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Abstract. Fe,O3/H;O,, a kind of Fenton-like agent, was used to degrade an anion surfactant,
sodium dodecyl benzene sulfonate(SDBS), in an aqueous solution. Through a number of batch
degradation experiments under various conditions, it was found that the reactivity of the system
increased by increasing temperature. The SDBS degradation ratio will increase by, respectively,
increasing H,O; concentration and Fe,O3 dosage at some extent, but too high H,O, concentration or
Fe,O3 dosage will decrease the degradation efficiency. pH value has some influences on the
reactivity of the system; from 2 to 10, the system maintains high efficiencies all the time. It also can
be seen that Fe,O3/H,O, Fenton-like reaction almost has the same efficiency as homogeneous
Fenton reaction, while the former has a widely pH range (2-10), and Fe,O; can be separated easily
and has no secondary pollutants.

Introduction

Anion Surfactant is a kind of surfactant most common used. It can restrain and kill the
microorganisms and restrain the degradation of other organic toxic substances. And it also can
bubble at the surface of water to hinder water oxygenate and make water quality worse, even be
eutrophication, if it were discharged directly into water body.

Fenton’s reagent [Fe(I)+H,0O;], a widely used and studied catalytic treatment system, has been
applied to treating various wastes such as those found in the textile and chemical industries[1]. In
order to enhance the efficiency of degradation, many methods, such as microwave[2], photo and
UV][3.,4], electric[5,6], ultrasound[7], etc., were combined with Fenton method. However, in these
homogeneous Fenton systems, the catalysts of iron ions are dissolved in water. Although these
homogeneous catalysts are generally very efficient for degradation of organic compounds, their
separation and reuse are rather difficult at the end of treatment. A kind of secondary pollutants, the
ferric ions is generated. The removal of iron ions from the treated water needs a large amount of
chemicals and manpower, which will increase the cost of treatment[8].

To overcome this disadvantage, several studies have been conducted to explore heterogeneous
catalysts for substitution of deliquescent Fe(Il) reagent. Some researchers put mineral-catalyzed
Fenton-like system forward to treat organic pollutants. The catalysts used in the Fenton-like system
were natural iron-bearing earth materials[9]. The catalyst loaded with irons also has received many
attentions. The catalyst loaded with irons can be reused for further runs and extend the range of pH
for Fenton oxidant[10-15].

In the present paper, the interest has been focused on the Fenton process for degradation of
Sodium dodecyl benzene sulfonate(SDBS), with Fe,Os as catalyst. The affecting factors, such as
temperature, contact time, catalyst dosage, H,O, concentration, were studied.
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Experimental

Material and Equipment. Fe,O3;, H0,(30%), CHCls;, NaOH, HCI, and methylene blue supplied
by their manufacturers was all analytical pure.

Degradation methods. Sodium dodecyl benzene sulfonate(SDBS), a common anion surfactant,
and molecular weight of 497.02, was selected as model pollutant. Its structure is show in Figure 1.
The SDBS concentrations were measured using a WFZ-UV-2100 type ultraviolet-visible
spectrophotometer by methylene blue spectrophotometry. In water solution methylene blue can be
combined with SDBS to form blue complex clathrate, which is easily extracted by chloroform, then
colorimetric estimated with organic phase (chloroform) at A of 665nm. The degradation ratio, i.e.
the removal degree of SDBS can be calculated using the equation of #=(Cy-C,)/Cp*100%, where Cy
1s the initial concentration of SDBS wastewater and C; is the concentration at contact time ¢. In
order to check the reproducibility of the results, random tests were done under different

experimental conditions.
C 1 2H254©7 SO3NH

Figure 1 Structure of sodium dodecyl benzene sulfonate

Results and discussion

Influences of Time on SDBS Degradation. Figure 2 shows SDBS degradation ratio changes along
with time. The experimental condition is: T=20°C, pH=5, [SDBS];=40mg/L, [H>0,]0=0.588mol/L,
M(Fe;03)=2g/100ml. It can be seen from figure 2 that the concentration of SDBS decreased very
fast at the beginning, then the curve became smooth. 60mins later, the degradation ratio can reach to
90%.

Influences of H,0, Concentration on SDBS Degradation. Figure 3 shows the SDBS
degradation ratio versus different H,O, concentration conditions. The experimental condition is:
T=20°C, pH=5, t=60min, [SDBS];=40mg/L, M(Fe,03)=6g/100ml. The data indicate that the SDBS
degradation ratio dose not increase with the H,O, concentration increasing, which suggests more
H,0O; concentration doesn’t lead to higher degradation ratio. It is because that too more H,O, will
react with-OH, which is really effective in the process of degrading SDBS. The Fenton process
involves the reactions are as below[16]:

Fe’" + H,0, —» Fe*" + H + HOO-  k;=0.01~0.02M's™! (1)
Fe*" + H,0, — Fe’” + OH +OH k=76M"'s™! )
Fe’" + HOO-— Fe*" + H + 0, ky=1.2x10° M's™ (3)
Fe’" +-OH — Fe'" + OH k=3.2x10° M's™! 4)
H,0, +OH — H,0+ HOO" ks=3.3x10" M's™ (5)
‘OH + organics — intermediates —CO,+H,0 k6=107~1010 Mgt (6)

From the reactions, we can see that too more H,O, will react with-OH, which is really effective
in the process of degrading SDBS. So, the adequate H,O, concentration leads to higher system
reactivity.
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Figure 2 Effect of time on the SDBS degradation Figure 3 Effect of hydrogen peroxide

concentrations on the SDBS degradation

Influences of Fe,O3; Catalyst Dosage on SDBS Degradation. The experimental condition of
figure 4 is: T=20°C, t=60min, pH=5, [SDBS]=40mg/L, [H,0,]¢=0.588mol/L. Figure 4 suggests
that it was not that the more the catalyst, the higher the degradation ratio. And 6g/100ml was a
optimum dosage. The more active Fe sites on the catalyst surface for accelerating the
decomposition of H,O,, and more Fe ion leaching in the solution, leading to an increase in the
number of OH radicals. But too more catalyst will not help to produce more OH radicals, for H,O,
dosage is not change.

Influences of pH Value on SDBS Degradation. Figure 5 shows that at the adopted experimental
conditions there is a dependence of the system reactivity upon the pH of the solution. The behavior
of SDBS degradation is different at acidic, neutral and alkaline pH. At faintly acidic and neutral pH
(5 and 6), the SDBS degradation ratios are higher than those at acidic and alkaline pH (2, 4, 8 and
10). However, the SDBS degradation ratios can reach to above 85% within 60 min at every pH
value we adopted. The Fe,O; catalyst can extend the range of pH for Fenton oxidant.
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Figure 4 Effect of Fe,O3 dosage on the SDBS Figure 5 Effect of pH on the SDBS degradation

degradation with H,O,

Influences of Temperature on SDBS Degradation. The effect of reaction temperature on the
degradation of SDBS was studied, and the results are presented in Figure 6. The reactivity of the
system increases by increasing reaction temperature. This is because faster catalysis of H,O; at a
higher temperature results in the increase in the number of OH radicals. Another possible reason put
forward to interpret this phenomenon is that a higher temperature can provide more energy for the
reactant molecules to overcome reaction activation energy.

Comparative experiment. Fe,O;-catalyzed Fenton-like reaction was compared with
homogeneous Fenton reaction (Fe*"/H,0,), and the result is shown in Figure 7. The experimental
condition is: (1) both H,O, and Fe,O3 (T=20°C, pH=5, [SDBS]=40mg/L, [H,0;];=0.392mol/L and
Fe,0; dosage=2g/100ml)and (2) both H,O, and Fe*" (T=20°C, pH=3, [SDBS](=40mg/L,
Fez+/H202=1/5). It can be seen that Fe,O;-catalyzed Fenton-like reaction almost has the same
efficiency as homogeneous Fenton reaction, while the former has a widely pH range, and Fe,O3
catalyst can be reused and has no secondary pollutants.
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Figure 6 Effect of reaction temperature on the Figure 7 Comparative analyses for the SDBS
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Conclusions

Sodium dodecyl benzene sulfonate (SDBS) in an aqueous solution can be effectively degraded by
Fe,Os-catalyzed Fenton-like system in the presence of H,O,. A number of batch degradation
experiments under various conditions strongly indicated that: (1) The reactivity of the system
increased by, respectively, increasing Fe,O3 dosage and H,O, starting concentration at some extent,
and decreased beyond the extant; (2) pH value will influence reactivity of the system, but not too
much. From 2 to 10, the system maintains high efficiencies (above 85%) all the time; (3) The
degradation ratio and speed of SDBS increased along with increasing temperature; (4) Through
experiments, the optimum condition can be obtained that H;O, concentration is 0.196mol/L, contact
time is 60min, Fe,O3; dosage is 6g/100ml, solution pH is 5 and temperature is 80°C. Under the
optimum condition, the degradation ratio can come up to 99%. Compared with homogeneous
Fenton’ s reagent, due to unique advantages of easy separation of heterogeneous catalyst from the
treated wastewater, high catalytic reactivity at a wider pH range and lower H,O, concentration,
repeating usage and absence of secondary pollutants, Fe,Os catalyzed Fenton-like system would be
a promising method for degradation of hard-to-degrade organic wastewater.
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