shown in Figs. 2-4, 
respectively. It is found that phenol degra-
daion efficiency is affected by TiO2 concen- 
 
 

tration, UV irradiation and pH of the solution.  
Also the effect of time variation on removal 
phenol at different pH values is shown in 
Fig. 5.  The results show that degradation 
yield in a 9 h period with pH= 3, 7 and 11 
has been 59%, 52% and 83 %, respectively.  
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Fig. 2: Removal efficiency of phenol at various conditions (pH=3) 

 
 

0

10

20

30

40

50

60

0 1 3 5 7 9

Time (hr)

%
 P

he
no

l d
eg

ra
da

tio
n

UV
TiO2( 0.1 gr) 
TiO2 ( 0.2 gr) 
TiO2 ( 0.1 gr)+ UV
TiO2  ( 0.2gr ) + UV

 
Fig. 3: Removal efficiency of phenol at various conditions (pH=7) 
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Fig. 4: Removal efficiency of phenol at various conditions (pH=11) 
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Fig. 5: Effect of time variation on phenol removal (TiO2=1 gr L-1, initial phenol concentration= 100 mg L-1 ) 

 
Discussion 
The photocatalytic degradation of various 
toxic organic compounds has been proposed 
as a viable process to detoxify aquatic solu-
tions. Irradiating pulverulent semi-conduc-
tors like TiO2 in suspension or fixed to vari-
ous supports in aqueous solutions containing 
organic pollutants, creates a redox environ-
ment able to destroy these pollutants. Solar 
photocatalytic mineralization of organic water 

pollutants has a strong potential in the indus-
trial destruction of toxic organics in water as 
this has been widely demonstrated in recent 
years, and the applications and target com-
pounds are numerous. 
Nowadays, phenol compounds are one of the 
most common pollutants of water resources. 
Photocatalytic oxidation of phenol by using 
TiO2 as a catalyst and UV ray is one of the 
developing methods. In this study, photocata-
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lytic removal of phenol was investigated by 
stressing on contact time, pH and initial phe-
nol concentrations. The results from exami-
nations in pH= 3, 7 and 11 as the function of 
exposed time in the studied processes are 
shown that phenol degradation efficiency is 
affected by TiO2 concentration, UV irradia-
tion and pH of the solution. Also Mansouri 
and yang reported removal of Cr6+ and humic 
acid in aquatic solutions by application of 
UV/TiO2 (15, 16).  
By increasing the contact time, efficiency of 
phenol removal is raised. The most observed 
yield is related to pH=11 and the least to 
pH=7. Use of UV ray to degrade phenol has 
less efficiency. Presence of TiO2 in these 
processes can promote removal efficiency, 
remarkably. The results show that the phenol 
degradation increases with increasing TiO2 
concentration but the difference neglect able, 
Sun and et al reported that TiO2 concentra-
tion affected the phenol oxidation by visible 
light (17). Phenol was more effectively elimi-
nated by using combined UV/TiO2 condition 
than either than UV or TiO2 separately. Lee 
et al. reported a similar results for the re-
moval of organic compounds  (18).   
The results show that in all mentioned pH 
scales, UV and TiO2 in separate stage can not 
degrade phenol remarkably. In use of UV 
and TiO2 synchronize, pH has an important 
effect. Yang and Iliev reported that the in-
crease of pH, increased the removal efficiency 
of humic acid and phenol in aquatic solu-
tions (15, 19).   
As a result, increasing pH leads to reducing 
the process time. The process efficiency in 
pH=11, during 3 h was 74% and by increasing 
contact time to 9 h, the yield is just 8.8 % 
developed (3). The reason is that the reaction 
rate is related to phenol concentration and by 
going on time, decrease in concentration of 
phenol results in decreasing the efficiency 
(1, 2, 4).  
Thus, when phenol as a hydroxide possess-
ing material was solute in water bodies with 

alkali pH, it was converted to phenoxide ion 
that more degradable than phenol. Con-
versely in acidic pH, phenol has a little de-
gradability. Since TiO2 that was used in this 
study, is a recoverable photocatalyst, UV/TiO2 
process for phenol degradation is compatible 
with the environmental.    
In conclusion, the reaction rates of photo-
catalytic degradation of phenol were influ-
enced by pH value. Photodegradation can be 
an alternative treatment method for those 
contaminants resistant to conventional meth-
ods. Photodegradation can be used for com-
plete mineralization of phenol. Since TiO2 that 
was used in this study, is a recoverable photo-
catalyst, UV/TiO2 process for phenol degra-
dation is compatible with the environmental.  
 
Acknowledgments 
We gratefully acknowledge financial support 
for this project from the Environmental Health 
Engineering Dept., Faculty of Health, Hama-
dan University of Medical sciences. We also 
appreciate Mrs. Parvin Ahmadi for their 
kindly helps and efforts. The authors declare 
that they have no conflict of interests. 
  
References 
1. Akbal F, Nur Onar A. Photocatalytic 

degradation of phenol. Environ Monit 
Assess. 2003; 83(3): 295-302. 

2. Wang KH, Hsieh YH, Chou MY, Chang 
CY. Photo catalytic degradation of 2-
chloro and 2-nitrophenol by titanium 
dioxide suspensions in aqueous solution. 
Applied Catalysis B: Environmental. 1999; 
21: 1-8. 

3. Bekkouche S, Bouhelassa M, Hadj Salah 
N, Meghlaoui FZ. Study of adsorption 
of phenol on titanium oxide (TiO2). 
Desalination. 2004; 166: 355-362. 

4. Theurich J, Lindner M, Behnemann DW. 
Photocatalytic Degradation of 4-Chloro-
phenol in Aerated Aqueous Titanium Di-
oxide Suspensions: A Kinetic and Mecha-



Rahmani AR et al: Investigation of Photocatalytic… 

 60 

nistic Study. American Chemical Soci-
ety. Langmuir, 1996; 12(26): 6368-76. 

5. Ohko Y, Ando I, Niwa C, Tatsuma T, 
Yamamura T, Nakashima T, Kubota Y, 
Fujishima A. Degradation of bisphenol 
A in water by TiO2 photocatalyst. En-
viron Sci Technol. 2001; 35(11): 2365-
68. 

6. Tennakone K, Tilakaratne CTK, Kotte-
goda IRM. Photocatalytic degradation 
of organic contaminants in water with 
TiO2 supported of polyethylene films. 
Photochemistry and Photobiology A: 
Chemistry. 1995; 87(2): 177-79. 

7. Robert D, Malato S. Solar photocataly-
sis: a clean process for water detoxifica-
tion. Sci Total Environ. 2002; 291(1-3): 
85-97. 

8. Lakshmi S, Renganathan R, Fujita S. 
Study on TiO2-mediated photocatalytic 
degradation of methylene blue. Photo-
chem Photobiol. 1995; 88: 163-67. 

9. Vidal A, Diaz AI, Hraiki EA, Romero 
M, Muguruza I, Senhaji F, Gonzalez J.  
Solar photocatalysis for detoxification 
and disinfection of contaminated wa-
ter: Pilot plant studies. Catalysis To-
day. 1999; 54(2): 283-90. 

10. Raquel  FPN,  Welson FJ. TiO2-fixed-
bed reactor for water decontamination 
using solar light. Solar Energy. 1996; 
56(5): 471-77. 

11. Poudyal K, Clark D, Brag A. Titanium 
Dioxide Photocatalysis of Metals in 
Hazardous Waste Management, ENVE, 
Editor. 1998; 436-01. 

12. Rafqah S, Chung PWW, Nelieu S, Ein-
horn J, Sarakha M. Phototransformation 
of triclosan in the presence of TiO2 in 
aqueous suspension. Applied Catalysis 
B: Environmental. 2006; 66(1-2): 119-25. 

13. Cho IH, Kim HY, Zoh KD, Lee HK. A 
study on the removal of toxic metal-
EDTA complex using solar light/TiO2 
system. Water Sci. Technol: Water Sup-
ply. 2002; 2(1): 299-304. 

14. Glesceria LA, Greenberg E, Eaton AD. 
Standard Method for the examination 
of Water and Wastewater. 20th ed. New 
York:  APHA, AWWA, WEF, 1998. 

15. Yang JK, Lee SM. Removal of Cr (VI) 
and humic acid by using TiO2 photo-
catalysis. Chemosphere. 2006; 63(10): 
1677-84. 

16. Mansouri L, Bousselmi L, Ghrabi A. 
Degradation of recalcitrant organic con-
taminants by solar photocatalysis. Water 
Sci Technol. 2007; 55(12): 119-25. 

17. Sun B, Reddy EP, Smirniotis PG. Visi-
ble light Cr (VI) reduction and organic 
chemical oxidation by TiO2 photocata-
lysis. Environ Sci Technol. 2005; 39(16): 
6251-59. 

18. Lee SM, Lee TW, Choi BJ, Yang JK. 
Treatment of Cr (VI) and phenol by il-
luminated TiO2. Environ Sci Health A 
Tox Hazard Subst Environ Eng. 2003; 
38(10): 2219-28. 

19. Iliev V, Mihaylova A, Bilyarska L. 
Photooxidation of phenols in aqueous 
solution. Mol Catalysis A. Chemical. 
2002; 184(1-2): 121-30. 


