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ABSTRACT: This study investigates the degradation of sodium dodecylbenzenesulfonate (SDBS) 

in aqueous solution by Fenton-like oxidation process. The effects of different parameters such as 

concentrations of ferric chloride and hydrogen peroxide, pH and reaction time on the SDBS 

removal and Chemical Oxygen Demand (COD) reduction were evaluated. Response Surface 

Methodology (RSM) with Central Composite Design (CCD) was used to study and optimize  

the oxidation process. A quadratic polynomial equation could accurately model the SDBS removal with 

an R2 of 0.98. The results showed that pH and time were the most significant parameters affecting 

SDBS removal and COD reduction, respectively. A high SDBS (90.5%) and COD (70.7%) reduction 

efficiency was obtained at the optimal conditions of 60 min, pH 4 and 8.82 mM of H2O2 and 

3.67mM of Fe+3. In this work, the effects of some organic compounds on the degradation of SDBS 

by Fenton-like process were examined. The results showed that 50 mgL-1of oxalic acid slightly 

enhanced the SDBS degradation efficiency while acetic acid and Ethylenediaminetetraacetic acid (EDTA) 

reduced it. 
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INTRODUCTION 

Surfactants are surface-active chemicals used in high 

volumes in the formulation of detergents, household 

cleaning and personal care products [1]. They are also 

widely used in the oil, textile, food, pharmaceuticals, 

paints, polymers, pulp and paper, fibbers, electroplating  

 

 

 

and mining industries [2]. Based on their ionic nature, 

surfactants are divided into four categories namely, 

anionic, cationic, nonionic and amphoteric [1,3]. Anionic 

surfactants are the major class used in detergent 

formulations, and hence the most frequently detected  
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surfactants in urban wastewaters [1]. The presence of 

surfactants in the aquatic environments could seriously 

affect the ecosystem [4]. The toxicity of surfactants  

to various organisms such as algae, invertebrate and fish 

is well documented [4]. Surfactants are also responsible 

for causing foams and reducing the quality of water. 

These foams are possible habitat for disinfectant-resistant 

bacteria and therefore affect the human health when 

arrive into drinking water [5]. In addition, the use of 

water polluted by surfactants as the source of irrigation 

leads to groundwater contamination, generates soil 

depletion, and adversely affects plant growth [5]. 

Biological treatment, either aerobic or anaerobic, is the 

dominant conventional treatment process for surfactants 

discharged into water bodies. However, at high surfactant 

concentrations, >50 mg/L, biodegradation may be 

restricted and even inhibited [6]. Therefore, exploring the 

potential of alternative advanced treatment techniques 

would be of great interest. 

Fenton oxidation is a proven and effective technology 

for degradation of a large number of hazardous organic 

pollutants [7].The mixture of ferrous iron and hydrogen 

peroxide (Fenton’s reagent) at low enough pH, results  

in the formation of a strong oxidizing agent (hydroxyl 

radicals) that destructs organic compounds in a short 

time[8,9]. 

Besides Fenton process, Fenton-like reactions in 

which ferric ions or other transition metal ions are 

utilized have been effective at organic components 

degradation in wastewater [10,11]. Jiang et al. [12] 

studied the effect of various parameters such as H2O2 

concentration, iron dosage and pH on the phenol 

degradation in Fenton and Fenton-like reactions. The 

results of their study demonstrated that although  

the reaction mechanisms and effects of parameters were 

different, the overall degree of phenol degradation  

at the optimal conditions was equivalent for the two reactions.  

Fenton degradation of anionic surfactant linear 

alkylbenzenesulphonates (LAS) and optimization of the 

operating parameters have been reported previously [13]. 

The results showed that the degradation capacity of  

the Fenton's reagent was highly dependent on the 

concentration of H2O2 and Fe+2. The optimum 

FeSO4/H2O2 ratio obtained was higher than 1 and the 

optimum pH was around 3. Under the optimum 

conditions, the LAS surfactant removal was over 95%. 

Fenton-like agent, Fe(0)/H2O2, has been used to degrade 

the anionic surfactant, sodium dodecylbenzenesulphonate 

(SDBS). Approximately, 90% of SDBS degradation 

efficiency was accomplished at a pH range from  

3.0 to 6.5 [14]. Fenton oxidation of SDBS by ferrous sulfate 

and hydrogen peroxide was also studied by Ahmadi and 

Gorgani [15]. Initial concentration of hydrogen peroxide 

was found to be the most important parameter for 

Chemical Oxygen Demand (COD) reduction. Optimum 

condition for maximum COD reduction (38.5%) was 

obtained at pH=3.7 where the initial SDBS concentration 

was 1.68 mM and theH2O2 concentration was 2.27 mM. 

Since that Fenton and Fenton-like reactions are affected 

by several parameters such as iron and hydrogen peroxide 

concentrations, in addition to the pH of the reaction 

medium, the treatment conditions are specific  

to each case and therefore have to be carefully optimized [16]. 

Response Surface Methodology (RSM) is a set of 

mathematical and statistical techniques useful for 

analyzing the effects of several independent variables  

on the response [17]. RSM has been successfully applied 

for optimization and modeling of Fenton oxidation of 

various types of wastewater [18]. 

In the present study, the anionic surfactant SDBS  

was chosen as the model compound due to its widespread use 

in detergents and cleaning products. The potential of 

Fenton-like FeCl3/H2O2 system for mineralization of 

SDBS was evaluated. Although, Fenton-like 

Fe0/H2O2system have been used previously for 

degradation of SDBS [14], however, so far, there is  

no report on the application of FeCl3/H2O2 system for  

the treatment of wastewater containing SDBS. Furthermore, 

a detailed study aiming to evaluate the operating 

parameters involved in the Fenton-like oxidation of 

SDBS using mathematical models was not presented 

before. On the other hand, the effect of some organic 

compounds such as oxalic acid, acetic acid and 

Ethylenediaminetetraacetic acid (EDTA) on the SDBS 

removal efficiency of the Fenton-like system was studied 

for the first time.  

The aim of the present work was to investigate the 

possibility of degradation of SDBS surfactant by Fenton-

like FeCl3/H2O2 system. RSM was used to analyze  

the effect of operational parameters including pH, 

oxidation time, H2O2 and FeCl3 concentrations on the SDBS 

degradation efficiency. In this study, COD reduction 
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Table 1: Chemical properties of sodium dodecylbenzene sulfonate (SDBS) [19]. 

Formula and structure 
MW 

(g mol-1) 
Color 

Melting 

point 

Solubility in water 

(g/100ml, 25°C) 

Octanol/water 

partition 
coefficient 

CH3(CH2)11C6H4SO3Na

 

348.48 
Light 

yellow 
>300°C 20 0.45 

 

was also determined in order to explain the degradation 

of SDBS in the Fenton-like process. 

 

EXPERIMENTAL  SECTION 

Materials  

All reagents used in this work were of analytical 

grade. Sodium dodecylbenzenesulfonate (SDBS)  

was purchased from Sigma-Aldrich and used as received 

without further purification to prepare simulated 

wastewater. The chemical structure and properties of 

SDBS is presented in Table 1. Hydrogen peroxide (H2O2, 

30% w/w) and acetic acid were purchased from Merck. 

Ferric chloride (FeCl3.6H2O), oxalic acid, 

ethylenediaminetetraacetic acid disodium salt and 

calcium hydroxide were obtained from Sigma-Aldrich.  

 

Analytical methods 

The pH was measured by using a pH meter (Aqualytic 

AL15, Germany). The amount of anionic surfactant  

in each sample was determined by a UV–Vis 

spectrophotometer (Jenway 7315, UK) as the Methylene 

Blue Active Substances (MBAS) in 652 nm. The MBAS 

method is a standard method for determination of anionic 

surfactants. This method is based on the emergence of 

ionic pairs, including anionic surfactant and the cationic 

dye (methylene blue), and their transport from water 

phase to organic phase (chloroform). The analytical 

procedure is carried out with a triple extraction of the 

ionic pairs from 100 mL of a previously alkalized sample 

and measuring the absorbance of the extract [20].  

The SDBS removal percentage was calculated using  

the following equation: 

i f

i

c c
SDBS removal(%) 100

c


                                  (1) 

where Ci is the initial SDBS concentration (mg SDBS/L) 

and Cf is the final concentration (mg SDBS/L).  

Potassium dichromate analysis was utilized for 

measuring COD according to the standard methods  

for the examination of water and wastewater [21].  

COD reduction percentage was determined by the following 

equation:  

i f

i

COD COD
COD reduction (%) 100

COD


                   (2) 

where CODi and CODf are the measured COD values 

before and after the Fenton-like process, respectively.  

Fenton-like oxidation of SDBS solution with a 

concentration of 150 mg/L and COD of 456 mg/L was 

carried out in batch mode using a 500 mL jar. The 

reaction temperature was 25 ±1 °C for all experiments. 

After pH adjustment, ferric chloride and hydrogen 

peroxide were added to the reactor. During the oxidation 

process, a large amount of small flocs in the solution was 

observed. The flocs were not easy to settle out because of 

their small sizes. To rapidly remove the flocs, chemical 

coagulation is highly effective. In addition, coagulation 

can also remove dissolved iron concentration from  

the wastewater after the oxidation process. After completion 

of Fenton-like reaction, calcium hydroxide, Ca(OH)2, 

was added and the solution was stirred rapidly for 1 min. 

Then, 5 M NaOH solution was added to adjust the pH to 7-8, 

and a small amount of acrylamide-based anionic 

polyelectrolyte solution was added for flocculation. After 

that, the solution was kept undisturbed for 1 hour for 

settling of the flocs. The supernatant was analyzed for 

COD and SDBS. 

Design of experiments, statistical analysis and 

optimization  

To reduce the number of experiments and to optimize 

the treatment conditions, a Central Composite Design (CCD), 

with seven replicates at the center point was  

employed with 31experiments. All experiments were 

performed in triplicate. The variables selected for the 

Fenton-like oxidation of SDBS were pH, H2O2 and Fe3+ 
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Table 2: Range of variables for the central composite design. 

Variable  Levels  

 -1 0 1 

pH, A 3 4 5 

H2O2 (mM), B 2.95 8.82 14.70 

Fe3+ (mM), C 1.85 3.78 5.50 

Time (min), D 20 60 100 

 

concentrations and time. The range of variables and their 

levels is shown in Table 2. SDBS removal and COD 

reduction were analyzed as the responses. The employed 

design of experiments is presented in Table 3. 

For statistical calculations, the variables Xi were 

coded as χi according to the following equation: 

i 0
i

X X

X


 


                                                                 (3) 

The response could be simply related to the 

independent variables by the following quadratic 

equation: 

K K k 1 k
2 2

0 i i ij i ij i j

i 1 i 1 i 1 j 2

Y X X X X


   

                         (4) 

where Y is the response; Xi and Xj are the independent 

variables; β0 is the constant coefficient; and βi, βii, and βij 

are the interaction coefficients of linear, quadratic, and 

second-order terms, respectively. 

The results of the experimental design were analyzed 

and interpreted by Design Expert Version 6.0.6 (Stat-

Ease, Statistics Made Easy, Minneapolis, MN, USA) 

statistical software. An analysis of variance (ANOVA) 

was performed to examine whether the developed models 

were adequate to describe the observed data. 

 

RESULTS  AND  DISCUSSION 

Model fitting and ANOVA 

Design matrix of the variables along with obtained 

SDBS removal percentage is given in Table 3. Fitting of 

the data to the full quadratic multiple regression model 

and the subsequent ANOVA showed that the SDBS 

removal by Fenton-like oxidation could suitably 

described by the following equation: 

SDBS removal(%) 88.09 10.19A 0.65B                (5) 

2 21.78C 9.31D 15.97A 7.25D 3.71AB      

1.73AC 3.39AD 2.89BD    

Where A is pH, B hydrogen peroxide concentration 

(mM), C Fe3+ concentration (mM), and D the time. 

The ANOVA for the model is shown in Table 4. The 

insignificant terms were removed from the model. The  

F value of the model (103.14) with a P value less than 

0.0001 implies that the model is significant at the 95% 

confidence level. The model showed no lack of fit at the 

95% level of significance. The small P value and a very 

high coefficient of determination (R2=0.9810) also 

indicate the adequacy of the model for representing  

the real relationship among the parameters [22].  

The predicted R2 of 0.9447 is in reasonable agreement 

with the adjusted R2 of 0.9715 and thus implies that the model 

can be used to navigate the design space. 

Table 3 also presents the COD reduction percentage 

for each experiment. According to ANOVA, a quadratic 

polynomial model was statistically significant to 

represent the actual relationship between the response 

(COD reduction) and the variables, with a very small  

P value (<0.0001) and a high coefficient of determination 

(R2= 0.9744). The model also showed no lack of fit at 

95% level of significance. The equation of the model 

(based on the coded values) is as follows: 

COD reduction(%) 68.16 0.91A 1.42B                 (6) 

2 2 23.32C 8.08D 6.04A 12.14B 7.50C      

26.56D 1.84AC 4.07AD 6.61BC     

Where A is pH, B hydrogen peroxide concentration (mM), 

C Fe3+ concentration (mM), and D the time. 

 

Effect of parameters 

The significance of each parameter in the model was 

evaluated by testing the null hypothesis. If the P value 
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Table 3: Composition of various experiments of t0he CCD, and SDBS and COD reduction responses  

for the Fenton-like oxidation process. 

Exp. no. 

Variable 

SDBS Removal (%) COD Reduction (%) 
pH H2O2 (mM) Fe3+ (mM) time (min) 

1 0 0 0 0 90.46 70.66 

2 1 -1 -1 -1 40.37 35.26 

3 1 1 1 1 75.14 45.41 

4 0 0 0 0 89.59 73.48 

5 0 0 0 0 87.29 74.22 

6 -1 1 1 -1 65.18 40.15 

7 -1 -1 -1 -1 71.85 25.39 

8 0 0 0 0 88.17 70.06 

9 -1 1 -1 -1 60.35 16.54 

10 1 1 -1 -1 45.12 25.25 

11 0 0 1 0 90.20 65.63 

12 -1 -1 1 -1 79.19 20.37 

13 -1 1 -1 1 73.15 40.43 

14 1 1 -1 1 73.25 30.58 

15 1 1 1 -1 43.28 40.35 

16 0 1 0 0 84.17 55.30 

17 -1 -1 -1 1 80.41 48.49 

18 1 0 0 0 60.78 60.23 

19 1 -1 1 1 60.71 33.30 

20 0 0 0 0 92.64 68.32 

21 0 0 0 0 89.81 68.13 

22 -1 0 0 0 83.40 58.91 

23 0 0 0 1 91.25 70.51 

24 0 -1 0 0 83.24 51.64 

25 0 0 0 -1 70.38 47.60 

26 1 -1 -1 1 60.44 45.60 

27 0 0 0 0 87.29 67.55 

28 -1 -1 1 1 80.38 45.25 

29 0 0 -1 0 86.20 50.60 

30 1 -1 1 -1 40.23 25.26 

31 -1 1 1 1 88.87 62.12 
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Table 4: ANOVA for the quadratic models used for the Fenton-like oxidation process. 

Source Sum of squares Degree of freedom Mean square F value P value 

SDBS removal (%)      

Model 7689.63 10 768.96 103.14 < 0.0001 

A, pH 1869.87 1 1869.87 250.80 < 0.0001 

B, H2O2 concentration 7.59 1 7.59 1.02 0.3250 

C, Fe3+ concentration 57.03 1 57.03 7.65 0.0119 

D, time 1561.47 1 1561.47 209.43 < 0.0001 

A2 885.56 1 885.56 118.78 < 0.0001 

D2 182.39 1 182.39 24.46 < 0.0001 

AB 219.93 1 219.93 29.50 < 0.0001 

AC 47.89 1 47.89 6.42 0.0197 

AD 184.28 1 184.28 24.72 < 0.0001 

BD 133.29 1 133.29 17.88 0.0004 

Residual 149.11 20 7.46   

Lack of fit 126.91 14 9.07 2.45 0.1385 

Pure error 22.20 6 3.70   

Corrected total 7838.74 30    

COD reduction (%)      

Model 8779.64 11 798.15 65.67 < 0.0001 

A, pH 14.96 1 14.96 1.23 0.2811 

B, H2O2 concentration 36.32 1 36.32 2.99 0.1001 

C, Fe3+ concentration 198.00 1 198.00 16.29 0.0007 

D, time 1176.45 1 1176.45 96.79 < 0.0001 

A2 94.80 1 94.80 7.80 0.0116 

B2 382.72 1 382.72 31.49 < 0.0001 

C2 145.94 1 145.94 12.01 0.0026 

D2 111.64 1 111.64 9.19 0.0069 

AC 54.06 1 54.06 4.45 0.0484 

AD 264.63 1 264.63 21.77 0.0002 

BC 699.47 1 699.47 57.55 < 0.0001 

Residual 230.94 19 12.15   

Lack of fit 189.10 13 14.55 2.09 0.1879 

Pure error 41.84 6 6.97   

Corrected total 9010.58 30    
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is less than 0.05 (at 95% level of significance), the null 

hypothesis is rejected, which means that the parameter is 

significant [22]. According to ANOVA (Table 4), pH, 

time and Fe3+ concentration are the significant parameters 

in the Fenton-like oxidation and removal of SDBS, 

whereas time and Fe3+ concentration are the most 

significant parameters that affect the COD reduction. 

According to Ahmadi and Gorgani [15], H2O2 

concentration was the most significant parameter in 

Fenton oxidation of SDBS using ferrous sulfate and 

hydrogen peroxide. However, Fenton-like reactions are 

highly sensitive to pH and more dependent on iron 

dosage because of the demand of the conversion of 

Fe(III) to Fe(II) [12].The corresponding mechanism of 

Fenton-like oxidation is as follows: 

2
3 III

2 2Fe H O Fe OOH H


     
 

                      (7) 

2Fe HOO H     

2 3
2 2Fe H O Fe 2OH                                            (8) 

3 3
2 2Fe H O OH Fe HOO                              (9) 

2
2Fe H O    

According to ANOVA (Table 4), the interaction terms 

AB, AC, AD and BD are significant in the Fenton-like 

oxidation and removal of SDBS. Fig. 1a presents the 

response surface plot in a three dimensional (3D) representation 

reflecting the effects of pH and H2O2 concentration on the 

removal of SDBS. As can be seen in Table 4, pH is  

the most significant parameter (F value = 250.8) that affects 

the Fenton-like reaction. Maximum SDBS removal  

was obtained at pH = 3.6 and 8.1 mM H2O2. Increasing 

the concentration of H2O2 from 2.95 to 14.7 did not have  

a significant effect on the SDBS removal. At the optimum 

pH, by increasing H2O2 concentration from 2.95 to 8.12 

mM, SDBS removal increased slightly from 86.7 to 

90.0%, and then a decrease in the removal efficiency  

was observed by increasing H2O2 concentration to 14.7 mM. 

As it was mentioned previously, Fenton-like oxidation is 

highly pH-dependent. The pH-dependent nature of  

the Fenton-like reactions might be caused by the inhibition of 

the Fe(III)-H2O2 complex formation at extremely low pH 

according to reaction 1. In addition, Fe(III) can precipitate  

as ferric hydroxideat higher pH levels. Therefore,  

an optimum amount of pH would be favorable for  

the reaction. The results were in agreement with the 

previous studies on the Fenton-like oxidation of various 

organic compounds [23]. 

Fig. 1b depicts the 3D response surface plot regarding 

the effect of Fe3+ concentration, pH, and their interactions 

on the SDBS removal at H2O2 concentration of 8.82 mM 

and 60 min (center point of the experimental design). 

Maximum SDBS removal (93.5%) was obtained at 

pH=3.6 and 5.5 mM of Fe3+. At the optimum pH (3.6), 

SDBS removal increased as the dose of Fe(III) increased. 

According to reaction 1, a low Fe(III) dose would lead to 

a low concentration of [FeIII OOH]2+ complex. As the 

Fe(III) dose increased, the formation of the complex 

enhanced and consequently accelerated the formation of 

Fe(II) and OH• [11]. In addition, higher concentrations of 

Fe(III) ions might have been advantageous in terms of 

SDBS removal due to the post coagulation process.  

Fig. 1c shows the effect of varying pH and reaction time 

on the removal of SDBS using 3.67 mM Fe3+ and 8.82 mM 

H2O2. Finding the optimum reaction time is important  

in Fenton and Fenton-like processes. If the reaction time 

exceeds the equilibrium, the process will be no longer 

economical. The result showed that by prolonging the 

reaction time, the SDBS removal increased. At the 

optimum pH, the equilibrium time was obtained at 60 min. 

The SDBS removal percentage increased from 75.7 to 

90.0% by increasing the time from 20 to 60 min. After 

the equilibrium time, the SDBS removal did not change 

significantly. The equilibrium time is probably attributed 

to the recalcitrant nature of the oxidation by-products, 

which cannot undergo further degradation by hydroxyl 

radicals. 

The effect of varying time and H2O2 concentration  

is shown in Fig. 1d. The main chemical cost of 

Fenton/Fenton like reagent is the cost of H2O2. Therefore, 

it is important to optimize the amount of H2O2 in the 

process. At pH=4 (center point of the design), 90% SDBS 

removal was obtained at 69 min and H2O2 concentration 

of 11.6 mM. A slight decrease was observed by increasing 

the H2O2 concentration from 11.6 to 14.7 mM. By 

increasing the H2O2 concentration, the H2O2 decomposition 

increases until an optimal H2O2 concentration is achieved. 

When the H2O2 concentration exceeds the optimal 

concentration, the decomposition of H2O2 decreases  

as a result of the scavenging effect and regeneration of H2O2 

according to the following reactions [12]: 
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Fig. 1: Response surface plots showing the interaction between two parameters, pH and H2O2 concentration (a), pH and Fe3+ 

concentration (b), pH and time (c) and time and H2O2 concentration (d) on the SDBS removal percentage. Other variables are 

constant at their center points. 

 

2 2 2H O OH HOO H O                                        (10) 

2 2 2HOO HOO H O O                                        (11) 

2 2OH OH H O                                                      (12)  

In addition, due to decomposition of H2O2 and 

generation of hydrogen gas, application of H2O2 more 

than the optimal value can cause flotation of generated 

iron sludge [24]. 

According to ANOVA, the interaction terms AC, AD 

and BC are significant in the reduction of COD. Fig. 2a 

presents the effects of pH and Fe3+ concentration on the 

COD reduction. Maximum COD reduction was achieved 

at the pH range of 3.6-4.1 and Fe3+ concentration of 4.07 mM. 

According to the results, an optimum amount of  

Fe3+was required for the efficient reduction of COD, 

However, the SDBS removal percentage was increased 

by increasing the concentration of Fe3+ at the optimum pH. 

By increasing the amount of Fe3+ ions, decomposition  

of the anionic surfactant molecules will be enhanced. 

However, a high dosage of iron ions can scavenge 

thehydroxyl/hydroperoxyl radicals according  

to Reaction 3, which decreases the complete mineralization 

of the surfactant molecules and reduction of COD [17].  
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Fig. 2: Response surface plots showing the interaction 

between two parameters, pH and Fe3+ concentration (a), pH 

and time (b) and Fe3+ and H2O2 concentrations (d) on the 

COD reduction percentage. Other variables are constant at 

their center points. 

Fig. 2b represents the effect of varying pH and 

reaction time on the COD reduction. The effects of pH 

and reaction time were similar to those obtained for 

SDBS removal. Maximum COD reduction was observed 

at pH=3.6. The predominant soluble ferric iron species  

in the pH range of 3-4 is hydrated ferric iron complex 

([Fe(OH)(H2O)5]2+). At pH<3, the efficiency of the 

process would be low due to the formation of 

[Fe(III)(H2O)6]3+ complex, which reacts more slowly 

with H2O2 than [Fe(OH)(H2O)5]2+and therefore produces 

lower hydroxyl radicals. In addition, at pH<3, OH 

radicals can be consumed by the scavenging effects of H+ 

according to the following equation [25]: 

2OH H e H O                                                    (13) 

On the other hand, if the solution pH is too high, the 

iron precipitates in the form of Fe(OH)3 which 

catalytically decomposes the H2O2 into molecular 

oxygen, without forming hydroxyl radicals. 

The effect of Fe3+ and H2O2 concentrations on the 

COD reduction is presented in Fig. 2c. The interaction of 

Fe3+ and H2O2 concentrations was highly significant. 

Maximum COD reduction (68.7%) was obtained at H2O2 

concentration of 9.55 mM and Fe3+ concentration of 4.21 mM 

when pH and time were set at their center points. 

Determination of the optimum amount of iron and 

hydrogen peroxide is highly important in Fenton/Fenton-

like processes since these reagents affect the operation 

cost as well as efficiency. Increasing the H2O2 

concentration leads to increase in the concentration of 

hydroxyl radicals and hence increase in the COD 

reduction. However, excessive amount of H2O2 has 

adverse effects on the removal efficiency due to the 

hydroxyl radical scavenging effect and the recombination 

of hydroxyl radicals according to Equations 10-12.  

A high dosage of Fe3+ more than an optimum value  

can scavenge the hydroxyl/hydroperoxyl radicals according  

to Reaction 3. 

The optimal conditions were determined using  

the ridge maximum analysis and the canonical analysis. 

The maximum SDBS and COD reduction (93.3 and 70.6%, 

respectively) was predicted under treatment conditions of 

pH 3.7, H2O2 9.16 mM, Fe3+ 4.77 mM and 78 min. The 

actual experimental values obtained were 92.5% with 

0.8% deviation for SDBS removal and 71.1% with 0.5% 

deviation for COD reduction. According to the 
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Fig. 3: Effect of different organic compounds on the removal of SDBS (a) and COD (b) (pH= 4, Fe3+ = 3.78 mM,  

H2O2 = 8.82 mM, time = 60 min). 

 

experiments conducted, experiment no.1 with treatment 

conditions of pH 4, H2O2 8.82 mM, Fe3+ 3.67 mM and  

60 min seems to be a better optimum condition with a 

shorter reaction time and minimum amount of H2O2 and 

Fe3+. At this condition, SDBS and COD reduction were 

90.5 and 70.7%, respectively. 

 

Effect of organic compounds on the removal efficiency 

One of the major concerns of the application of 

Fenton/Fenton-like processes is the interference of 

chemical species available in the wastewater or formed as 

intermediates during degradation of organic pollutants. 

Interference of inorganic ions on phenol degradation by 

Fenton reaction has been studied by Friedrich et al. [26]. 

deLuna et al. [27] studied the effect of organic acids on 

the degradation of acetaminophen molecules in the Fenton 

process. Iron solubility, redox potentials and concentration of 

Fe2+ and Fe3+ are dependent on the ligands that coordinate 

iron. Strong iron chelators can inhibit the formation of 

hydroxyl radicals due to the absence of accessible 

coordination sites for H2O2 to bind to [26]. 

In this study, the effects of three organic compounds 

including oxalic acid (dicarboxylic acid), acetic acid 

(simplest carboxylic acid) and EDTA on the SDBS and 

COD reduction efficiency of Fenton-like oxidation 

process have been investigated. The experiments were 

performed at the conditions that maximum reduction of 

SDBS and COD were obtained (i.e., 92.6 and 74.2%, 

respectively). The results are presented in Figs. 3a and b. 

The removal efficiency of Fenton-like oxidation in the 

presence of oxalate is greater than the other two organic 

compounds. By addition of 50 mg/L oxalate, the SDBS 

removal efficiency increased from 92.6 to 95.7% and 

COD reduction increased from 74.2 to 83.5%. In Fenton-

like reactions the effects of carboxylic acids on the 

generation of hydroxyl radicals correspond to the changes 

in Fe2+ concentration. According to Baba et al. [28], 

addition of oxalic acid accelerates the rate of iron redox 

cycle. The formation of Fe (II)-oxalic acid complex leads 

to the enhancement of the OH radical generation in  

the Fenton reaction. In the present study, further increase 

in oxalate concentration (>50 mgL-1) lead to decrease in the 

removal efficiency. This can be attributed to the radical 

scavenging effect of oxalate at higher concentrations. 

Addition of 25 mg/L EDTA and acetic acid leads  

to a decrease in the removal efficiency. By increasing  

the EDTA and acetic acid concentration up to 100 mg/L, 

the removal efficiency increased gradually. However, 

maximum SDBS removal and COD reduction  

was observed in the absence of EDTA and acetic acid.  

Low-molecular organic acids such as acetic acid can 

affect the mechanism and efficiency of the Fenton 

process [29]. The results showed that acetic acid acted  

as a hydroxyl radical scavenger and inhibited the complete 

mineralization of organic pollutants. The removal 

efficiency depends on the concentration of the acid and 

the initial composition of the wastewater. Whebi et al. [30] 

reported that degradation of methyl red dye by  

Fenton’s reagent decreased with increase in EDTA 

concentration. Fe(II) and Fe(III) forms very stable 

complexes with EDTA which inhibits the formation of 

hydroxyl radicals. 
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CONCLUSIONS 

Mineralization of sodium dodecylbenzenesulfonate 

(SDBS) was successfully performed by Fenton-like 

process using FeCl3/H2O2 system. Response surface 

methodology and central composite design were 

effectively applied to the modeling and optimization of 

the four main reaction parameters. The result of ANOVA 

showed that the developed model was highly significant 

and could be used to predict the SDBS removal from  

the initial experimental conditions. Over 90% of SDBS 

was removed within 60 min at pH 4.0, and H2O2/Fe3+ molar 

ratio of 2.4. The results showed that the reaction was 

highly sensitive to pH, in terms of SDBS removal, and 

dependent on Fe3+ dosage and oxidation time. 

Investigating the effect of some organic compounds  

on the degradation of SDBS showed that an optimal value of 

oxalic acid (50 mg/L) could increase the removal up to 

95.7%.Optimization of the Fenton-like process makes 

this technology a cost-effective and suitable option in 

treating surfactant-contaminated wastewaters. 

 

Received : Nov. 26, 2015  ;  Accepted : Apr. 19, 2016 

 

REFERENCES 

[1] Duarte I.C.S., Oliveira L.L., Mayor M.S., Okada D.Y., 

Varesche M.B.A., Degradation of Detergent (Linear 

Alkylbenzene Sulfonate) in an Anaerobic Stirred 

Sequencing-Batch Reactor Containing Granular 

Biomass, Int. Biodeterior. Biodegrad., 64(2): 129-

134 (2010). 

[2] Jadval Ghadam A.G., Idrees M., Characterization of 

CaCO3 Nanoparticles Synthesized by Reverse 

Microemulsion Technique in Different Concentrations 

of Surfactants, Iran. J. Chem. Chem. Eng.(IJCCE), 

32 (3): 27-35 (2013).  

[3] Aygun A., Yilmaz T., Improvement of Coagulation-

Flocculation Process for Treatment of Detergent 

Wastewaters Using Coagulant Aids, Int. J. Chem. 

Env. Eng., 1 (2): 97-101 (2010). 

[4] Ivanković T., Hrenović J., Surfactants in the 

Environment, Arh. Hig. Rada. Toksikol., 61 (1): 95-

110 (2010). 

[5] Borghi C.C., Fabbri M., Fiorini M., Mancini M., 

Ribani P.L., Magnetic Removal of Surfactants from 

Wastewater Using Micrometric Iron Oxide Powders, 

Sep. Purif. Technol., 83: 180-188 (2011). 

[6] Rivera-Utrilla J., Bautista-Tole M.I., Sanchez-Polo M., 

Mendez-Dıaz J.D., Removal of Surfactant 

Dodecylbenzenesulfonate by Consecutive Use of 

Ozonation and Biodegradation, Eng. Life Sci., 12(1): 

113-116 (2012). 

[7] Li S., Zhang G., Wang P., Zheng H., Zheng Y., Microwave 

-Enhanced Mn-Fenton Process for the Removal of 

BPA in Water, Chem. Eng. J., 294: 371-379 (2016).  

[8] Apollo S., Onyongo M.S., Ochieng A., 

UV/H2O2/TiO2/Zeolite Hybrid System for Treatment 

of Molasses Wastewater, Iran. J. Chem. Chem. 

Eng.(IJCCE), 33 (2): 107-117 (2014).   

[9] Wang N., Zheng T., Zhang G., Wang P., A Review on 

Fenton-Like Processes for Organic Wwastewater 

Treatment, J. Env. Chem. Eng., 4 (1): 762-787 (2016).  

[10] Abou-Gamra Z.M., Kinetic and Thermodynamic 

Study for Fenton-Like Oxidation of Amaranth Red 

Dye, Adv. Chem. Eng. Sci., 4: 285-291 (2014). 

[11] Lu M., Zhang Z., Qiao W., Wei X., Guan Y., Ma Q., 

Guan Y., Remediation of Petroleum-Contaminated 

Soil After Composting by Sequential Treatment with 

Fenton-Like Oxidation and Biodegradation, 

Bioresour. Technol., 101 (7): 2106-2113 (2010). 

[12] Jiang C., Pang S., Ouyang F., Ma J., Jiang J., A New 

Insight Into Fenton and Fenton-Llike Processes for 

Water Treatment, J. Hazard. Mater., 174 (1-3): 813-

817 (2010). 

[13] Mousavi S.A.R, Mahvi A.H, Nasseri S., Ghafari Sh., 

Effect of Fenton Process (H2O2/ Fe2+) on Removal of 

Linear Alkylbezenesulfonate Using Central Composite, 

Iran. J. Environ. Health Sci. Eng., 8 (2): 129-38 (2011). 

[14] Zhu S.N., Wang C., Yip A.C., Tsang D.C., Highly 

Effective Degradation of Sodium 

Dodecylbenzenesulphonate and Synthetic Grey 

Water by Fenton-Like Reaction Over Zero Valent 

Iron-Based Catalyst, Environ. Technol., 36 (11): 

1423-1432 (2015). 

[15] Ahmadi M., Gorgani S., Empirical Modeling of 

Fenton Advanced Oxidation Processes for the 

Degradation of Linear Alkylbenzene Sulfonates, 

Chem. Mater. Eng., 2 (3): 87-91 (2014). 

[16] Zhu X., Tian J., Liu R., Chen L., Optimization of 

Fenton and Electro-Fenton Oxidation of Biologically 

Treated Coking Wastewater Using Response Surface 

Methodology, Sep. Purif. Technol., 81 (3): 444-450 

(2011). 

http://www.sciencedirect.com/science/article/pii/S0964830509002030
http://www.sciencedirect.com/science/article/pii/S0964830509002030
http://www.sciencedirect.com/science/article/pii/S0964830509002030
http://www.sciencedirect.com/science/article/pii/S0964830509002030
http://www.ijcce.ac.ir/article_5739_0.html
http://www.ijcce.ac.ir/article_5739_0.html
http://www.ijcce.ac.ir/article_5739_0.html
http://www.ijcce.ac.ir/article_5739_0.html
http://www.warponline.org/viewjc.php?id=j1&page_id=23&volume_id=3&content_id=132
http://www.warponline.org/viewjc.php?id=j1&page_id=23&volume_id=3&content_id=132
http://www.warponline.org/viewjc.php?id=j1&page_id=23&volume_id=3&content_id=132
http://www.degruyter.com/view/j/aiht.2010.61.issue-1/10004-1254-61-2010-1943/10004-1254-61-2010-1943.xml
http://www.degruyter.com/view/j/aiht.2010.61.issue-1/10004-1254-61-2010-1943/10004-1254-61-2010-1943.xml
http://www.sciencedirect.com/science/article/pii/S1383586611005636
http://www.sciencedirect.com/science/article/pii/S1383586611005636
http://onlinelibrary.wiley.com/doi/10.1002/elsc.201100005/abstract
http://onlinelibrary.wiley.com/doi/10.1002/elsc.201100005/abstract
http://onlinelibrary.wiley.com/doi/10.1002/elsc.201100005/abstract
http://www.sciencedirect.com/science/article/pii/S1385894716302364
http://www.sciencedirect.com/science/article/pii/S1385894716302364
http://www.sciencedirect.com/science/article/pii/S1385894716302364
http://www.ijcce.ac.ir/article_10794_1368.html
http://www.ijcce.ac.ir/article_10794_1368.html
http://www.sciencedirect.com/science/article/pii/S2213343715301044
http://www.sciencedirect.com/science/article/pii/S2213343715301044
http://www.sciencedirect.com/science/article/pii/S2213343715301044
http://www.scirp.org/journal/PaperInformation.aspx?paperID=47576
http://www.scirp.org/journal/PaperInformation.aspx?paperID=47576
http://www.scirp.org/journal/PaperInformation.aspx?paperID=47576
http://www.sciencedirect.com/science/article/pii/S0960852409015016
http://www.sciencedirect.com/science/article/pii/S0960852409015016
http://www.sciencedirect.com/science/article/pii/S0960852409015016
http://www.sciencedirect.com/science/article/pii/S0304389409015866
http://www.sciencedirect.com/science/article/pii/S0304389409015866
http://www.sciencedirect.com/science/article/pii/S0304389409015866
http://ijehse.tums.ac.ir/index.php/jehse/article/viewFile/293/292
http://ijehse.tums.ac.ir/index.php/jehse/article/viewFile/293/292
http://www.tandfonline.com/doi/abs/10.1080/09593330.2014.992481?journalCode=tent20
http://www.tandfonline.com/doi/abs/10.1080/09593330.2014.992481?journalCode=tent20
http://www.tandfonline.com/doi/abs/10.1080/09593330.2014.992481?journalCode=tent20
http://www.tandfonline.com/doi/abs/10.1080/09593330.2014.992481?journalCode=tent20
http://www.tandfonline.com/doi/abs/10.1080/09593330.2014.992481?journalCode=tent20
http://www.hrpub.org/journals/article_info.php?aid=1324
http://www.hrpub.org/journals/article_info.php?aid=1324
http://www.hrpub.org/journals/article_info.php?aid=1324
http://www.sciencedirect.com/science/article/pii/S1383586611004837
http://www.sciencedirect.com/science/article/pii/S1383586611004837
http://www.sciencedirect.com/science/article/pii/S1383586611004837
http://www.sciencedirect.com/science/article/pii/S1383586611004837


Iran. J. Chem. Chem. Eng. Taghavi K. et. al. Vol. 35, No. 4, 2016 

 

124 

[17] Saber A., Hasheminejad H., Taebi A., Ghaffari G., 

Optimization of Fenton-Based Treatment of 

Petroleum Refinery Wastewater with Scrap Iron 

Using Response Surface Methodology, Appl. Water 

Sci., 4 (3): 283-290(2014). 

[18] Wu Y., Zhou S., Qin F., Ye X., Zheng K., Modeling 

Physical and Oxidative Removal Properties of 

Fenton Process for Treatment of Landfill Leachate 

Using Response Surface Methodology (RSM),  

J. Hazard. Mater., 180 (1-3): 456-65 (2010). 

[19] Taffarel S.R., Rubio J., Adsorption of Sodium 

Dodecyl Benzene Sulfonate from Aqueous Solution 

Using a Modified Natural Zeolite with CTAB, 

Miner. Eng., 23 (10): 771–779 (2010). 

[20] Wyrwas B., Zgoła-Grześkowiak A., Continuous 

Flow Methylene Blue Active Substances Method for 

the Determination of Anionic Surfactants in River 

Water and Biodegradation Test Samples,  

J. Surfactants Deterg., 17 (1): 191-198 (2014). 

[21] American Public Health Association (APHA), 

“Standard Methods for the Examination of Water 

and Wastewater”, American Water Works 

Association, Water Environment Federation (2005). 

[22] Lee A., Chaibakhsh N., Rahman M.B.A., Basri M., 

Tejo B.A., Optimized Enzymatic Synthesis of 

Levulinate Ester in Solvent-Free System, Ind. Crop. 

Prod., 32 (3): 246-251 (2010). 

[23] Chen K., Wang G.H., Li W.B., Wan D., Hu Q., Lu L.L., 

Application of Response Surface Methodology  

for Optimization of Orange II Removal by Heterogeneous 

Fenton-like process using Fe3O4 nanoparticles, 

Chinese Chem. Lett., 25 (11): 1455-1460 (2014). 

[24] Yilmaz T., Aygün A., Berktay A., Nas B., Removal 

of COD and Colour from Young Municipal Landfill 

Leachate by Fenton Process, Environ. Technol., 

31(14): 1635-1640 (2010).  

[25] Bouasla C., Ismail F., Samar M.E.H., Effects of 

Operator Parameters, Anions and Cations on the 

Degradation of AY99 in an Aqueous Solution Using 

Fenton’s Reagent: Optimization and Kinetics Study, 

Int. J. Ind. Chem., 3: 15-26 (2012). 

[26] Friedrich L.C., Zanta C.L.P.S., Machulek A., Silva 

V.O.,Quina F.H., Interference of Inorganic Ions  

on Phenol Degradation by the Fenton Reaction, Sci. 

Agric., 69: 347-351 (2012). 

[27] de Luna M.D., Veciana M.L., Colades J.I., Su C.,  

Lu M.C., Factors that Influence Degradation of 

Acetaminophen by Fenton Processes, J. Taiwan. 

Inst. Chem. Eng., 45 (2): 565-570 (2014). 

[28] Baba Y., Yatagai T., Harada T., Kawase Y., 

Hydroxyl Radical Generation in the Photo-Fenton 

Process: Effects of Carboxylic Acids on Ion Redox 

Cycling, Chem. Eng. J., 277: 229-241 (2015). 

[29] Gu L., Nie J., Zhua N., Wang L., Yuana H., Shou Z., 

Enhanced Fenton’s Dgradation of Real Naphthalene 

Dye Intermediate Wastewater Containing 6-Nitro-1-

Diazo-2-Naphthol-4-Sulfonic Acid: A Pilot Scale 

Study, Chem. Eng. J., 189-190: 108-116 (2012).  

[30] Whebi D.J., Hafez H.M., El Masri M.H., El Jamal 

M.M., Influence of Certain Inorganic Ions and 

Ligands on Degradation of Methyl Red by Fenton's 

Reagent, J. U. Chem. Technol. Metall., 45: 303-312 

(2010). 

http://link.springer.com/article/10.1007/s13201-013-0144-8
http://link.springer.com/article/10.1007/s13201-013-0144-8
http://link.springer.com/article/10.1007/s13201-013-0144-8
http://www.sciencedirect.com/science/article/pii/S030438941000498X
http://www.sciencedirect.com/science/article/pii/S030438941000498X
http://www.sciencedirect.com/science/article/pii/S030438941000498X
http://www.sciencedirect.com/science/article/pii/S030438941000498X
http://www.sciencedirect.com/science/article/pii/S0892687510001512
http://www.sciencedirect.com/science/article/pii/S0892687510001512
http://www.sciencedirect.com/science/article/pii/S0892687510001512
http://link.springer.com/article/10.1007/s11743-013-1469-x
http://link.springer.com/article/10.1007/s11743-013-1469-x
http://link.springer.com/article/10.1007/s11743-013-1469-x
http://link.springer.com/article/10.1007/s11743-013-1469-x
http://www.sciencedirect.com/science/article/pii/S0926669010001135
http://www.sciencedirect.com/science/article/pii/S0926669010001135
http://www.sciencedirect.com/science/article/pii/S1001841714002782
http://www.sciencedirect.com/science/article/pii/S1001841714002782
http://www.sciencedirect.com/science/article/pii/S1001841714002782
http://www.tandfonline.com/doi/abs/10.1080/09593330.2010.494692?journalCode=tent20
http://www.tandfonline.com/doi/abs/10.1080/09593330.2010.494692?journalCode=tent20
http://www.tandfonline.com/doi/abs/10.1080/09593330.2010.494692?journalCode=tent20
http://link.springer.com/article/10.1186/2228-5547-3-15
http://link.springer.com/article/10.1186/2228-5547-3-15
http://link.springer.com/article/10.1186/2228-5547-3-15
http://link.springer.com/article/10.1186/2228-5547-3-15
http://www.scielo.br/scielo.php?pid=S0103-90162012000600001&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0103-90162012000600001&script=sci_arttext
http://www.sciencedirect.com/science/article/pii/S1876107013001417
http://www.sciencedirect.com/science/article/pii/S1876107013001417
http://www.sciencedirect.com/science/article/pii/S1385894715005938
http://www.sciencedirect.com/science/article/pii/S1385894715005938
http://www.sciencedirect.com/science/article/pii/S1385894715005938
http://www.sciencedirect.com/science/article/pii/S1385894712002525
http://www.sciencedirect.com/science/article/pii/S1385894712002525
http://www.sciencedirect.com/science/article/pii/S1385894712002525
http://www.sciencedirect.com/science/article/pii/S1385894712002525
http://dl.uctm.edu/journal/node/j2010-3/10_El_Djamal_303_312.pdf
http://dl.uctm.edu/journal/node/j2010-3/10_El_Djamal_303_312.pdf
http://dl.uctm.edu/journal/node/j2010-3/10_El_Djamal_303_312.pdf

