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Abstract

Wastewater produced from Al-Amel dyeing bathes was subjected to Fenton oxidation and three commercial
disperse dyes were selected for this study. The selected dyes were, Disperse Yellow 23, Disperse red 167 and
Disperse Blue 2BLN, which used for dying cellulose fibers. At first, the optimum conditions for removing dyes from
their aqueous solutions were determined and found to be 3 g/l H2O2, 120 mg/l ferrous sulfate hepta hydrate, pH 3
and retention time of about 100 minutes; these conditions achieve color removal of dyes reach 94% from their
aqueous solution.

For the treated wastewater, it's found that color removal for Disperse Yellow 23, Disperse red 167 and Disperse
Blue 2BLN was 84.66%, 77.19% and 79.63% respectively after retention time 160 minutes. Chemical oxygen
demand (COD) measurements indicate that Fenton reaction shows a very good reduction of COD, this was 75.81%,
78.03% and 78.14% for Disperse Yellow 23, Disperse red 167 and Disperse Blue 2BLN respectively. These results
strengthen the using of Fenton reaction as a preliminary treatment prior to biological treatment for this wastewater.
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Introduction
Al-Amel dyeing unit located at Mansoura city and concerned with

dyeing fibers especially cellulose fiber, they use categories of
commercial disperse dyes which cover a variety of colors. Wastewater
produced from dyeing bathes drained directly to Sewerage network
which increase organic pollutants in wastewater. In this study,
Fenton's oxidation used for the reduction of COD and colors of the
remaining disperse dyes in wastewater.

The problem of colored effluent has been a major challenge and an
integral part of textile effluent treatment as a result of stricter
environmental regulations. This is not only unsightly but dyes in the
effluent may have a serious inhibitory effect on aquatic ecosystems
[1-4].

Main pollution in textile wastewater came from dyeing and
finishing processes. These processes require the input of a wide range
of chemicals and dyestuffs, which generally are organic compounds of
complex structure. Major pollutants in textile wastewaters are high
suspended solids, oxygen consuming matter, heat, color, acidity and
other soluble substances [5,6].

The effluent from the biological treatment still contains significant
amount of colored compounds, microorganisms, recalcitrant organic
compounds and suspended solids. Also, chemical oxygen demand
(COD) cannot be removed effectively by biological treatment. Hence,
advanced treatment is necessary to improve wastewater discharge
quality and to reuse wastewater as process water [7].

Fenton process is one of advanced oxidation technologies which
used for the degradation of organic compounds to simple products

which is biodegradable. Fenton's reagent is a mixture of H2O2 and 
ferrous iron, which generates hydroxyl radicals according to the 
following reaction [6-11]:

Fe++ + H2O2 → Fe++++ HO• + -OH (1)

In the presence of substrate, such as a target contaminant, the
hydroxyl radicals generated are capable of detoxifying the
contaminants via oxidation. Due to the formation of Fe+++ during the
reaction, the Fenton’s reaction is normally accompanied by the
precipitation of Fe(OH)3 which is a coagulant helpful in removing
suspended solids [10,11].

Clarke and Knowles [12] indicated that produced hydroxyl radicals
may attack organic molecules by abstracting a hydrogen atom from
the molecule. Carey [13] described a common pathway for the
degradation of organics by the hydroxyl radicals as follows [12-15]:

HO• + RH → H2O + R• (2)

R• + H2O2  → ROH + OH• (3)

R• + O2 → ROO• (4)

ROO• + RH → ROOH + R• (5)

Elham K and Mina F [15] studied the decolorization and
degradation of Basic Blue 3 and Disperse Blue 56 dyes using Fenton
Process, they found that more than 99% dye removal and 88% COD
removal were obtained respectively for initial 10-100 mg/l dye solution
in addition to Fenton’s reagent at ambient conditions and pH 3.
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Materials and Methods

Materials
All chemicals used were of the highest purity, sulfuric acid,

ammonium hydroxide, hydrogen peroxide (30 % H2O2 w/v), ferrous
sulphate hepta hydrate (FeSO4.7H2O), were produced by El-Nasr
Pharmaceutical Company (Egypt), silver sulfate, mercuric sulfate and
potassium dichromate were produced by Aldrich Chemical Co.

Dye solutions and dye house wastewater
Optimum conditions for the removal of dyes was determined for

their aqueous solutions of initial dye concentration 100 mg/l, and
applied for dye house wastewater. All experiments were carried out at
room temperature (25 ± 2oC).

Color measurement
All color measurements were carried out by colorimetric method

using a UV/Visible spectrophotometer [16,17]. The remaining
hydrogen peroxide concentration was measured by using the
iodometric titration method [18].

Chemical oxygen demand (COD) measurement
Chemical oxygen demand (COD) was measured by dichromate 

reflux method [18,19]. The remaining hydrogen peroxide after the 
process must be rejected or decompose before COD measurements 
this was achieved by adding Manganese dioxide Powder (MnO2) 
followed by centrifugation and filtration on 0.45 micrometermillipore 
filter paper to remove excess MnO2 powder [3,12-14].

Suspended solids (SS) and surfactants measurement
Suspended solids and surfactants were measured by Pastel UV

ESCOMAM (France).

Results and Discussion

Optimum conditions for color removal of dyes from their
aqueous solutions

Maximum wavelength for dyes were determined and listed in Table 
1 and calibration curves for relationship between concentration and 
absorbance were established.

Dye (commercial name) Color Wavelength (nm)

Disperse Yellow 23 Yellow 380

Disperse red 167 Red 460

Disperse Blue 2BLN Blue 570

Table 1: Color and maximum wavelength for the selected dyes

Fenton oxidation process was carried out at one liter glass beakers
and we determine each optimum condition alone and all other
additions were constant, i.e. for determining optimum pH we add
constant dose from each of ferrous sulphate hepta hydrate and
hydrogen peroxide and start the process. The whole mixture was
stirred for 1 minute at 200 rpm followed by additional 15 minutes at

25-30 rpm and finally let the mixture for settling. After settling and
precipitation, samples were withdrawn from supernatant for
performing analysis at different retention time intervals.

Effect of pH: Fenton reaction is strongly affected by pH, since pH 
influences the generation of OH• radicals and affect the oxidation 
efficiency [3,12-15].

Figures 1-3 indicate that the remaining dye concentration was 
strongly affected by pH; results revealed that the optimum pH value 
for the maximum removal of the color of the tested dyes was pH 3. At 
pH values above 6 the degradation strongly decreases because, the 
ferrous catalyst may deactivate by the formation of ferric hydroxo 
complexes [11-15,20-23]. Also at higher pH values iron precipitates as 
hydroxide which reduces the transmission of light and consequently 
deactivates the Fenton oxidation process [11,20].

Figure 1: Effect of pH on removal of Disperse Yellow 23 from 
aqueous solutions at H2O2 dose=3 g/l and FeSO4.7H2O=120 mg/l.

Figure 2: Effect of pH on removal of disperse red 167 from aqueous 
solutions at H2O2 dose=3 g/l and FeSO4.7H2O=120 mg/l.

Effect of hydrogen peroxide dose: During Fenton’s process at the 
optimum pH, the limiting factor for the process is hydrogen peroxide 
dose [8,10,14,19]; A significant enhancement of removal was noticed 
when hydrogen peroxide dose increases.
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Figure 3: Effect of pH on removal of Disperse Blue 2BLN from 
aqueous solutions at H2O2 dose=3 g/l and FeSO4.7H2O=120 mg/l.

Results obtained in Figures 4-6 indicated that the color removal of 
dyes from their aqueous solutions increases by increasing hydrogen 
peroxide doses. It can be noticed from results that, the percent of 
removal was about 94% at a dose 3 g/l of H2O2 and after retention time 
100 minutes. At higher doses than 3 g/l, there was a slight increase of 
dye removal.

Figure 4: Effect of H2O2 dose on removal of Disperse yellow 23 at 
pH 3 and FeSO4.7H2O=120 mg/l.

Figure 5: Effect of H2O2 dose on removal of disperse red 167 at pH 
3 and FeSO4.7H2O=120 mg/l.

Figure 6: Effect of H2O2 dose on removal of dye Blue 2 BLN at pH 3 
and FeSO4.7H2O=120 mg/l.

Generally, the removal rate of colour increases as the dose of 
hydrogen peroxide increases until a critical value; after this critical 
value, the removal may decrease or not significantly increase 
[4,20,21]. This is in agreement with the fact that an excess amount of 
hydrogen peroxide in the solution will slightly retard the destruction 
and removal of dyes [20-22]. This behavior may be due to auto-
decomposition of H2O2 to oxygen and water and the recombination 
of HO• radicals [20-22]. Since HO• radicals react with H2O2 itself and 
contributes to HO• scavenging capacity [6,11,20,22], so that H2O2 
should be added at an optimal concentration to achieve the best 
degradation.

The amount of H2O2 used can be minimized to 1 g/l if the process
carried out for longer time, 180 minutes with a considerable color
removal; this will be of great interest for economic reasons.

Effect of ferrous sulfate hepta hydrate dose: To obtain the optimal 
Fe (II) amounts, the processes were carried out with various amounts 
of iron salt under these conditions, pH=3, initial dye concentration 100 
mg/l, and at hydrogen peroxide dose of 3 g/l.
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Iron in its ferrous and ferric forms acts as a photocatalyst and
requires a working pH below 4 to start the catalytic decomposition and
enhance the removal of the tested dyes [20-24].

Results shown in Figures 7-9 indicate that the removal of the tested 
dyes in their aqueous solutions increases by increasing ferrous sulphate 
hepta hydrate dose to a certain limit at which the effect of ferrous salt is 
not significantly effective; this occur at doses higher than 120 mg/l.



Figure 7: Effect of ferrous sulphate hepta hydrate doses on removal 
of Disperse Yellow 23 at pH=3 and H2O2=3 g/L.

Figure 8: Effect of ferrous sulphate hepta hydrate doses on removal 
of disperse red 167 at pH=3 and H2O2=3 g/L.

Figure 9: Effect of ferrous sulphate hepta hydrate doses on removal 
of Disperse Blue 2BLN at pH=3 and H2O2=3 g/L.

It can be seen that the percent of removal was about 94% at 120 
mg/l ferrous sulphate hepta hydrate after reaction time about 100 
minutes. In case of higher doses of ferrous sulphate hepta hydrate the 
efficiency of color removal decreases. This may be due to the increase 
of brown turbidity of Fe3+ ions that hinders the absorption of light 
required for the Fenton process [11,20-24], so that ferrous sulphate 
hepta hydrate must be added in a critical dose, as well as it is 
necessary to use the smallest amount of iron in order to avoid the 
problems associated with its elimination.

Treatment of wastewater of dyeing bath by Fenton
Some characteristics of raw wastewater discharged from dyeing 

bathes and treated wastewater were shown in Table 2. These results 
show a high concentration of dyes, high COD and high suspended 
solids in raw wastewater.

Parameter

Disperse Disperse Disperse
Yellow 23 Red 167 Blue 2 BLN

Raw
waste

Treated
waste

Raw
waste

Treated
waste

Raw
waste

Treated
waste

pH 8.98 2.91 9.16 2.88 8.78 2.95

Remaining
Dye
concentration
(ppm) 153.21 23.5 170.38 38.96 163.67 33.96

Total
suspended
solids (TSS,
ppm) 800 46 948 52 1160 43

Chemical
Oxygen
Demand
(COD, ppm) 2452.3 593.22 2274.62 499.73 2388.7 522.1
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Surfactants
(ppm) 62 36 158 18 84 12

Table 2: Characteristics of wastewater and treated waste from dyeing 
bathes.

Wastewater was subjected to Fenton’s reagent at the determined 
optimum conditions. Results shown in Figure 10, indicate that removal 
percent for Disperse Yellow 23, Disperse red 167 and Disperse Blue 
2BLN were 84.67%, 77.19% and 79.63% respectively after a retention 
time of 160 minutes. This reveals the destruction of dye molecules and 
chromophore groups by free radical reactions produced from Fenton's 
[6-10,13].



Figure 10: Remaining concentration of dyes in wastewater during 
Fenton process.

Removal percent in case of treated wastewater was lower than that 
in case of aqueous solutions at the same optimum conditions except 
retention time; this may due to in case of real wastewater some 
chemicals e.g. sodium chloride and surfactants were added during the 
dyeing process which inhibit the Fenton reaction or lower the 
formation of free radicals which oxidize the dye molecules and require 
a higher retention time. Similar results were reported by Stanisław and 
Lucyna [24]; they reported that inhibition effect of NaCl presence in 
textile wastewater on discoloration has been found: the higher content 
of NaCl the poorer is discoloration degree. The emulsification effect of 
surfactants present in textile wastewater causes a decrease of 
discoloration rate [24].

Evaluation of COD removal from wastewater of dyes
Fenton reaction has the advantage of both oxidation and

coagulation processes due to the formation of Fe+++ ions. During the
process, organic substances are oxidized by Fenton's reaction
[6-12,24-31]; this leads to the degradation of dye molecules and reduce
COD content.

COD measurements for treated waste water by Fenton reaction were 
shown in Figure 11, results indicate that COD reduction for Disperse 
Yellow 23, Disperse red 167 and Disperse Blue 2BLN were 75.81%, 
78.03% and 78.14% respectively. These results in agreement with the 
degradation of these dyes by Fenton oxidation process.

Figure 11: COD reduction for wastewater of dyes during Fenton 
reaction.

Fenton oxidation occur at acidic pH close to 3, this must be
followed by raising pH again to neutral conditions to help in
coagulation and precipitation of ferric ions (Fe+++); this can be
achieved by using calcium hydroxide.

After Fenton process suspended solids greatly reduced, this due to
the coagulant effect of Ferric iron (Fe+++) which is a good coagulant
helpful in removing suspended solids after precipitation. This will
adapt wastewater to biological oxidation; also the remaining hydrogen
peroxide when decompose increasing dissolved oxygen [6,9,23-31].

We can theoretically suggest a pathway for using Fenton's process 
as a preliminary treatment to biological oxidation as shown in the 
following; this can be investigated experimentally in a future studies.

Flow diagram for biological treatment of dye house wastewater is 
shown in Figure 12.

Figure 12: Diagram for adapting dye house wastewater for 
biological treatment.

Conclusions
The optimum conditions for removing dyes from their aqueous 

solutions were determined and found to be 3 g/l H2O2, 120 mg/l 
ferrous sulfatehepta hydrate, pH 3 and retention time of about 100 
minutes; these conditions achieve color removal of dyes reach 94%
from their aqueous solution.

The color removal for the treated wastewater for Disperse 
Yellow 23, Disperse red 167 and Disperse Blue 2BLN were 84.66%, 
77.19% and 79.63% respectively. This reinforces the ability of using 
Fenton reaction for removing colors of these dyes from their 
wastewater.
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Reduction percent in COD for dyes from their wastewater were
75.81%, 78.03% and 78.14% for Disperse Yellow 23, Disperse red 167
and Disperse Blue 2BLN respectively. It's necessary to inhibit the effect
of remaining H2O2 by adding manganese oxide and filtration before
measuring COD.

Fenton reaction not only leads to color removal of the dyes from
wastewater but also leads to a significant COD reduction; this adapts
the treated wastewater prior to biological treatment.



References
1. McMullan G, Meehan C, Conneely A, Kirby N, Robinson T, Nigam P,

Banat IM, Marchant R, Smyth WF (2001) Microbial decolourisation and
degradation of textile dyes. Appl Microbiol Technol 56: 81–87.

2. Little LW, Lamb JC, Chilling worth MA, Durkin WB (1974) Acute
toxicity of selected commercial dyes to the fathead minnow and
evaluation of biological treatment for reduction of toxicity. In: Proc. 29th
Ind. Waste Conf., Purdue University, Lafayette, IN, USA, pp524–534.

3. Nigam P, Armour G, Banat IM, Singh D, Marchant R (2000) Physical
removal of textile dyes and solid state fermentation of dye-adsorbed
agricultural residues. Bioresour Technol 72: 219–226.

4. Azbar N, Yonar T, Kestioglu K (2004) Comparison of various advanced
oxidation processes and chemical treatment methods for COD and color
removal from a polyester and acetate fiber dyeing effluent. Chemosphere
55: 35–43.

5. Dae-Hee A, Won-Seok C, Tai-Il Y (1999) Biochemistry 34: 429–439.
6. Glaze WH, Kang JW, Chapin DH (1997) ozone. Sci Eng 9: 335-352.
7. Umran TU, Seher T, Emre O, Ulker BO (2015) Treatment of Tissue

Paper Wastewater: Application of Electro-Fenton Method. International
Journal of Environmental Science and Development 6: 415-418.

8. J. Chen, PhD Thesis (1997) Advanced Oxidation Technologies:
Photocatalytic treatment of wastewater. Department of Environmental
Tech of Wageningen, Agricultural University, Netherlands.

9. Fenton HJH (1894) J Chem Soc 65: 899-910, as cited in reference 8.
10. Kitis M, Adams CD, Daicger GT (1999) The effects of Fenton's reagent

pretreatment on the biodegradability of nonionic surfactants. Water Res
3: 2561-2568.

11. Wali FKM (2005) Chemical studies on some new direct dyes and
application of advanced oxidation technology for removal of their
residuals in wastewater. PhD Thesis, Faculty of Science (Damietta),
Mansoura University, Egypt.

12. Clarke N, Knowles G (1982) High purity water using H2O2 and UV
radiation. Effluent Water Treat J 23: 335–341.

13. Carey JH (1990) An introduction to advanced oxidation processes (AOP) 
for destruction of organics in wastewater. In: A Symposium on Advanced 
Oxidation Process for Contaminated Water and Air Proceedings, 
Toronto, Canada.

14. Kuo WG (1992) Decolorizing dye wastewater with Fenton's reagent.
Water Res 26: 881-886.

15. Keshmirizadeh E, Farajikhajehghiasi M (2014) Decolorization and
Degradation of Basic Blue 3 and Disperse Blue 56 Dyes Using Fenton
Process. Journal of Applied Chemical Research 8: 81-90.

16. Daniel CH (1995) Quantitative chemical analysis (4th edn), Michelson
laboratory. China Lake, California USA.

17. Jeffery GH, Bassett J, Mendham J, Denney RC (1989) Vogel's Textbook of
Quantitative Chemical Analysis. Longman Scientific and Technical, UK.

18. APHA, AWWA and WPCF (1995) Standard Methods for the
Examination of water and Wastewater. Washington DC, USA.

19. Zollinger H (1987) Colour Chemistry-Synthesis, Properties of Organic
Dyes and Pigments. VCH Publishers, New York, USA.

20. Tony MA (2005) Use of Photo-Fenton processes for wastewater
treatment. MSc Thesis, Faculty of Engineering, El-Minia University,
Egypt.

21. Rodriguez M (2003) PhD Thesis, Barcelona University, Spain.
22. Ghaly MY, Hartel G, Mayer R, Haseneder R (2001) Photochemical

oxidation of p-chlorophenol by UV/H2O2 and photo-Fenton process. A
comparative study. Waste Management 21: 41-47.

23. Pingatello JJ (1992) Dark and photoassisted iron(3+)-catalyzed
degradation of chlorophenoxy herbicides by hydrogen peroxide. Environ
Sci Technol 26: 944-951.

24. Perez M, Torrades F, Jose A, Domenech X, Peral J (2002) Removal of
organic contaminants in paper pulp treatment effluents under Fenton
and photo-Fenton conditions. Applied Catal B: Environmental 36: 63-74.

25. Stanisław L, Lucyna B (2012) Application of Fenton reagent in the textile
wastewater treatment under industrial conditions. Proceedings of
ECOpole 6.

26. USAEC (1997) CR-97013, 99-100.
27. Chung KT, Stevens SEJ, Serniglia CE (1992) The Reduction of Azo Dyes

by the Intestinal Microflora. Crit Rev Microbiol 18: 175-197.
28. Panswad T, Luangdilok W (2000) Decolorization of reactive dyes with

different molecular structures under different environmental conditions.
Water Res 34: 4177-4184.

29. Kumar DR, Song BJ, Kim JG (2007) Electrochemical degradation of
Reactive Blue 19 in chloride medium for the treatment of textile dyeing
wastewater with identification of intermediate compounds. Dyes and
pigments 72: 1-7.

30. Tony MA, Bedri Z (2014) Experimental Design of Photo-Fenton
Reactions for the Treatment of Car Wash Wastewater Effluents by
Response Surface Methodological Analysis. Advances in Environmental
Chemistry, Volume 2014, Article ID 958134.

31. Gupta VK, Khamparia S, Tyagi I, Jaspal D, Malviya A (2015)
Decolorization of mixture of dyes: A critical review. Global J Environ Sci
Manage 1: 71-94.

Citation: Farouk KM Wali (2015) Color Removal and COD Reduction of Dyeing Bath Wastewater by Fenton Reaction. Int J Waste Resources 5:
171. doi:10.4172/2252-5211.1000171

Page 6 of 6

Int J Waste Resources
ISSN:2252-5211 IJWR, an open access journal

Volume 5 • Issue 1 • 1000171

http://www.ncbi.nlm.nih.gov/pubmed/11499950
http://www.ncbi.nlm.nih.gov/pubmed/11499950
http://www.ncbi.nlm.nih.gov/pubmed/11499950
http://www.sciencedirect.com/science/article/pii/S0960852499001236
http://www.sciencedirect.com/science/article/pii/S0960852499001236
http://www.sciencedirect.com/science/article/pii/S0960852499001236
http://www.sciencedirect.com/science/article/pii/S0045653503010609
http://www.sciencedirect.com/science/article/pii/S0045653503010609
http://www.sciencedirect.com/science/article/pii/S0045653503010609
http://www.sciencedirect.com/science/article/pii/S0045653503010609
http://www.ijesd.org/index.php?m=content&c=index&a=show&catid=60&id=977
http://www.ijesd.org/index.php?m=content&c=index&a=show&catid=60&id=977
http://www.ijesd.org/index.php?m=content&c=index&a=show&catid=60&id=977
http://www.sciencedirect.com/science/article/pii/S004313549800476X
http://www.sciencedirect.com/science/article/pii/S004313549800476X
http://www.sciencedirect.com/science/article/pii/S004313549800476X
http://www.sciencedirect.com/science/article/pii/0043135492901927
http://www.sciencedirect.com/science/article/pii/0043135492901927
http://jacr.kiau.ac.ir/archive/vol8no3/8.pdf
http://jacr.kiau.ac.ir/archive/vol8no3/8.pdf
http://jacr.kiau.ac.ir/archive/vol8no3/8.pdf
http://www.sciencedirect.com/science/article/pii/S0956053X00000702
http://www.sciencedirect.com/science/article/pii/S0956053X00000702
http://www.sciencedirect.com/science/article/pii/S0956053X00000702
http://pubs.acs.org/doi/abs/10.1021/es00029a012
http://pubs.acs.org/doi/abs/10.1021/es00029a012
http://pubs.acs.org/doi/abs/10.1021/es00029a012
http://www.sciencedirect.com/science/article/pii/S0926337301002818
http://www.sciencedirect.com/science/article/pii/S0926337301002818
http://www.sciencedirect.com/science/article/pii/S0926337301002818
http://informahealthcare.com/doi/abs/10.3109/10408419209114557
http://informahealthcare.com/doi/abs/10.3109/10408419209114557
http://www.sciencedirect.com/science/article/pii/S0043135400002001
http://www.sciencedirect.com/science/article/pii/S0043135400002001
http://www.sciencedirect.com/science/article/pii/S0043135400002001
http://www.sciencedirect.com/science/article/pii/S0143720805002391
http://www.sciencedirect.com/science/article/pii/S0143720805002391
http://www.sciencedirect.com/science/article/pii/S0143720805002391
http://www.sciencedirect.com/science/article/pii/S0143720805002391
http://www.hindawi.com/journals/aec/2014/958134/
http://www.hindawi.com/journals/aec/2014/958134/
http://www.hindawi.com/journals/aec/2014/958134/

	Contents
	Color Removal and COD Reduction of Dyeing Bath Wastewater by Fenton Reaction
	Abstract
	Keywords:
	Introduction
	Materials and Methods
	Materials
	Dye solutions and dye house wastewater
	Color measurement
	Chemical oxygen demand (COD) measurement
	Suspended solids (SS) and surfactants measurement

	Results and Discussion
	Optimum conditions for color removal of dyes from their aqueous solutions
	Treatment of wastewater of dyeing bath by Fenton
	Evaluation of COD removal from wastewater of dyes

	Conclusions
	References




