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Summary: Contamination of water, soil and groundwater caused by aromatic compounds induces 
great concern in most world areas .Among organic pollutants, phenol is mostly considered dangerous 
due to its high toxicity for human and animal. Advanced oxidation processes (AOPs) is considered as 
a most efficient method also the best one for purifying organic compounds which are resistant to 
conventional physical and chemical processes. This experimental study was carried out in laboratory 
scale. First, a synthetic solution was made of phenol. Then, Fenton, Fenton-like and photo-Fenton 
processes were applied removing phenol from aquatic solution. The effects of Hydrogen Peroxide 
concentration, catalyst, pH and time were studied to phenol removal efficiency.  Results showed that 
Photo-Fenton process with removal efficiency (97.5%) is more efficient than Fenton and Fenton-like 
processes with removal efficiency (78.7% and 82.5% respectively), in pH=3, [H2O2 ]= 3mM, [Fe2+]= 
0.1 mM, phenol concentration 100 mg L-1 and time reaction 60 min, the phenol removal was 97.5%.
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Introduction

Contamination of water, soil and 
groundwater caused by aromatic compounds induces 
great concern in most world areas. Among organic
pollutants, phenol is mostly considered dangerous 
due to its high toxicity for human and animal. [1] 
Phenol compounds are resistant organic pollutants 
which include low biodegradable and serious 
damages to environment when are discharged to 
natural waters body. [2] Also, it is an aromatic 
hydrocarbon that with its derivations considered a 
common pollutant in most industrials sewages 
including petrochemical, oil refinery, steel, coal 
processes, dying, textiles, paper-mill, leather industry 
and polymer resins. Also, due to its anesthetic effects, 
it widely is used in pharmaceutical industries. [3-5]  
Due to their particular characteristic such as toxicity, 
their adverse effects on human being and other 
animals, phenol compounds are considered as priority 
pollutants according to the United States 
Environmental Protection Agency (EPA). [6, 7]. It 
was considered as a irritant and eatable material in 
high concentration which has toxicity for human and 
animal mucous. [4] World Health Organization 
(WHO) has prescribed a concentration of 1µg as the 
guideline concentration for drinking water. [8].

There are various methods for removal of 
phenol in wastewaters including chlorination, 
ozonation, adsorption, solvent extraction, membrane 

filter process, coagulation, flocculation and biological 
treatment. [6] Since phenol compounds have low 
biodegradability therefore it needs an effective 
treatment process for their removal [9], an effective 
process for removing these pollutants is substituting 
process in Advanced Oxidation Processes (AOPs) 
which are the excellent choice for removal of organic 
compounds which are resistant to biodegradation or 
conventional physical and chemical processes. [10] 
AOPs, also, generate •OH which accelerate oxidative 
degradation of numerous organic compounds soluble 
in wastewater. [11].

Among Advanced Oxidation Processes, 
Fenton is used as an effective chemical process for 
removing aromatic compounds existing in aquatic 
environment. [12] Fenton process, which is a reaction 
between ferrous and hydrogen peroxide for 
generating hydroxyl radical, under acidic condition 
[13, 14] is efficiently used for destroying organic and 
inorganic pollutant by using the capacity of oxidation 
of hydroxyl radicals generated from catalytically 
destroying H2O2 by iron ion. Hydroxyl radicals by 
having 2.8V oxidation potential are more powerful 
than H2O2. [15] The main drawback of this technique
is represented by the cost of the reactants, H2O2 and 
Fe2+. Therefore, various methods are presented for 
using Fe3+ which has fewer costs. [16, 17] Fe3+ also 
can be used for the destruction of hydrogen peroxide 
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and hydroxyl radical production. This process is 
known as Fenton-like process. [18]

Fe2++H2O2→ Fe3++•OH+OH−  k1=51M−1s−1[19]     (a)

Fe3++H2O2→Fe2++HO2
•+H+k2=0.001–0.01M−1s−1[19] 

(b)

Although Fenton has a high oxidation 
efficiency, its function is limited by the final 
production of ferric iron sludge. It seems that 
radiation UV combined with Fenton reagent could be 
a promising alternative since it allows the reduction 
of ferric to ferrous iron. [10].

Fe(III)OH2+ + uv → Fe(II) + •OH        (c) 

By considering the fact that phenol and its 
derivation are considered the major environmental 
pollutants and other studies suggest that treatment of 
Fenton, Fenton-like as well as Photo-Fenton is 
effective in treatment  different sewages, Therefore, 
in this study, the performance of three advanced 
oxidation processes Fenton, Fenton-like and Photo-
Fenton processes in removing phenol from synthetic 
solutions are examined and compared and the optimal 
conditions of removing phenol in the processes and 
the effectiveness of various parameters on removal  
efficiency are determined.

Experimental

Materials are used in the study were 
provided by German Factory, MERC. Hydrogen 
peroxide (30%) was used as an oxidizing agent and 
iron (II) and (III) Sulfate as iron resources. Phenol is 
used for examine was selected with purity of 98% 
and initial concentration of 100 mg L-1. Acid sulfuric 
and sodium hydroxide 0.1 N were used for 
controlling pH. All experiments were carried out at 
(25±2  ) room temperature. 

Fenton and Fenton-like experiments were 
performed at Jar Test equipment under agitation at 80 
rpm. The reactor for Photo-Fenton experiment was 
made of Pyrex and consisted of two parts: The 
exterior including 1 liter of phenol and the inner 
chamber for mounted lamp UV. The exterior has 
been set at larger reactor (5 liter) containing water for 
maintaining solution at the temperature 25℃. During 
the experiment solution is continuously was done 
mixed with the help of magnet and magnetic stirrer. 
The used light to produce UV rays making NARVA 
German company with 254 nm and 125 watt power 
supply provided continuous UV radiation. All 

solutions are prepared daily and were kept at a 
temperature 4℃.

All experiments were initiated by 1000 mg 
L-1 phenol solution. In each of the oxidation 
processes, first determine the ratio of optimized 
H2O2/Fe at pH=3 and reaction time 60 min was 
selected and optimizing of H2O2 and Fe concentration 
in 4 hydrogen peroxide (0.5, 1, 3 and 4 mM) as well 
as 4 iron concentration (0.05, 0.1, 0.2 and 0.4 mM ) 
were conducted. After determining optimum H2O2/Fe 
ratio, as well as the best pH and reaction time, 
experiments were performed by considering stable 
determinate optimum H2O2/Fe at previous stages and 
changing of pH (2, 3, 4 and 5) and reaction time (10, 
20, 30 and 60 min). sample was taken from the 
remained phenol determined based on photometric 
process on basis of 5530 D standard methods 
examination of water and wastewater by using 4-
amino antipyrine and Potassium ferric cyanide 
reagents as well as Spectrophotometer model 
HACH(Dr/2010) in 500 nm length wave [20] pH was 
measured by pH instrument model pH262 made by 
Sanjesh Instrument Company and With buffers 4 and 
7 was calibrated. Each experiment was repeated 3 
times.

Result and Discussion

Effect of hydrogen peroxide concentration

In order to study the effect of H2O2 in 
phenol degradation, four different concentration of 
hydrogen peroxide were added to the samples. As 
shown in Fig. 1, with increasing of hydrogen 
peroxide concentration from 0.5 mM to 3 mM, 
phenol removal was increased in all three methods 
but with its increasing to 4 mM caused the removal to 
be decreased. production of hydroxyl radicals act a 
major role in degradation organic pollutants. In 
Photo- Fenton process, additional sources of •OH 
radicals should be considered: through photolysis of 
H2O2, reaction of (d), and through reduction of Fe3+

ions under UV light, reaction of (e). [21]

H2O2 + uv •OH + •OH (d)

Fe3+ + H2O + uv  Fe2+ + •OH + H+  (e)

As hydrogen peroxide acts as an oxidant and 
a source of producing hydrogen radicals, when its 
concentration is increased leads to more hydroxyl 
radicals which result in removal increasing. But by 
increasing peroxide more than optimal amount, it acts 
as scavenger of hydroxyl radicals. [21] Hydrogen 
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radicals reacts with H2O2 and H2O2 itself acts as 
scavenger radicals, reaction of (f). Also, hydroxyl 
radicals can be recombined together another and 
hydrogen peroxide generation which has less 
oxidation than hydroxyl radical, reaction of (g). [22, 
23] The presence of excess H2O2 can lead to the 
production of other radical (HO2, 

•O2
¯ ) with much 

less activity reaction of (h). [24]

H2O2 + •OH •HO2 + H2O (f)

OH + •OH H2O2 (g)

H2O2 + •OH •HO2 / 
•O2

¯ + •H2 (h)

Fig. 1: Removal percent of phenol based on H2O2

concentration (t= 60 min, pH= 3).

Thus, the amount of H2O2 should be 
considered not just due to optimum treatment 
efficiency but for its economical costs of the process. 
So its rate optimization for Determination optimum 
concentration is necessary. Regard to toxicity of 
phenol compounds for human and other living
organisms, if the processes is done in optimal 
condition the residual of H2O2 in treated effluent is 
negligible and dissociate in environment 
spontaneously [14, 19, 22].

Effect of Temperature

Although temperature has a positive effects 
on reaction rate Fenton and Photo- Fenton processes 
but this matter is not the subject of our study, so, as 
mentioned in material and methods section all 
experiments has been done in room temperature. In 
addition, full scale wastewater treatment is totally 
operated in ambient air temperature since artificially 
increases of wastewater temperature is not 
economically feasible [8, 11, 19, 23].

Effect of Iron Concentration

Since the amount of hydrogen peroxide 
degradation by catalyst is a very most important 
factor, to examine the effect of iron dosage on the 

processes, iron is also added at four various 
concentrations to the samples. As shown in Fig. 2, 
iron also acts like hydrogen peroxide i.e. by 
increasing its concentration, the removal percentage 
also increases but when its concentration is more than 
optimum leads to decreased removal of the process. 
Since iron play a catalyst role in the processes, 
therefore increased iron ions concentration to 
optimum level causes the hydrogen peroxide 
degradation to increase which leads to increased 
efficiency removal, but the very highest 
concentration of iron can also as scavenger hydroxyl 
radicals and causes an efficiency loss of the Fenton 
process which is due to compete between iron ions 
and organic materials in the case of an insufficient 
quantity of H2O2 added to the reactor. [25] In other 
words, the low efficiency due to limited catalytic 
action of iron ions in the presence of high 
concentrations, because the presence of excess ions 
cause their combine with •OH radicals and them out 
makes from the operate act. According to the 
following equation [23]:

Fe2+ + •OH  OH¯ + Fe3+ (i)

Fig. 2: removal percent of phenol based on Fe 
concentration (t= 60 min, pH= 3).

In low portion Fe/ H2O2 react hydroxyl 
radicals with more amounts of H2O2 and produces 
HOO• which has less activation than hydroxyl 
radicals. [26] According to the following equation:

H2O2 +
•OH  HOO• + H2O (j) 

In photo Fenton process, UV lamp provides 
photons which activate ion ferrous reproduction 
through prompt reduction of Fe3+ ions to Fe2+ and 
cause mineralization promotion process. [27] In this 
process, adding more than optimum iron salts cause 
their colors to be black browned which prevent UV 
light be absorbed and cause •OH to be recombined. 
[28] Optimizing iron concentration is not only 
considered according to improving system efficiency, 
but also is necessary according to ferric production in 
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industry at a vast scale. In fact, optimum amount 
provide necessary catalyst for hydrogen peroxide and 
produces hydroxyl radicals sufficiently.

Effect of pH 

pH is an important parameter factor for 
separating iron samples in aquatic solution as well as 
a necessary for producing hydroxyl radicals in 
Fenton, Fenton-like and Photo-Fenton processes. In 
order to survey the effect of pH on phenol removal, 
experiments were examined in 4 different pH (Fig. 3-
6). Based on our observations in performing 
experiments, the highest efficiency was obtained in 
pH 3 during the three processes (Fig.4). Removal 
efficiency in pH=2 (Fig.3) compared to other pH had 
less amount that may be due to generated oxonium 
ion [H3O2]

+ [29] In addition, the scavenging effect of 
hydroxyl radicals by hydrogen ions becomes 
important at a very low pH . [30] According to the 
following equation:

OH + H+ + e   H2O (k)

Fig. 3: removal percent of phenol in pH=2.
(H2O2=3 mM , Fe2+=0.2 mM , Fe3+ =0.1 mM).

Fig. 4: removal percent of phenol in pH=3.
(H2O2=3 mM , Fe2+=0.2 mM, Fe3+ =0.1 mM).

Fig. 5: removal percent of phenol in pH=4
(H2O2=3 mM , Fe2+=0.2 mM , Fe3+ =0.1 
mM)

Fig. 6: Removal percent of phenol in pH=5
(H2O2=3 mM, Fe2+=0.2 mM , Fe3+ =0.1 mM)

The less efficiency below pH 3.0 in Fenton 
system may be due to the formation of 
[Fe(II)(H2O)6]

2+ complex, which reacts more slowly 
with H2O2 than Fe(II)(OH)(H2O)5]+, and therefore 
produces fewer •OH. While in Fenton-like system, at 
a low pH, the reaction of Fe3+ with H2O2 is inhibited. 
But at higher pH values iron ion precipitates, 
therefore the concentration of dissolved Fe2+ or Fe3+

is decreasing. [16] In pH> 3, a significant fraction of 
Fe3+ precipitates as Fe(OH)3, hindering the reaction 
between Fe3+ and H2O2, and therefore the 
regeneration of Fe2+ . Also in high pH, H2O2 is 
rapidly degraded to H2O and O2, thus their 
concentration are decreased at solution. [16, 17]

Effect of Reaction Time

In order to examine the effect of reaction 
time on phenol degradation, experiments were carried 
out in 4 reaction times (10, 20, 30 and 60 min). As 
shown in reaction of (a) and (b), since the reaction 
rate of reaction of (b) is much slower than that of 
reaction of (a), the ferrous ion is quickly consumed, 
but slowly regenerated. But in Fenton-like system, 
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Fe2+ is slowly generated through the reduction of Fe3+

by H2O2 (reaction of (b)) and Fenton reaction is 
initiated. Therefore, the degradation of contaminant 
in Fenton-like process is slow. But it was interesting 
that the degradation of phenol compounds was 
greatly improved after an initiation period. These 
results are in agreement with other studies. [31-33] 
Since reaction time has a direct effect on the aimed 
treatment and costs (energy and chemical 
consumption) determining optimum time is 
necessary.

Conclusion

Study of Fenton, Fenton like and Photo 
Fenton advanced oxidation processes to removal of 
phenol from aqueous solution indicated that they can 
efficiently remove phenol from the solution. In 
mentioned process, oxidation concentration, catalyst, 
pH and reaction time are considered as the most 
efficient factors. Also at optimal conditions, photo 
Fenton process with removal efficiency of 97.5% has 
high efficiency compared to other two processes, 
then, Fenton like process with 82.5% efficiency 
stands at the second rank and Fenton process with 
78.7% at third. In the recent survey, optimal 
conditions were pH=3 and the ratio of Fe/ H2O2 in 
Fenton was 0.06 and in Fenton like and Photo Fenton 
was 0.03 which indicates completing of phenol 
degradation in the processes with 50% ion ferrous 
catalyst at Fenton process.

Acknowledgements

This study is derived from the results of the 
thesis of research was supported by the Kashan 
University of  Medical Science in the School of 
Public Health (project No. 9183). Thereby the 
Students Research Committee and the Research 
Council of Kashan University of Medical Science is 
acknowledgments for financial support of our study.

References

1. M. Shourian, K. Akbari Noghabi, H. Shahbani 
Zahiri, T. Bagheri, G. Karballaei, M. Mollaei, et 
al., Efficient phenol degradation by a newly 
characterized Pseudomonas sp. SA01 isolated 
from pharmaceutical wastewaters, Desalination., 
246, 577-94 (2009).

2. D. Yingxun, ZY. Minghua and L. Lei, Role of 
the intermediates in the degradation of phenolic 
compounds by Fenton-like process, J. Hazard. 
Mater., 136, 859 (2006).

3. M. Afzal, S. Iqbal, S. Rauf and Z. M. Khalid, 
Characteristics of  phenol biodegradation in 

saline solutions by monocultures of 
Pseudomonas aeruginosa and Pseudomonas 
pseudomallei, J. Hazard. Mater., 149, 60 
(2007).

4. I. C. McCall, A. Betanzos, D. A. Weber, P. 
Nava, G. W. Miller and C. A. Parkos, Effects of 
phenol on barrier function of a human intestinal 
epithelial cell line correlate with altered tight 
junction protein localization, Toxicol. Applie.
Pharmacol., 241, 61 (2009).

5. G. Tziotzios, M. Teliou, V. Kaltsouni, G. 
Lyberatos and D. V. Vayenas, Biological phenol 
removal using suspended growth and packed 
bed reactors, Biochem. Eng. J., 26, 65 (2005).

6. V. Arutchelvan, V. Kanakasabai, R. Elangovan, 
S. Nagarajan and V. Muralikrishnan, Kinetics 
of high strength phenol degradation using 
Bacillus brevis, J. Hazard. Mater., 129, 216 
(2006).

7. C. Kinsley and J. A. Nicell, Treatment of 
aqueous phenol with soybean peroxidase in the 
presence of polyethylene glycol, Bioresour. 
Technol., 73, 139 (2000).

8. V. Arutchelvan, V. Kanakasabai, S. Nagarajan 
and V. Muralikrishnan, Isolation and 
identification of novel high strength phenol 
degrading bacterial strains from phenol-
formaldehyde resin manufacturing industrial 
wastewater,  J. Hazard. Mater., 127, 238 (2005).

9. A. Goi and M. Trapido, Comparison of 
Advanced Oxidation Processes for the 
Destruction of 2,4Dinitrophenol,  Proc Estonian 
Acad Sci Chem., 50, 5 (2001).

10. D. Hermosillaa, M. Cortijo and C. P. Huangc, 
The role of iron on the degradation and 
mineralization of organic compounds using 
conventional Fenton and photo-Fenton 
processes,  Chem. Eng. J., 155, 637 (2009).

11. D. H. Han, S. Y. Cha and H. Y. Yang, 
Improvement of  oxidative decomposition of 
aqueous phenol by microwave irradiation in 
UV/H2O2 process and kinetic study, Water 
Res., 38, 2782 (2004).

12. S. Mortazavi, A. Sabzali and A. Rezaee, 
Sequence-Fenton Reaction for Decreasing 
Phenol Formation during Benzene Chemical 
Conversion in Aqueous Solutions,  Iranian J 
Env Health Sci Eng., 2, 62 (2005).

13. E. Argun, S. Dursu, M. Karatas and M. Guru, 
Activation of pine cone using Fenton oxidation 
for Cd(II) and Pb(II) removal, Bioresour. 
Technol., 99, 8691 (2008).

14. C. Hsueh, Y. Huang, C. Wang and C. Chen, 
Degradation of azo dyes using low iron 
concentration of  Fenton and Fenton-like 
system,  Chemosphere., 58, 1409 (2005).



Mohamadreza Rezaee Mofrad et al.,         J.Chem.Soc.Pak., Vol. 37, No. 02, 2015 271

15. C. L. Chu, T. Hu, S. L. Wu, Y. S. Dong, L. H. 
Yin, Y. P. Pu, P. H. Lin, C. L. Chung, K.W.K. 
Yeung and P. K. Chu, Surface structure and 
properties of  biomedical NiTi shape memory 
alloy after Fenton’s oxidation, Acta. Biomater., 
3, 795 (2007).

16. F. Fu, Q. Wang and B. Tang, Fenton and 
Fenton-like reaction followed by hydroxide 
precipitation in the removal of Ni(II) from 
NiEDTA wastewater: A comparative study, 
Chem. Eng. J., 155, 769 (2009).

17. L. Martinez Nieto, G. Hodaifa, S. Rodriguez, J. 
Giméneza and J. Ochandoa, Degradation of 
organic matter in olive-oil mill wastewater 
through homogeneous Fenton-like reaction, 
Chem. Eng. J., 173, 503 (2011).

18. A. R. Khataee, V. Vatanpour and A. R. Amani 
Ghadim, Decolorization of C.I. Acid Blue 9 
solution by UV/Nano-TiO2, Fenton, Fenton-
like, electro-Fenton and electrocoagulation 
processes: A comparative study, J. Hazard. 
Mater., 161, 1225 (2009).

19. Y. Du, L. Zhao and Y. Su, Tantalum 
(oxy)nitrides: Preparation, characterisation and 
enhancement of photo-Fenton-like degradation 
of atrazine under visible light,  J. Hazard. 
Mater., 195, 291 (2011).

20. L. S. Clesceri, A. E. Greenberg and A. D. Eaton,
Standard Method for the Examination of Water 
and Wastewater, 21th  ed. Washington DC 
(2005).

21. I. T. Peternel, N. Koprivanac, A. M. Lonˇcari´c 
Boˇzi´c and H. M. Kuˇsi´c, Comparative study 
of UV/TiO2, UV/ZnO and photo-Fenton 
processes for the organic reactive dye 
degradation in aqueous solution, J. Hazard. 
Mater., 148, 477 (2007).

22. A. Babuponnusami and K. Muthukumar, 
Removal Of Phenol By Heterogeneous Photo 
Electro Fenton-Like Process Using Nano-Zero 
Valent Iron, Sep. Purif. Technol., 98, 130 
(2012).

23. O. B. Ayodele, J. K. Lim and B. H. Hameed, 
Degradation of phenol in photo-Fenton process

by phosphoric acid modified kaolin supported 
ferric-oxalate catalyst: Optimization and kinetic 
modeling, Chem. Eng. J., 197, 181 (2012).

24. L. Xu and J. Wang, A heterogeneous Fenton-
like system with nanoparticulate zero-valent iron 
for removal of 4-chloro-3-methyl phenol, J.
Hazard. Mater., 186, 256 (2011).

25. R. F. F. Pontesa, J. E. F. Moraes, A. Machulek 
Jr and J. M. Pintoa, A mechanistic kinetic model 
for phenol degradation by the Fenton process, J. 
Hazard. Mater., 176, 402 (2010).

26. P. Miretzky and C. Muñoz, Enhanced metal 
removal from aqueous solution by Fenton 
activated macrophyte biomass, Desalination.,
271, 20 (2011).

27. O. Abbas, C. Rebufa, N. Dupuy and J. Kister, 
FTIR-Multivariate curve resolution monitoring 
of photo-Fenton degradation of phenolic 
aqueous solutions Comparison with HPLC as a 
reference method, Talanta., 77, 200 (2008).

28. M. Y. Ghaly, G. Hartel, R. Mayer and H. 
Roland, Photochemical oxidation of p-
chlorophenol by UV/H2O2 and photo-Fenton 
process. A comparative study, Waste Manag., 
21, 41 (2001).

29. I. Gulkaya, G. A. Surucu and F. B. Dilek, 
Importance of H2O2/Fe2+ ratio in Fenton’s 
treatment of a carpet dyeing wastewater, J. 
Hazard. Mater., 136, 763 (2006).

30. H. Zhang, H. Fu and D. Zhang, Acid Orange 7 
by ultrasound enhanced heterogeneous Fenton-
like process,  J. Hazard. Mater., 172, 654 
(2009).

31. B. Iurascu, I. Siminiceanu, D. Vione, M. A. 
Vicente and A. Gil, Phenol degradation in water 
through a heterogeneous photo-Fenton process 
catalyzed by Fe-treated laponite, Water Res., 43, 
1313 (2009).

32. X. Liu, M. Qiu and C. Huanga, Degradation of 
the Reactive Black 5 by Fenton and Fentonlike 
system,  Procedia Eng., 15, 4835 (2011).

33. R. R. Navarro, H. Ichikawa and K. Tatsumi, 
Ferrite formation from photo-Fenton treated 
wastewater, Chemosphere., 80, 404 (2010).


