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ABSTRACT:

The degradation of commercial textile dye named fast green (FG) was investigated by Fenton reagent under different operating
conditions in an aqueous solution. The operating conditions were amount of hydrogen peroxide (0.05, 0.1 and 0.15 mL), pH (2-
12) and concentration of ferrous ion (10, 20 and 30 mg). The initial rate of degradation was affected by the concentration of Fenton
reagents [Fe(Il) and H202 solution]. The rate of degradation enhanced as the concentration of ferrous ion increased. As the ferrous
ion concentration increased from 10 to 30 mg, the removal percent was increased from 73% to 89%, respectively, at 25 min of
reaction time. Also, the removal percent of FG increased from 74 % to 81 % as the amount of H202 increased from 0.05 to 0.15
mL, respectively, at 25 min of reaction time. It was also found that at pH 3 removal percent reach maximum value with 91.8%.
The kinetic study of FG degradation was also studied in this work and the results indicated that the degradation kinetics of FG

followed the first-order kinetic.
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1. INTRODUCTION

The dyestuffs lost in the textile dyeing, paper printing,
cosmetics, food and other industries poses a major problem
to wastewater sources (Shah & Madamwar, 2013; Sleiman,
Vildozo, Ferronato, & Chovelon, 2007). Every year, it is
estimated that about five thousand tons of dyeing materials
are discharged into the environment (Pirkarami & Olya,
2014). These materials are considering poisonous and absorb
the oxygen of the water (Mahmoodi & Arami, 2009;
Pirkarami, Olya, & Yousefi Limaee, 2013). The dyes
removal from industrial effluents is an area of research
receiving increasing attention. Common ways of wastewater
treatment  include  chemicoagulation,  sedimentation,
biological methods, advanced oxidation processes and
adsorption (S. A. M. S. Haydar A. Mohammad Salim, Reving
A. Rashid, 2016; S. M. S. Haydar A. Mohammad Salim,
2015; Mohammad Salim & Mohammad Salih, 2015; Salim,
2014a, 2014b; Tizaoui, Mohammad-Salim, & Suhartono,
2015).

Biological treatment of wastewater containing dyes is
considered unsatisfactory due to the low reaction rate and low
efficiency of the treatment (Xu, Li, Wang, & Gu, 2004).
Consequently, dye-containing wastewater is usually treated
using chemical and physical methods (Chang, Chen, Chen,
& Lin, 2003). Activated carbon adsorption and flocculation
have been used to treat wastewater containing dyes, but
adsorption regeneration and sludge generation are the main
weakness of these processes (Slokar & Majcen Le Marechal,
1998). The Fenton process, one of the advanced oxidation
processes (AOPs), that uses iron (II) ion to react with
hydrogen peroxide to generate hydroxyl radical (OH’) with
powerful oxidizing ability, has been proposed for the
degradation of organic pollutants including some dye
pollutants (Chen & Pignatello, 1997; Feng, Hu, Yue, Zhu, &
Lu, 2003; Kang, Liao, & Chen, 2002). In this research,
degradation of fast green (FG) dye in aqueous solution by the
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Fenton process was performed at different operating conditions.

2. MATERIALS AND METHDS
2.1 Materials

Fast green FCF (FG) was purchased from Hopkin and Williams
LTD, UK and used as received without further purification. Table
1 shows the characteristics of FG dye. A stock solution of FG
(1000 mg/L) was prepared in distilled water. The prepared stock
solution was covered by aluminum foil and kept in dark.
Hydrogen peroxide (H202) with 30% concentration, nitric acid
and sodium hydroxide were purchased from Fisher-Scientific,
UK. Ferrous sulfate was purchased from Alpha Chemika, India.
Various concentrations of NaOH and HNOs were used to adjust
the pH value of solutions between 2 and 12. The pH of the
solution was determined using pH meter (EUTECH, Malaysia).
Visible spectrophotometer (Jenway 6700) was used to analyse
the collected sample.

Table 1. Characteristics of FG dye

C.l. index C.1. 42053

Molecular

FormulIJa Ca7HaN>Na;010S3
Disodium2-[[4-[ethyl-[(3-
sulfonatophenyl)methyl]lamino]phenyl]-[4-[ethyl-[(3-

IUPAC - .

Name suIfor_latophenyl)methyl]azan|umy||dene]cyc|ohexa—
2,5-dien-1-ylidene]methyl]-5-
hydroxybenzenesulfonate

Molar

Mass 808.86 g/mole

Colour Blue

Amax 625 nm
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pKa

3.53

Solubility

Soluble in water (20 g/100 mL

Structure
Formula

Absorption
Spectrum

1.2 Amax= 625 nm

1
0.8
0.6
0.4
0.2

0T

T *
400

Absorbance

600 800

Wavelength (nm)

2.2 Methods

The UV-VIS spectra of the dyes were recorded from 200—
800 nm using a UV-VIS spectrophotometer (PerkinElmer
Lambda 25). The maximum absorbance wavelength (Amax) Of

FG dye is 625 nm from the spectra.

All experiments were carried out at room temperature, 25 +

1 °C. The aqueous dye solutions (200 mL) were

placed in a

container with 250 mL volume under magnetic stirring. The
required amount of Fe?* and H202 were added into the dye
solution simultaneously. The concentration of dye, every 5
minutes, was determined spectrophotometrically using

Jenway 6700 at 625 nm.

3. RESULTS AND DISCUSSION

3.1 Effecting of Fe*? Concentration

Catalyst loading is an important factor that can significantly
influence the Fenton reaction. In general, a higher catalyst
loading leads to a faster degradation of the organic
compounds until a saturated catalyst loading is achieved

(Hsueh, Huang, Wang, & Chen, 2005).

Figure 1 depicts a plot of the removal percent of FG dye as a
function of the time when different loadings of the Fe*?

catalyst were employed. It can be seen that when

the catalyst

loading increases from 10 to 20 mg of Fe*? catalyst, the
degradation of FG is enhanced markedly. However, the
degradation of FG does not change significantly when the

catalyst loading is larger than 30 mg of Fe*2.

Hence, the

saturated catalyst loading is about 30 mg of Fe*? catalyst.
Same results have been found for Orange 11, methylene blue

and Ponceau S (El-Desoky, Ghoneim, & Zidan,
etal., 2003; Lv et al., 2015).
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Figure 1. Effect of Fe*2 Concentration ([FG],= 10 mg/L, Volume = 200
mL, pH = 3, H,0,= 0.05 mL)

3.2 Effect of H202 concentration on removal percent

In a Fenton reaction, it has been found that H202 amount is a key
factor that can significantly influence the degradation of aromatic
organic compounds (Feng et al., 2003). This is because the H202
concentration is directly related to the number of “OH radicals
generated in the Fenton reaction (Pesakhov et al., 2007).

Figure 2 shows the removal percent of FG as a function of the
reaction time when different H2O2 molar concentrations were
used. Apparently, as the amount of H20: increases from 0.05 to
0.1 mL, the degradation of FG was enhanced because more *OH
radicals are formed at higher amount of H20: in solution.
However, when the H202 amount increased to 0.15 mL, the
degradation rate of FG slightly increased. This can be explained
by the so-called scavenging effect when using a higher H20:
molar concentration on the further generation of *OH radicals in
aqueous solution as expressed by the following equation:

H,0,+ °OH - °HO, + H,0 )

Generally, the degradation rate of organic compounds increases
as the H202 concentration increases until a critical H202
concentration is achieved. When a concentration higher than the
critical concentration is used, the degradation rate of organic
compounds will decrease as a result of the so-called scavenging
effect. Several groups have observed this phenomenon
(Dhananjeyan, Kiwi, Albers, & Enea, 2001; Fernandez, Bandara,
Lopez, Buffat, & Kiwi, 1999; Fernandez, Dhananjeyan, Kiwi,

Senuma, & Hilborn, 2000).
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Figure 2. Effect of H,O, amount ([FG],= 10 mg/L, Volume = 200 mL,
pH = 3, Fe*?= 10 mg)

3.3 Effect of Dye Concentration

The effect of FG concentration on the removal percent was
studied by keeping all other parameters constant. The studied FG
concentration were 10, 20 and 30 mg/L. It was observed that
removal percent decreases with increasing the concentration of
dye as shown in Figure 3. As shown in Figure 3, when FG
concentration increased from 10 to 20 and 30 mg/L, the removal
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percentage of FG at 50 min of reaction time decreased from

91.180(:’/0 t0 79.9 % and 62.4 %, respectively.
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Figure 3. Effect of FG concentration (Fe*?= 10 mg, Volume = 200
mL, pH = 3, H,0,= 0.05 mL)

3.4 Effect of pH

The effect of pH (2 to 12) on degradation of FG dye was
investigated. As shown in Figure 4, the degradation rate
increases when pH changed from 2 to 3 and then it decreases
with increasing pH from 3 to 12. It was indicated that pH 3
considered to be the optimum pH for this study. As shown
from the figure, the initial pH of solution plays an important
role in controlling the removal of FG dye using Fenton
reaction. The removal percent reached maximum value in
high acidic medium with a value of 91.8 %; however,
removal percent reached minimum value at pH 10 with a

value of 81%.
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Figure 4. Effect of pH ([FG],= 10 mg/L, Volume = 200 mL, pH =
3, Fe*?= 10 mg, H,0,= 0.05 mL)

3.5 The Kinetic Study of Dye Decolourisation

The Kkinetics of decolorization for the FG dye were
summarized and presented in Figure 5. First-order reaction
kinetics were used to study the degradation kinetics of FG by
Fenton oxidation process using the following equation:

where C is the concentration of FG ki the apparent kinetic
rate constants of first-order reaction kinetic and t is the
reaction time. Regression analysis based on the first-order
reaction Kinetic for the degradation of FG in Fenton oxidation
process was conducted and the results are shown in Figure 5.
Since the value of R? is very close to 1, therefore; the results
indicating that the degradation kinetics of FG followed the
first-order kinetic well.
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Figure 5. First order kinetics of Fenton degradation of FG as a function
of initial FG concentration ([FG],= 10 mg/L, Volume =200 mL, pH =
3, Fe*?= 10 mg, H,0,= 0.05 mL)

4. CONCLUSION

The degradation of FG in aqueous solution by Fenton reaction
was studied at different experimental conditions including
dosages of H202 and Fe*2, FG dye concentration and pH of the
solution. The rate of degradation of FG dye enhanced as the
concentration of Fe*? and H202 increased. A suitable operating
condition were selected as: [FG] = 10 mg/L, [Fe*?] = 30 mg and
H202 =0.15 mL. It was found that the optimum pH for this study
is pH 3. The Kinetic study indicated that the degradation kinetics
of FG followed the first-order kinetics.
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