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ABSTRACT 

Phenol is one of the serious pollutants from the chemical and petrochemical industries. This pollutant due to its 

convoluted structure is resistant to biodegradation. One of the methods that are useful to remove this pollutant is 

advanced oxidation (AOP.) 

A laboratory scale study was done on a synthetic wastewater containing phenol. All experiments were done in batch 

conditions and effect of variables pH, amount of hydrogen peroxide, iron dosage, contact time and an initial 

concentration on the phenol removal were tested. The remaining phenol concentration was evaluated using the DR-

5000 device. In order to effect of these parameters, the experiment was performance at pH 2 to 6, 5 to 45 ml/ml of 

peroxide, and time of 5 to 60 minutes with 2 to 15 g/ml iron (Fe˚). 

The optimum pH, the ratio of hydrogen, Fe˚and time were 3, 15 ml, 8g and 5 minutes respectively. Chemical 

oxygen demand (COD) index was chosen as the parameter for evaluation in this study. Result showed that 

mineralization of phenol was not complete. The COD removal efficiency was obtained 71%. 

According to the results of this study, Fenton-like process can be used for conversion organic resistant compounds 

to other compounds with lower toxicity. 
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INTRODUCTION 

Phenol and its derivatives are aromatic and toxic 

compounds to the environment, aquatic organisms 

and human life. This organic substance is a priority 

pollutant in EPA list and its concentration in drinking 

water should not surpass the order of µg/L [1]. 

Phenolic combinations are generated in the oil 

refineries, pulp and paper, pharmaceutical, pesticide 

industries and by several other chemical plants [2]. 

Widely Technologies used for the removal of phenol 

such as biological methods [3], the manufacture of 

dyes and plastic [4], adsorption [5] and wet oxidation 

[6]. Also, advanced oxidation processes (AOPs) such 

as Fenton and Fenton-like [7] is successfully used for 

the removal of this compound. Fenton or Fenton-like 

is solutions of Fe
2+

/H2O2 or Fe
3+

 /H2O2 [8]. The 

Fenton process is a catalytic procedure for the 

generation of hydroxyl radicals. Fenton and Fenton-

like processes are based on electron transmission 

between hydrogen peroxide (H2O2) and a metallic ion 

(Fe
2+

) [9]. These ions are expected to be very stable 

in an acid environment. Because of the oxidation 

reactions with H2O2 are not possible for high 

concentration of pollutants due to its low reaction 

rate at passable H2O2 concentration. Hence, transition 

metal salts such as ferrous ions are imperative to 

activate break up of H2O2 to produce reactive radicals 

responsible for compound demolition [10]. Usually, 

when these compounds are added to the aqueous 

solution a redox reaction will occur [11]. Hydroxyl 

radical can attack and demolish the phenol. A 

complex redox reaction will occur as in: 

 

Fe
2+

 + H2O2 → Fe
3+

 + OH° + OH
- 

OH° + H2O2 → H2O + HO
°2

 

 Fe
3+

 + HO
°2

 → Fe
2+

 + H
+
 + O2 

Fe
2+

 + HO
°2

 → Fe
3+

 + HO
2-

 

Fe
3+

 + OH
- 
→Fe

2+
 + OH° 

 RHX + OH° → X- + oxidation products 

(CO2 + H2O) 
 

Fenton processes have several significant advantages 

such as the generation of hydrogen radical (which is 

strong oxidant), short reaction time, iron and H2O2 

are inexpensive, and also their action is easily to 

operate [11]. The Fe˚/H2O2 treatment process not 

only leads to oxidation but also to coagulation by the 

formation of Fe (OH) 3. In a Fe˚/H2O2 process, 

chemical coagulation acts as a refining step after 

Fe˚/H2O2 oxidation. In this research, Fenton-like 

oxidation process was done on water and effects of 

important variables such as H2O2 and Fe˚dosage, pH 
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and reaction time in this process on phenol removal 

were examined.  

 

MATERIALS AND METHODS 

Chemicals 
Phenol (with purity 99%) dissolved in distilled water 

and stored in dingy bottle. Hydrogen peroxide (30%, 

w/v), ferrous sulfate heptahydrate and other reagents 

were obtained from Merck Germany. All the 

experiments were performed at room temperature . 

Fenton-like experiments 
Fenton’s reagent is a composite of Hydrogen 

peroxide and ferrous ion. Because H2O2 is a weak 

acid can be oxidized organic compounds. 

Nonetheless, for suitable performance, metal ions are 

needful to activation of H2O2 to generate reactive 

radicals. 

Fenton process was carried  out at room temperature 

(32 ± 2
°C

) using various iron powder (Fe˚) and 

Hydrogen peroxide(35%, w/w) dosages at various pH 

values  in order to assess optimum values to yield 

better results in COD and phenol removal. During the 

determination of optimum pH value, Fe powder 

dosages and H2O2 concentrations were fixed at 

constant value . 

Determination of the optimal pH for this reaction was 

experimented with pH values ranging from 1 to 6 by 

adding 0.1 M NaOH or 0.1 M HNO3. After we 

determined the optimal pH, we only used one pH 

value in all subsequent experiments. Also, for other 

variables (H2O2 concentration, iron powder, contact 

time) used this way. 

After each step, the samples were centrifuged at 

3,000rpm (for 3min) and the residual phenol amount 

was determined by the 5530 D method mentioned in 

the Standard Method at 500nm, using a 

spectrophotometer . 

Finally, the phenol concentration was calculated 

using: 

 

Phenol mg/L = C× D × 1000/E × B 
 

Where C: mg standard phenol solution, D: sample 

absorbed sorbent, E: absorbed standard phenol 

solution, B: applied milliliters for main sample 

 

RESULTS AND DISCUSSION 

Effect of pH 

The pH is a key variable that controlled the Fenton 

reagent. The solution pH directly and indirectly 

affects to production of hydroxyl radicals and organic 

oxidation. This parameter is an agent for the activity 

of Hydrogen and hydroxyl ions present in the 

aqueous solution. According to the results, the 

maximum efficiency for phenol removal was 

achieved in pH = 3. Fenton’s reaction will be 

impeded at upper pH values (e.g., pH> 4) due to the 

creation of Fe2+complexes, sedimentation of iron 

oxyhydroxides, and decreased oxidation potential of 

OH
○
. In other words, presence of this HO0 is able to 

exchange phenol into hydroquinone and catechol. 

Therefore, at high pH values, Fe ions settled at the 

beginning of the reaction. Thus, the system requires 

suitable condition for stable production of OH 

radicals [12, 13]. In other hands, the low efficiency at 

pH <2 could be ascribed to the permanency of H2O2 

via the creation of oxonimum ion H3O
2+

, reducing its 

reactivity with ferrous ion [14]. Also, in these pH 

values the snatching effect of H+ towards OH 

becomes more visible. 

 
Fig.1: Effect of initial pH on the phenol removal efficiency 

(phenol concentration=20 mg/L, t=5-20 min, H2O2 

concentration= 15 cc, Fe dose= 4g) 

 

Effect of H2O2 Concentration 

Experiments were performed at a pH of 3.0using the 

batch dosing mode. It is found from Fig. 2. that the 

concentrations of phenol decrease with an increase of 

H2O2concentration to 15cc. This increase in 

efficiency is due to the availability of sufficiency 

HO
o
 radical required for the degradation. Maximum 

phenol degradation of 95% was observed for Fenton 

process with 15 mL of H2O2. More phenol 

degradation is due to the addition of hydroxyl 

radicals. During this process, by increasing of H2O2 

concentration, highest amount of Fe2+ions will react 

with H2O2 to generate a further amount of hydroxyl 

radicals. However, scavenging effect of H2O2 

towards HO
o
 occurs at higher concentrations, but 

when hydrogen peroxide concentration exceeded the 

optimum amount, the phenol concentration increase 
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[7]. This decrease in efficiency can be explained by 

the reaction of hydroxyl radicals and hydrogen 

peroxide and mixture hydroxyl radicals to compose 

H2O2 [15]. Also in this reaction, HOO
o
 radicals will 

be generated that are substantially less reactive than 

HO
o
 radicals. Thus reduces the reaction rate. 

Therefore, 15 mL of hydrogen peroxide 

concentration was determined as the optimum value 

for phenol degradation . 

 
Fig.2: Effect of H2O2 on the phenol removal efficiency 

(phenol concentration =20 mg/L, t=5-20 min, pH=3, Fe 

dose= 4g/l) 

Effect of  Fe˚ dosage 
Aqueous solution having an initial concentration of 

phenol 20 mg/L done by Fenton-like process with Fe˚ 

dosage ranging from 2 to 15 g/ml,  the 

H2O2concentration 15 mg/L at pH 3. Fig. 3 shows 

that the phenol degradation increased with the 

increasing dosage of iron ion   ,and further increasing 

Fe dosage   could not notice able raise the removal of 

phenol. This was due to the presence of higher 

amounts of ferrous ions and reactions between iron 

and intermediates (hydroquinone and catechol) of 

degradation in the Fenton reaction [12, 13, 16]. 

Also, the amount of the phenol degradation at 

definite intervals of time was monitored. Figures 1 to 

3 indicate that, with the increase in time, degradation 

efficiency of the phenol slightly increases. It can be 

seen that the degradation efficiency initially 

increased rapidly, and the equilibrium value was 

obtained in 5 min. Also, after 5 minutes, HO
o
 values 

drastically reduced and more iron ions and H2O2 are 

consumed. Thus, there isn’t a significant change in 

removal efficiency [16, 17]. 

Effect of phenol initial concentration 

Fig. 5 shows the effect of the initial concentration of 

phenol in efficiency, it is intelligible that increases of 

initial concentration don’t have eidetic effect in 

removal efficiency. At low initial concentration, 

degradation efficiency is some deal further than the 

higher concentration. It can be derived that removal 

is partly favored at lower phenol concentration [7]. In 

low concentrations, removal is a little more   

Destruction efficiency is somewhat higher than the 

concentrations  

 
Fig3: Effect of Fe powder on the phenol removal efficiency 

(phenol concentration=20 mg/L, t=5-20 min, pH= 3) 

 
Fig.4: Effect of phenol concentration on the removal 

efficiency (H2O2 value=15cc, t=5 min) 2.7 COD 

Fig. 5 exhibits changes in COD during Fenton 

process ¬for phenol degradation.COD parameter was 

measured with HACH COD ampoules with the 

colorimetric method. Finally, according to the figure 
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5, with the high phenol removal, the removal 

efficiency of COD was about 71%; this indicates 

incomplete mineralization of organic compounds. 

Therefore, advanced oxidation processes will not be 

completely converted organic compounds into 

mineral compound (CO2 and H2O). Therefore, this 

process has not been able to complete mineralization 

of phenol, thus this process can be used as a pre-

treatment process for the removal of phenol. 

   
Fig.5: COD removal rate in optimal conditions for phenol 

 

CONCLUSION 
The effectiveness of the Fe˚/H2O2 for the degradation 

of phenol in aqueous solutions was investigated. The 

results corroborate that Fe˚ can be used as a 

heterogeneous catalyst for the activation of H2O2 in 

the process. The results display that a Fenton reagent 

in the presence of iron powder (Fe˚) is cost-effective 

(since the iron powder can be obtained as discard 

material); and easy to operate. Based on the results 

obtained, the optimal conditions for the Fenton-like 

process were determined to be [Fe˚] = 8 g, [H2O2] = 

15 ml, and pH = 3.0. The Fenton-like process showed 

95% removal efficiency under the selected 

conditions. 
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