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ABSTRACT
The acrylic fibre is one of the major synthetic fibres commonly used in the mass production of clothing.
However, the effluents of the acrylic fibre manufacturing contain amounts of organic and inorganic
contaminants. Some of these pollutants are toxic and bio-refractory, which may cause serious
environmental impacts if they are discharged directly into receiving waters without appropriate treatment.
In this study, the Fenton process was used for the treatment of acrylic fibre wastewater. The
operational parameters were evaluated according to the single factor experiments. The results showed
that the H2O2 dosage, Fe2+ dosage, pH value and reaction time had an important role on the effect of
treatment of the acrylic fibre wastewater. The most significant interactive influence of Fe2+ dosage
and pH value was observed. Under the following reaction conditions, such as H 2O2 dosage of 80
mmol/L, Fe2+ dosage of 25 mmol/L, initial pH value of 3 and a reaction time of 110 min, the COD removal
efficiency of the acrylic fibre wastewater was 45.2%.

INTRODUCTION
Over the past decades, the acrylic fibre industry has rapidly
progressed in many developing countries. The products of
this technology are welcomed because of their high quality
and versatility (Jiang et al. 2010). The acrylic fibre industry
has continuously developed with the growth of the
economy, accomplishing technological development for
synthesizing and processing several highly valuable polymer materials, such as those used for electrical, electronic
and biomedical devices. The acrylic fibre is one of the major synthetic fibres commonly used in the mass production
of clothing. However, the effluents of the acrylic fibre manufacturing contain amounts of organic and inorganic contaminants (Li et al. 2012). Some of these pollutants are toxic
and bio-refractory, which may cause serious environmental
impacts if they are discharged directly into receiving waters
without appropriate treatment. Advanced oxidation processes based on the generation of hydroxyl radicals are widely
used in the treatment (Neyens & Haeyens 2003). Among the
advanced oxidation processes, Fenton process is particularly attractive because of its simplicity and high removal
efficiency of recalcitrant pollutants (Bosco et al. 2006). The
initially biorefractory compounds can be mineralized or
converted to more readily biodegradable intermediates,
which can be removed by further biological treatment. Besides, since both ferrous and ferric ions are coagulants, the
Fenton process can have the dual functions of oxidation
and coagulation in the treatment process (Panizza & Cerisola

2009). In recent years, Fenton oxidation has been extensively studied for the treatment of a variety of toxic and
biorefractory wastewaters, such as chemical manufacturing
wastewater, pharmaceutical wastewater, textile dyeing
wastewater, landfill leachate, and so on. In terms of acrylic
fibre wastewater, due to the high organic load, toxicity and
presence of biorefractory compounds (Dükkanct et al. 2010,
Jagadevan et al. 2011, Rusevova et al. 2012 ).
The typical Fenton reagents include ferrous ions and
hydrogen peroxide. In acidic conditions, strong oxidative
·OH is generated in the catalytic oxidation reaction (1) of
H2O2 with Fe2+. Apart from the main reaction, a series of
chain reactions (2)-(5) involving Fe2+, ferric ion, H2O2,
superoxide, and ·OH are also possible. In these reactions,
bio-refractory or toxic organic compounds can be oxidized
to biodegradable small molecules or carbon dioxide and
water (Zhao et al. 2012).
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According to the existing form of catalyst, the Fenton
reaction can be divided into two types, such as classical
homogeneous Fenton oxidation and novel heterogeneous
Fenton oxidation (Tang & Huang 1996, Lucas & Peres 2009).
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In this study, the Fenton process was used for the treatment of acrylic fibre wastewater. The effects of the operational parameters, such as H2O2 dosage, Fe2+ dosage, pH
value and reaction time, have been discussed in detail.
MATERIALS AND METHODS
Materials: The acrylic fibre wastewater used in this test was
collected from the manufacturing department of a fibre synthesis plant in Shaoxing, China. The characteristics of the
acrylic fibre wastewater are listed in Table 1.
Experimental methods: The experiments were conducted
in 500 mL batch reactors at room temperature. The 300 mL
of acrylic fibre wastewater was added into the batch reactors. The pH value was adjusted with (1+1) H2SO4 solution.
A weighed amount of FeSO4·7H2O was dissolved in the
acrylic fibre wastewater. The tests were then initiated by the
addition of H2O2 solution (30%, w/w). The reaction was terminated by adjusting the pH value in the solution to 10.0,
which instantaneously consumed the remaining H2O2. The
solution was left undisturbed for half an hour to settle out.
The supernatant was withdrawn and filtered for analyses.
Analytical methods: The value of pH was measured by using a digital pH meter according to APHA standard method.
COD was measured by model MS-3 microwave digestion
system.
Statistical analyses of data: All experiments were repeated
in duplicate and the data of results were the mean and the
standard deviation (SD). The value of the SD was calculated
by Excel Software. All error estimates given in the text and
error bars in figures are the standard deviation of the means
(mean±SD). All statistical significance were noted at =0.05
unless otherwise noted.
RESULTS AND DISCUSSION
Effect of H2O2 dosage: During the Fenton process, hydrogen peroxide is the most important parameter because of its
source of ·OH and the main cost for scale up application. So,
it plays a very important role during the reaction process.
The dosage of H2O2 has an important effect on the removal
efficiency of the acrylic fibre wastewater and decrease of
treatment cost. The experiments were carried out under the
Fe2+ dosage of 20.0 mmol/L, the initial pH value in solution
of 4.0, the reaction time of 120 min and the dosage ranged
from 30.0 to 180.0 mmol/L. The effects of H2O2 dosage on
the COD removal efficiency of the acrylic fibre wastewater
were shown in Fig. 1. From Fig. 1, when the H2O2 dosage is
below 90.0 mmol/L, the COD removal efficiency increased
sharply with the increasing of H2O2 dosage. When the H2O2
dosage is above the 90.0 mmol/L, the COD removal efficiency increased slowly with the increasing of H2O2 dosage.
Vol. 16, No. 2, 2017

Table 1: The characteristics of the acrylic fiber wastewater.
Parameter

pH

COD
(mg/L)

BOD5
(mg/L)

TN
(mg/L)

NH4 +-N
(mg/L)

Value

6.4

10 46

39 8

15 5

20 .8

Effect of the Fe2+ dosage: Ferrous is one of the main affective factor in Fenton reaction. It can decompose H2O2 to
generate ·OH. It is well known that higher hydrogen peroxide to substrate ratios result in more extensive substrate degradation, while higher concentrations of iron ions yielded
faster rates (Lopez et al. 2004). The experiments were tested
under the H2O2 dosage of 90.0 mmol/L, the initial pH value
in solution of 4.0, the reaction time of 120 min and the Fe2+
dosage ranged from 5.0 to 30.0 mmol/L. The effects of Fe2+
dosage on the COD removal efficiency of the acrylic fibre
wastewater are shown in Fig. 2. As seen from Fig. 2, the COD
removal efficiency of the acrylic fibre wastewater increased
when the Fe2+ dosage increased. In some literature, the same
experiment results were reported (Wei et al. 2013). The experiment results indicated that more Fe2+ dosage did not
mean more oxidation removal because the use of a much
higher concentration of ferrous could lead to the self-scavenging effect of ·OH radical and induce the decrease in degradation efficiency of pollutants (Li et al. 2011).
Effect of the initial pH value in solution: The value of pH
in solution is one of the important factors. The pH in solution has a decisive effect on the oxidation potential of ·OH
because of the reciprocal relationship between the oxidation potential and the pH value. The tests about the effect of
the initial pH value in solution should be investigated. The
experiments were tested under the H2O2 dosage of 90.0
mmol/L, the Fe2+ dosage of 20.0 mmol/L, the reaction time
of 120 min and the initial pH value in the solution ranged
from 2.0 to 6.0. The effects of initial pH value in the solution on the COD removal efficiency of the acrylic fibre
wastewater are shown in Fig. 3.
As shown from Fig. 3, the pH value in solution had an
important effect on the COD removal efficiency of the
acrylic fibre wastewater. When the initial pH value in
solution was 4.0, the COD removal efficiency reached
optimum. At extremely low pH value, oxidation removal
decreased sharply, principally due to the formation of
complex species [Fe(H2O)6]2+, which reacted slower with
peroxide when compared to that of [Fe(OH)(H2O)5]2+ (Gallard
et al. 1998). On the other hand, oxidation removal rapidly
decreased with the increasing initial pH in solution above
4.0. The reasons for this inhibition might be explained not
only by the decomposition of hydrogen peroxide, but also
by the deactivation of a ferrous catalyst with the formation
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Fig.1: The effect of H2 O2 dosage on COD removal efficiency.

0

10

20
Fe2+ (mmol/L)

30

40

Fig. 2: The effect of Fe2+ dosage on the COD removal efficiency.

60

50

50

COD removal efficiency (%)

COD removal efficiency (%)

50

40
30
20

40

30

20

10

10
0

0
0

1

2

3

4

5

6

7

0

50

pH

100
Time (min)

150

200

Fig. 3: The effect of pH value in solution on the COD
removal efficiency.

Fig. 4: The effect of reaction time on the COD
removal efficiency.

of ferric hydroxide complexes leading to a reduction of ·OH
radical.

effect on the COD removal efficiency of the acrylic fibre
wastewater during the Fenton processes. The COD removal
efficiency of the acrylic fibre wastewater increased rapidly
in the first 30 min. Then, the COD removal efficiency of the
acrylic fibre wastewater increased slightly. No further COD
removal efficiency of the acrylic fibre wastewater increase
was observed with further prolonged reaction time.

Effect of the reaction time: Reaction time is a key parameter in Fenton process, because not only treatment performance, but also reactor volume is associated with it. The experiments were tested under the following conditions, such
as the H2O2 dosage of 90.0 mmol/L, the Fe2+ dosage of 20.0
mmol/L and the initial pH value in solution of 4.0. The
reaction time ranged from 5 to 150 min. The effects of initial pH value in solution on the COD removal efficiency of
the acrylic fibre wastewater are shown in Fig. 4.
As seen from Fig. 4, the reaction time had an important

CONCLUSION
In this work, the Fenton process was used for the treatment
of acrylic fibre wastewater. The operational parameters were
evaluated according to the single factor experiments. The
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results showed that the H2O2 dosage, Fe2+ dosage, pH value
and reaction time had an important role on the effect of
treatment of the acrylic fibre wastewater. The most significant interactive influence of Fe2+ dosage and pH value was
observed. Under the following reaction conditions, such as
H2O2 dosage of 80 mmol/L, Fe2+ dosage of 25 mmol/L, initial pH value of 3 and a reaction time of 110 min, the COD
removal efficiency of the acrylic fibre wastewater was 45.2%.
ACKNOWLEDGEMENTS
This study was financially supported by the project of science and technology plan in Shaoxing City (2013B70058
and 2014B70041). It was financially supported by the
project of the education department in Zhejiang Province
(Y201534144).
REFERENCES
Bosco, M.V., Callao, M.P. and Larrechi, M.S. 2006. Simultaneous
analysis of the photocatalytic degradation of polycyclic aromatic
hydrocarbons using three-dimensional excitation emission matrix fluorescence and parallel factor analysis. Anal. Chim. Acta.,
576: 184-191.
Dükkanct, M., Gündüza, G., Yllmaz, S., Yaman, Y.C., Prikhod’ko,
R.V. and Stolyarova, I.V. 2010. Characterization and catalytic
activity of CuFeZSM-5 catalysts for oxidative degradation of
Rhodamine 6G in aqueous solution. Appl. Catal. B Environ., 95:
270-278.
Gallard, H., Laat, J.D. and Legube, B. 1998. Effect of pH on the
oxidation rate of organic compounds by Fe-II/H2O2: Mechanisms
and simulation. New J. Chem., 22: 263-268.
Jagadevan, S., Dobson, P. and Thompson, I.P. 2011. Harmonisation
of chemical and biological process in development of a hybrid

Vol. 16, No. 2, 2017

technology for treatment of recalcitrant metalworking fluid.
Bioresour. Technol., 102: 8783-8789.
Jiang, J.Y., Li, Y., Wang, G.W. and Zhou, Y.X. 2010. Treatment of
acrylic fiber polymerization wastewater by Fenton method. Res.
Environ. Sci., 23: 897-901.
Li, J., Luan, Z.K., Yu, L. and Ji, Z.G. 2011. Organics, sulfates and
ammonia removal from acrylic fiber manufacturing wastewater
using a combined Fenton-UASB (2 phase)-SBR system. Bioresour.
Technol., 102: 10319-10326.
Li, J., Luan, Z.K., Yu, L. and Ji, Z.G. 2012. Pretreatment of acrylic
fiber manufacturing wastewater by the Fenton process.
Desalination, 284: 433-440.
Lopez, A., Pagano, M., Volpe, A. and Pinto, A.C. 2004. Fenton’s
pretreatment of mature landfill leachate. Chemosphere, 54: 10051010.
Lucas, M.S. and Peres, A. 2009. Removal of COD from olive mill
wastewater by Fenton’s reagent: Kinetic study. J. Hazard. Mater.,
168: 1253-1259.
Neyens, E. and Baeyens, J. 2003. A review of classic Fenton’s peroxidation as an advanced oxidation technique. J. Hazard. Mater.,
98: 33-50.
Panizza, M. and Cerisola, G. 2009. Electro-Fenton degradation of
synthetic dyes. Water Res., 43: 339-344.
Rusevova, K., Kopinke, F.D. and Georgi, A. 2012. Nano-sized magnetic iron oxides as catalysts for heterogeneous Fenton-like reactions influence of Fe(II)/Fe(III) ratio on catalytic performance. J.
Hazard. Mater., 241-242: 433-440.
Tang, W.Z. and Huang, C.P. 1996. 2,4-Dichlorophenol oxidation
kinetics by Fenton’s reagent. Environ. Technol., 17: 1371-1378.
Wei, J., Song, Y.H., Tu, X., Zhao, L. and Zhi, E.Q. 2013. Pretreatment of dry-spun acrylic fiber manufacturing wastewater by Fenton
process: Optimization, kinetics and mechanisms. Chem. Eng. J.,
218: 319-326.
Zhao, X., Zhang, B., Qiu, H., Chen, F., Li, A. and Qu, J. 2012.
Transformation characteristics of refractory pollutants in plug
board wastewater by an optimal electro-coagulation and electroFenton process. Chemosphere, 87: 631-636.

 Nature Environment and Pollution Technology

