IJCPS Vol. 3, No. 6, Nov-Dec 2014

ISSN:2319-6602

www.ijcps.org

International Journal of Chemical and Physical Sciences

Photo Fenton Induced Decolorization Study of Malachite Green Dye Solutions
ANOOP P. FARTODE 1 AND D.V. PARWATE 2
1

Deprtment of Chemistry K.D.K .College of Engineering, Nagpur-440009 , India.
2
Deprtment of Chemistry, R.T.M. Nagpur University, Nagpur-440033 , India.
Corresponding author e-mail: fartodeanup@rediff.com

Abstract
Advanced Oxidation Processes have proved their superiority over the conventional techquines in
decolorizing the dye waste water due to their ability to produce highly reactive .OH radicals. The
decolorization of aqueous solutions of Malachite Green dye is studied using photo Fenton’s
process which involves hydrogen peroxide and Fe2+ in presence of UV radiations. The
combination of UV radiations with Fenton’s reagent has found to enhance the rate and extent of
decolorization of dye solution which may be due to the production of additional .OH radicals by
multiple pathways. Additional equivalent of .OH radicals are formed due to photolytic
conversion of Fe3+(produced due to reaction of H2O2 with Fe2+ ions) to Fe2+.The dye
degradation using this technique has been found to be governed by the factors like initial dye
concentration, quantity of hydrogen peroxide and ferrous ion and the intensity of radiation. The
Photo-Fenton-Reaction has many advantages like comparatively low doses of Fe2+, higher rate
of degradation, lower operational cost etc. as compared to classical Fenton-Reaction.
Keywords : A.O.P., photolysis, dye degradation, photo Fenton’s process.
Introduction
With the accidental invention of first synthetic dye, Mahue, the synthetic dyes have dominated the then
used natural dyes due to their superior characteristics like variety of shades and tones, bulk production,
fastness, ease of applications and so on[1]. They almost replaced the natural dyes by the end of nineteenth
century. Synthetic dyes not only impart the diverse colours ,but themselves are diverse in chemical
structure, characteristics and hence find themselves in variety of applications. It is estimated that around
450,000 dyes differing in chemical constitution and properties are synthesized in tremendously large
quantities and are used extensively in diverse applications like textile industry, paper industry, medicines,
cosmetics, food etc[2]. Around 15-20 % of the dyes used are supposed to be lost during dyeing
processing, thus generating huge quantity of coloured effluents containing dyes, most of which are
considered as toxic, recalcitrant and potentially carcinogenic , in varying amounts[3,4].
Unfortunately most of these effluents are released directly to main stream water sources, thereby
burdening the environment with loads of contaminants. The presence of dyes, even at trace level is highly
visible in water and highly undesirable [5] to aesthetic appeal as well as for sustaining aquatic life. The
dyes considerably reduce the penetration of sunlight into water, causing disturbances in the
photosynthetic activity. Moreover, if such water containing dyes or their degradation products get into
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main stream water sources, it can induce several health hazards like diarrhea, vomiting, nausea, cancer,
ulceration of skin and mucous membrane in addition to causing severe damage to liver, kidney, brain,
reproductive system in human beings [6,7].
Hence, it is expected that, these dye effluents should be treated effectively before they are released into
water bodies. However, the technologies that are used conventionally like physical, chemical and
biological processes, are inadequate and inefficient to degrade synthetic dyes, as most of these dyes are
structurally very stable and hence resistant to degradation[8-13].
Therefore, to look for the techniques that would overcome this problem effectively had been a matter of
utmost priority for last few decades. The exhaustive research in this regard has lead to invention of
advanced oxidation processes and various researchers have reported their effectiveness in achieving the
nearly complete degradation of dyes without hampering the environment.
The advanced oxidation processes have been reported to hold promising future as these are capable of
achieving almost complete degradation of dyes from waste waters [14-21].These methods are based on
the principle of generation of highly reactive hydroxyl radical (.OH) at a certain stage , which is supposed
to be capable for the destruction of pollutants [22]. Owing to their high standard oxidation potential
(2.8V), these .OH radicals are able to oxidize almost all the organic compounds to CO2 and water.
In present work, decolorization of aqueous solutions of Malachite Green using Photo Fenton’s reagent is
investigated.
The use of Photo-Fenton reagent (H2O2 / Fe2+ / UV) is well established and has been successfully utilized
to treat wastewater and soil [23-28]. This method has been found be superior to Fenton or Fenton-like
reagents, since it involves interaction of UV radiation with Fenton’s reagent. This technique has shown
positive results in removing pollutants from natural and industrial waste water and increasing the
biodegradability of dyes that are encouraging . This process is also being used as a pre-treatment method
to decrease the toxicity of waste water [29,30].
In general the dye degradation using this technique has been found to be governed by the factors like
initial dye concentration, quantity of hydrogen peroxide and ferrous ion and the intensity of radiation.
When compared to Fenton’s reaction or H2O2/UV technique, the photo Fenton reaction has shown overall
more dye degradation which may be due to the production of .OH radicals by multiple pathways.
Mechanism of Photo Fenton’s Reaction
The .OH are generated in photo Fenton process through the photolysis of H2O2( H2O2/UV rays) and
Fenton reaction (H2O2/Fe2+). In photo Fenton process, additional equivalent of .OH are formed due to
photolytic conversion of Fe3+ produced to Fe2+.
Fe2+ + H2O2
Fe + HO
2+

.

Fe3+ + OH- + .OH
Fe + OH
3+

-

(1)
(2)

Photo Fenton Induced Decolorization Study of Malachite Green Dye Solutions

ANOOP P. FARTODE
AND D.V. PARWATE

-2-

IJCPS Vol. 3, No. 6, Nov-Dec 2014

ISSN:2319-6602

www.ijcps.org

International Journal of Chemical and Physical Sciences

HO. + RH

H2O + R.

R. + Fe3+

R+ + Fe2+

Fe + H2O + hν
3+

(3)
(4)

Fe + H + HO
2+

+

.

(5)

The hydroxyl radicals formed in Eq.(5) react with organic species in similar manner as in Eq.(3) to
promote their oxidation thus enhancing the rate and extent of degradation. As the photolysis of Fe(OH)2
regenerates Fe2+ ions, photo Fenton’s reaction would need less dosages of Fe2+ compared to conventional
Fenton’s process. In addition to this, photo-Fenton-Reaction shows many advantages such as higher rate
of dye degradation, lower operational cost due to low chemical consumption, etc in comparison with the
classical Fenton-Reaction .
The present communication explores the possibility of decolorization of Malachite Green dye aqueous
solutions using photo Fenton’s reagent. Malachite Green dye is used extensively for dyeing leather,
wool, cotton, jute, paper, certain fibers etc. and for such purposes it has been produced in large quantities
and extremely variable qualities. Malachite Green and its metabolites and breakdown products may not be
completely removed by wastewater treatment and may be present in sufficient amounts in effluents from
industry or waste water treatment plants or other sources.
Experimental
Materials
All chemicals used were of AR grade. The Malachite Green was procured from HiMedia and was used
without any further purification. All the solutions were prepared afresh using double distilled Water.
H2O2( 30% ) solution was used as a source of H2O2 .

Structure of Malachite Green Dye
Methodology
The stock solution of Malachite Green dye was prepared by dissolving 10 mg of dye in 50 ml of doubly
distilled water. In order to study the effect of photo Fenton’s reagent on the rate and extent of
decolorization, an appropriate concentration of dye solution was selected having medium absorbance. The
stock solution of FeSO4.7H2O was prepared as a source of Fe2+ while 30% H2O2 solution ( Merck) was
used as a source of H2O2 with appropriate dilutions. The sample solutions were prepared by transferring
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10 ml each of this selected dye concentration to 50 ml beakers followed by addition of conc.H2SO4 so as
to maintain pH of sample solutions in required acidic range. It was then followed by the addition of H2O2
and Fe2+ solution such that firstly the concentration of H2O2 was kept constant and Fe2+ concentration was
varied and then vice-versa. Decolorization of the sample solutions was carried out by exposing them to
various doses of UV rays by placing them in UV reactor, having Hg lamp (12 W) as a source of UV rays.
The decoloration was followed as a function of decrease in absorbance of irradiated samples and was
measured on Spectronic-D20 spectrophotometer at λ max of 619 nm.
Results and Discussion
Calibration plot
The calibration curve for Malachite Green dye (as shown in Fig.1.) is prepared so as to determine the
concentration of Malachite Green dye remaining in solution after irradiation, by plotting absorbance
values against concentration of dye solutions. The calibration curve between concentration and
corresponding absorbance was found to be linear with regression coefficient of 0.99 at 619 nm.

Figure 1 Calibration plot of Malachite Green dye
Decolorization study
Concentration of both, H2O2 and Fe2+ plays a vital role in degradation of dye as evident from the
following discussion.
Effect of H2O2 on rate and extent of decolorization
In the present study, it was observed that UV rays or H2O2 either alone or in combination were ineffective
in bringing about the effective decolorization ( Fig.2). Fenton’s reagent alone when employed was found
to decolorize the dye solutions to a satisfactory level, but the efficiency of Fenton’s reagent was found to
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enhance when coupled with UV rays. This could be attributed to generation of additional .OH radicals as
per the equation (5) mentioned earlier.

Figure 2 Decolorization using a) UV rays only and (b) H2O2+ UV rays
The concentration of hydrogen peroxide plays a vital role in dye degradation as described in many studies
[31-35]. As concentration of hydrogen peroxide increases, the degradation of dyes also increases. This
can be explained on the basis that, the amount of oxidant present in the reaction system is higher for the
same initial concentration of dye and catalytic ferrous ions.
Figure 3 depicts the effect of H2O2 concentration on the extent of photo Fenton induced decolorization of
dye solutions. It can be seen from the graph that, increase in H2O2 concentration (keeping all other
parameters constant), increases the rate of decolorization.

Figure 3 Effect of H2O2 concentration on rate and extent of decolorization
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Effect of Ferrous Ion Concentration [Fe2+]
Fig.4 represents the effect of ferrous ion concentration (keeping all other parameters constant) on the
extent of dye degradation. It is clear that with an increase in the concentration of iron, dye degradation
also increases to a point where further addition of iron becomes inefficient. The optimum amount of iron
catalyst is characteristic of Fenton’s reagent, although its exact amount varies from dye to dye solution.

Figure 4 Effect of ferrous ion concentration on rate and extent of decolorization
The influence of ferrous ions in dye degradation is similar to the one for hydrogen peroxide. When Fenton
concentration increases, the degradation of dye also increases, because the amount of catalyst present in
the reaction system is higher for the same initial concentration of dye and hydrogen peroxide [36].
The very low extent of decolorization of dye using UV rays alone in this study may be due to fact that the
energy of UV rays alone is unable to produce OH. radicals in the required proportion or produce .OH
radicals at a such slow rate that it is unable for destruction of dye molecules .
Conclusion
In the present study, the decoloration of Malachite Green dye solutions was achieved effectively using
photo Fenton reagent. The degradation rate and extent increased with increase in concentration of H2O2
(when other parameters were kept constant) and similar was the observation for Fe2+ concentration (when
other parameters were kept constant). Thus, decolorization of dye containing effluents can be achieved
effectively by using photo Fenton’s advanced oxidation process. This process has some major advantages
over conventional Fenton’s reagent like higher rate of degradation, low operational cost owing to reduced
requirement of chemicals, generation of low quantity of sludge etc.

Photo Fenton Induced Decolorization Study of Malachite Green Dye Solutions

ANOOP P. FARTODE
AND D.V. PARWATE

-6-

IJCPS Vol. 3, No. 6, Nov-Dec 2014

ISSN:2319-6602

www.ijcps.org

International Journal of Chemical and Physical Sciences

References
[1]
[2]
[3]
[4]
[5]
[6]

[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

Shrivastava, A. and Dedhia, E. M. 2006. Extraction and dyeing methods for natural dyes.
Natural dyes: scope and challenges pp. 67-80 ISBN 81-7233-445
Lourenço, N. D., Novais, J. M., Pinheiro, H. M. Effect of some operational parameters on textile
dye biodegradation in a sequential batch reactor. Journal of Biotechnology 89, 163, 2001.
Gemeay, A.H., Mansour, I.A., El-Sharkawy, R.G., Zaki, A.B. Kinetics and mechanism of
the heterogeneous catalyzed oxidative degradation of Malachite Green. Journal of Molecular
Catalysis A: Chemical 193, 109, 2003.
Parsons, S. Advanced oxidation processes for water and wastewater. IWA Publishing,2004.
Hao, O.J., Kim, H., Chiang, P-C. Decolorization of Wastewater. Critical Reviews in
Environmental Science and Technology 30(4), 449, 2000.
Kadirvelu, K., Kavipriya, M., Karthika, C., Radhika, M., Vennilamani, N., Pattabhi, S.
Utilization of various agricultural wastes for activated carbon preparation and application
for the removal of dyes and metal ions from aqueous solutions. Bioresource Technology
87, 129, 2003.
Solpan, D., Güven, O., Takács, E., Wojnárovits, L., and Dajka, K. High-energy irradiation
treatment of aqueous solutions of azo dyes: steady-state gamma radiolysis experiments. Rad. Phy.
Chem.67, 531, 2003.
Georgiou, D.; Hatiras, J.; Aivasidis, A., MicrobialImmobilization in a Two-Stage Fixed BedReactor Pilot Plant for On-Site Anaerobic Decolorization of TextileWastewater,Enzyme and
Microbial Technology,37 (2005), 597-605.
Sarasa, J.; Roche, M P.; Ormad, M. P.; Gimeno, E.;Puig, A.; Ovelleiro, J. L., Treatment of a
WastewaterResulting From Dyes Manufacturing With Ozone and Chemical Coagulation, Water
Research, 32 (1998), 2721-2727
Liakou, S.; Kornaros, M.; Lyberatos, G., Pretreatmentof Azo-Dyes Using Ozone,Water Science
andTechnology, 36 (1997), 155-163.
Wang, C. H.; Yediler, A.; Lienert, D.; Wang, Z.;Kettrup, A., Ozonation of an Azo-Dye C.I.
Remazol Black 5 and Toxicological Assessment of Its Oxidation Products, Chemosphere, 52
(2003), 1225-1232.
Crittenden, J. C., Suri, R. P. S.,Perram, D. L., Hand, D. W.Decontamination of water using
adsorptionand photocatalysis. Water Research ,v. 31,n. 3, p. 411-418, 1997a.
Crittenden, J. C., Liu, J., Hand, D. W.,Perram, D. L. Photocatalytic oxidation of chlorinated
hydrocarbons in water. WaterResearch, v. 31, n. 3, p. 429-438, 1997b
Chen, C; Zhang, X; He, W; Lu, W and Han, H. Comparison of seven kinds of drinking water
treatment processes to enhance organic material removal, A pilot test. Science of The Total
Environment, 2007, 382, 93-102.
Mounir, B; Pons, MN; Yaacoubi, OA and Benhammou, A. Discoloration of a red cationic dye by
supported TiO2 photocatalysis. Journal of Hazardous Materials, 2007,48, 513-520.
Torres, RA; Abdelmalek, F; Combet, E; Pétrier, C and Pulgarin, CA. comparative study of
ultrasonic cavitation and Fenton's reagent for bisphenol A degradation in deionised and natural
waters. Journal of Hazardous Materials, 2007, 146, 546-551.
Will, IBS; Moraes, JEF; Teixeira, ACSC; Guardani, R and Nascimento, CAO. Photo-Fenton
degradation of wastewater containing organic compounds in solar reactors. Separation and
Purification Technology, 2004, 34, 51-57.
Habibi, MH and Vosooghian, H. Photocatalytic degradation of some organic sulfides as
environmental pollutants using titanium dioxide suspension. Journal of Photochemistry and
Photobiology A, Chemistry, 2005, 174, 45-52.
Rauf, MA; Ansari, FL and Abassi, G. Photocatalytic degradation of some azo dyes, J. Fac.
Sci.(UAEU), 2004, 13, 41-45.

Photo Fenton Induced Decolorization Study of Malachite Green Dye Solutions

ANOOP P. FARTODE
AND D.V. PARWATE

-7-

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

IJCPS Vol. 3, No. 6, Nov-Dec 2014

ISSN:2319-6602

www.ijcps.org

International Journal of Chemical and Physical Sciences

Malik, PK and Saha, SK. Oxidation of direct dyes with hydrogen peroxide using ferrous ion as
catalyst, Sep. Purif. Tech., 2003, 31, 241-250.
Liu, CC; Hsieh, YH; Lai, PF; Li, CH and Kao, CL. Photodegradation treatment of azo dye waste
water by UV/TiO2 process. Dyes and Pigments, 2006, 68, 191-195.
Georgiou, D; Melidis, P; Aivasidis, A and Gimouhopoulos, K. Degradation of azo reactive dyes
by UV radiation in the presence of hydrogen peroxide. Dyes and Pigments, 2002, 52, 69-78.
Alnuaimi, MM; Rauf, MA and Ashraf, SS. A comparative study of Neutral Red decoloration by
photo-Fenton and photocatalytic processes. Dyes and Pigments, 2008,76, 332-337.
Peternel, IT; Koprivanac, N; Božić, AML and Kušić, HM. Comparative study of UV/TiO2,
UV/ZnO and photo-Fenton processes for the organic reactive dye degradation in aqueous
solution. Journal of Hazardous Materials, 2007, 148, 477-484.
Chen, J and Zhu, L. UV-Fenton discoloration and mineralization of Orange II over hydroxyl-Fepillared bentonite. Journal of Photochemistry and Photobiology A,Chemistry, 2007, 188, 56-64.
Liu, R; Chiu, HM; Shiau, CS; Yeh, RYL and Hung, Y.T. Degradation and sludge production of
textile dyes by Fenton and photo-Fenton processes. Dyes and Pigments,2007, 73, 1-6.
Montaño, JG; Torrades, F; Hortal, JAG; Domènech, X and Peral, J. Degradation of Procion Red
H-E7B reactive dye by coupling a photo-Fenton system with a sequencing batch reactor. Journal
of Hazardous Materials, 2006, 134, 220-229.
Torrades, F; Montaño, JG; Hortal, JAG; Domènech, X and Peral, J. Decolorization and
mineralization of commercial reactive dyes under solar light assisted photo-Fenton conditions,
Solar Energy, 2004, 77, 573-581.
Zheng, H; Pan, Y and Xiang, X. Oxidation of acidic dye Eosin Y by the solar photo-Fenton
processes. Journal of Hazardous Materials, 2007, 141, 457-464.
Bali, U; Çatalkaya, E and Şengül, F. Photodegradation of Reactive Black 5, Direct Red 28 and
Direct Yellow 12 using UV, UV/H2O2 and UV/H2O2/Fe2+, a comparative study.Journal of
Hazardous Materials, 2004, 114, 159-166.
Ghaly, MY; Farah, JY and Fathy, AM. Enhancement of decolorization rate and COD removal
from dyes containing wastewater by the addition of hydrogen peroxide under solar photocatalytic
oxidation, Desalination, 2007, 217, 74-84.
Dong, Y; He, L and Yang, M. Solar degradation of two azo dyes by photocatalysis using Fe(III)oxalate complexes/H2O2 under different weather conditions. Dyes and Pigments, 2008, 77, 343350.
Chen, J and Zhu, L. UV-Fenton discoloration and mineralization of Orange II over hydroxyl-Fepillared bentonite. Journal of Photochemistry and Photobiology A,Chemistry, 2007, 188, 56-64.
Jóźwiak, WK; Mitros, M; Czaplińska, JK and Tosik, R. Oxidative decomposition of Acid Brown
159 dye in aqueous solution by H2O2/Fe2+ and ozone with GC/MS analysis. Dyes and Pigments,
2007, 74, 9-16.
Xu, XR; Li, HB; Wang, WH and Gu, JD. Degradation of dyes in aqueous solutions by the Fenton
process. Chemosphere, 2004, 57, 595-600.
Alshamsi, FA; Albadwawi, AS; Alnuaimi, MM; Rauf, MA and Ashraf, SS.Comparative
efficiencies of the degradation of Crystal Violet using UV/hydrogen peroxide and Fenton's
reagent. Dyes and Pigments, 2007, 74, 283-287.

Photo Fenton Induced Decolorization Study of Malachite Green Dye Solutions

ANOOP P. FARTODE
AND D.V. PARWATE

-8-

