
INTRODUCTION

Due to large amount of water consumed in textile industry

(especially in the process of dyeing), it has become the greatest

generators of effluents. The effluent generated from these

industries contains a wide range of dyes and other complex

products. There is reduction in dissolved oxygen demand due

to liberation of coloured wastewater into lakes and rivers thus

making anoxic environments which are hazardous to inhabitant

organisms1. Dyes present in the aquatic ecosystems reduce

the penetration of light into deeper layers, which decline the

quality of water, hinder the photosynthetic process and lower

the solubility of gas that cause severe toxicity in aquatic life.

Dye containing wastewater may also cause damages to the

human body, kidneys, liver, reproductive system, brain and

nervous system2-4. A number of methods have been employed

to treat wastewaters such as adsorption5, coagulation6 and

membrane methods7 that are useful physical and chemical

processes for decolourization but these method utilize more

chemicals and energy and may generate sludge8. Combination

of two or more methods for the successful and complete

removal are employed to meet the permissible discharge of
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potential to decolourize reactive red 195.
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wastewater. Combined chemical coagulation and electro-

chemical9, combination of activated sludge, chemical coagu-

lation and electrochemical oxidation process10 and combined

ion exchange, electrochemical method and chemical coagu-

lation11 have been used to treat coloured effluent. However,

there is only limited research on the combined treatment process

of reduction and oxidation to remove reactive dyes. The objec-

tives of the present work were to optimize environmental

conditions for efficient removal of dye by redox process.

EXPERIMENTAL

The commercial dye reactive red 195 was provided by a

local textile industry and was used as such without any further

purification. Chemical structure of reactive red 195 is given

in Fig. 1. Solutions of potassium oxalate and ammonium ferric

sulfate were mixed with 3:1 molar ratio in order to prepare

ferrioxalate complex (K3[Fe(C2O4)3]3H2O) symbolized as

Fe(OX)12.

Experiments were run at various dye concentration (10-

100 ppm) under shaking as well as static conditions. Efficiency

of applied reducing agent as well as oxidizing agents was

checked in ratios 1:1 and 1:2 at different time intervals 30,
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Fig. 1. Chemical structure of reactive red 195 (vinyl sulphone dye)

60 and 90 min separately as well as in sequential manner13,14.

Standard methods of decolourization assay based on UV-VIS

spectroscopy was used to get colour removal index. Decolou-

rization was determined by measuring the absorbance of

decolourization media at λmax 542 nm and percentage

decolourization was calculated as follows:

Decolorization efficiency (%) = 100
A

AA

0

t0
×

−

where, A0 = absorbance of the dye solution (initial absorbance)

At = absorbance of the treated dye solution at specific time, t

(final absorbance).

The quality of water after sequential treatment was deter-

mined by measuring the chemical oxygen demand (COD) and

total organic carbon (TOC) following standard methods15 with

some modification. FT-IR spectroscopy was used for the

prediction of possible products being formed during combined

treatment of reactive red 195 with reducing and oxidizing

agents. The extract of metabolites produced during treatment

of reactive red 195 was prepared with ethyl acetate1.

RESULTS AND DISCUSSION

 Treatment of reactive red 195 with reducing agent:

The effect of concentration of sodium sulphite on colour

removal of reactive red 195 was evaluated at different time

intervals under static conditions and by varying the concen-

tration of dye solution from 10-100 ppm (1:1) as shown in

Fig. 2. The decolourization efficiency was 29.6 % at 10 ppm

and then increased by increasing the concentration of reducing

agent upto 46 % at 100 ppm. Maximum colour removal was

observed at time interval 0.5 h and by further increase in time

there was slight decrease in colour removal. This might be

due to reason that longer contact time between reducing agent

and dye molecules, larger amount of secondary coloured

aromatic amines had formed. These being coloured could not

lead to higher colour removal. Decrease in colour removal at

longer contact time has also been reported earlier16. There was

no major difference in decolourization under shaking and static

conditions by reducing agent. So, static conditions were chosen

for the removal of reactive red 195 by Na2SO3.

An inefficient colour removal was noted by using reducing

agent i.e. only 46 %. This lower efficiency can be attributed to

fact that reducing agent caused reduction of azo bond (-N=N-),

which resulted in formation of aromatic amine, itself a recal-

citrant molecule. It could not go under any further chemical

change under reducing environment. So colour was not comp-

letely removed which was obvious from colour (greenish yellow)

of media obtained after reduction treatment.
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Fig. 2. Decolourization efficiency of reactive red 195 by Na2SO3 under

static condition with 1:1 ratio

 Treatment of reactive red 195 with oxidizing agents:

In order to find out the influence of pH on removal of RR 195

by applied oxidizing agents, pH was changed from 1-12 with

HCl and NaOH at 90 min and 100 ppm concentration of dye

solution as shown in Fig. 3. % decolourization of reactive red

195 by potassium permanganate was maximum i.e. 99.3 % at

pH 1. It was decreased gradually by increasing pH upto 12

with colour removal value of 57.46 %.

Mn7+ + 5e– Stongly acidic Mn2+ (1) (Eº = +1.51 V)

Mn7+ + 3e–  Acidic Mn4+ (2) (Eº = +1.70 V)

Mn7+ + 3e– Neutral+Alkaline Mn4+ (3) (Eº = +0.59 V)

Reactions indicated that Eº is higher in acidic solution as

compared to alkaline solution. Thus, the mechanism depends

on the substrate as well as the pH of medium during oxidative

treatment. The results obtained in study presented here are in

good agreement with earlier studies13,14.
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Fig. 3. Effect of pH on decolourization efficiency of reactive red 195 at 90

min under static conditions

Decolourization (%) of reactive red 195 by hydrogen

peroxide was only 22 % in acidic conditions which negligibly

increased with shift of pH from acidic to alkaline media. A

shift of decolourization potential by pH has also been postulated

by Lucas and Peres17 who reported that increase in % decolou-

rization in basic medium is due to the existence of large amount

of OH– ions which could help in the generation of hydroxyl

Vol. 24, No. 6 (2012) Removal of Reactive Red 195 from Synthetic Wastewater  2559



radicals, thus make the oxidation of dye easier. Similar trend

with pH change on efficiency of hydrogen peroxide has also

been reported18-20.

Colour removal of dye by potassium permanganate increased

by increasing the dye concentration. Increase in colour removal

efficiency of reactive red 195 might be due to the increase in

the number of molecules of dye per unit volume, which increase

the chance of collision between oxidizing agent and reactive

red 195. Aleboyeh et al.13 reported the similar results while

studying the effect of concentration of dye on colour removal

from synthetic wastewater. While in case of hydrogen peroxide

and ferrioxalate colour removal was increased by increasing

the concentration of dye upto 30 ppm and then decreased by

further increase in dye concentration. The reason behind this

enhance colour removal by increase in initial dye concentration

is that amount of dye molecules increase with increase in concen-

tration of reactive red 195 up to a certain limit and after this

limit colour removal was decreased due to limited amount of

oxidizing specie in a reaction mixture21,22. Effect of shaking

on decolourization of potassium permanganate, hydrogen

peroxide and ferrioxalate was evaluated by varying the dye

concentration from 10-100 ppm (1:1 ratio of dye and oxidizing

agents) at 90 min time intervals as shown in Fig. 4. Shaking

decreased the colour removal efficiency of KMnO4 by 26 %

as compared to static conditions because KMnO4 shows a nega-

tive effect on decolourization (%) under shaking conditions23,24.

While in case of H2O2 and Fe(OX), there was 10 % increase in
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Fig. 4. Decolourization efficiency (%) of reactive red 195 at 90 min under

static (a) and shaking (b) conditions

colour removal in shaking conditions when compared with

static conditions. Because shaking increase the aeration, which

help in oxidation ability of oxidizing specie. Higher colour

removal at shaking environment might be also due to increased

contact between ´OH radical and dye molecule.

Combined sequential treatment: By combining reduction

and oxidation operations the overall dye removal efficiency

was significantly increased. 69.6 and 71.28 % colour removal

efficiency was observed by H2O2 and Fe(OX) when combined

with Na2SO3 in shaking conditions while KMnO4 alone give

99.3 % colour removal under static conditions. This is due to

the greater oxidative ability of potassium permanganate and

same higher oxidative capability was also reported13. Salem

et al.12 also reported that hydrogen peroxide and ferrioxalate

alone not decolourized the dye significantly. Treatment of dye

with sodium sulphite separately produced aromatic amines

which itself a carcinogenic compounds. Therefore, sequential

treatment (Na2SO3 + oxidizing agents) of reactive red 195 is

preferred to remove colour effectively and reduce toxicity

produced by individual treatment process (Fig. 5).
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Fig. 5. Decolourization efficiency of reactive red 195 by sequential

treatment at 90 min under static (a) and shaking (b) conditions

Mineralization of reactive red 195 by sequential treatment

was also measured by chemical oxygen demand and total

organic carbon. The chemical oxygen demand and total

organic carbon values for untreated reactive red 195 were 75

and 45 mg L-1, respectively. 65, 67 and 69 mg L-1 were the
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chemical oxygen demand values where as 38, 39.66 and 40

mg L-1 were the total organic carbon values for treated dye

with potassium permanganate, hydrogen peroxide and

ferrioxalate, respectively at best working condition. Values

obtained indicating the small decrease in chemical oxygen

demand and total organic carbon reduction values (Fig. 6) due

to formation of new organic substances (xenobiotic) which

are not coloured but require more time for degradation. Xu

et al.25 and Silva et al.26 also reported that colour removal was

greater than drop in chemical oxygen demand and total organic

carbon values due to ease of destruction of chromophore.
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Fig. 6. Chemical oxygen demand and total organic carbon of reactive red

195 before and after sequential treatment at optimized conditions

FT-IR characterization: The FT-IR spectrum of untreated

(control) parent dye reactive red 195 showed several bands in

the 3500-3300 cm-1 region indicated the existence of N-H and

O-H moiety in dye structure. The band at 1615 cm-1 in the

untreated dye represented azo linkage (-N=N-). Presence of

C-N bond was determined by two peaks, which appeared at

2942 cm-1 and at 2882 cm-1 due to symmetric and asymmetric

vibrations, respectively. The band at 3422 cm-1 described the

presence of N-H moiety. Peak appeared at 1161 cm-1 was due to

stretching vibration of S=O. Due to C-Cl stretching vibrations

band formed at 640 cm-1. The C-H stretching was represented

by a band at 2974 cm-1. The bands of C-O stretching vibration

at 1245 cm-1 and 1046 cm-1 specified the phenolic and alcoholic

hydroxyl group, respectively. The band for aromatic ring

appeared at 952 cm-1 (Fig. 7). The FT-IR spectrum of sequen-

tially treated reactive red 195 with reducing agent and oxidizing

agents showed a considerable alteration in the positions of

bands as compared to spectrum of untreated dye. Absence of

(a)

(b)

(c)

(d)

Fig. 7. FT-IR spectrum of reactive red 195 of untreated dye (a) and

sequentially treated dye with KMnO4 (b), Na2SO3 and H2O2 (c),

Na2SO3 and Fe(OX) (d)

band at 1615 cm-1 indicated the complete breakdown of azo

bond. New bands were appeared at 1480 cm-1 and 850 cm-1 (C-N

stretching) indicated the formation of nitro functionality more-

over indication of C=O moiety confirm process of oxidation.

Conclusion

The degradability of reactive red 195 under combined

reducing and oxidizing conditions was studied to find maximum

results. Experiments were carried out to examine the effect of

different parameters (pH, concentration of dye, shaking and

reaction time) on decolourization of reactive red 195. Results

showed that pH greatly influence the decolourization efficiency.

KMnO4 showed maximum decolourization in acidic conditions

while H2O2 and Fe(OX) in alkaline medium. Shaking decreased

the colour removal of KMnO4 while increased the colour

removal efficiency of H2O2 and Fe(OX) by 10 % as compared
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to static conditions. Combined treatment significantly increased

the decolourization efficiency of H2O2 and Fe(OX). Water

quality parameters and FTIR analysis indicated the minerali-

zation of reactive red 195. In fact, this method can be used as

a pre treatment process for the mineralization of dye solution.

It can be combined with the other methods to degrade waste-

water completely.

REFERENCES

1. D.C. Kalyani, A.A. Telke, R.S. Dhanve and J.P. Jadhav, J. Hazard.

Mater., 163, 735 (2009).

2. C. Fernendes, V.S. Lalithu and K.V.K. Kao, Carcinogenesis, 12, 839

(1997).

3. A.L. Henderson, T.C. Schmitt, T.M. Heinze and C.E. Cerniglia, App.

Environ. Microbiol., 63, 4099 (1997).

4. A.S. Ozcan and A. Ozcan, J. Coll. Inter. Sci., 276, 39 (2004).

5. S.J. Allen and B. Koumanova, J. Uni. Chem. Tech. Metall., 40, 175

(2005).

6. T.H. Kim, C.H. Park, E.B. Shin and S.Y. Kim, Desalination, 161, 49

(2004).

7. C. Tang and V. Chen, Desalination, 143, 11 (2002).

8. R.G. Saratale, G.D. Saratale, J.S. Chang and S.P. Govindwar, J. Haz-

ard. Mater., 166, 1421 (2009).

9. S.H. Lin and C.F. Peng, Water Res., 28, 277 (1994).

10. S.H. Lin and C.F. Peng, Water Res., 30, 587 (1996).

11. S.H. Lin and M.L. Chen, Water Res., 31, 868 (1997).

12. M.A. Salem, S.T.A. Halim, A.E. Hamid, M.E. Sawy and A.B. Zaki,

Chemosphere, 76, 1088 (2009).

13. A. Aleboyeh, M.E. Olya and H. Aleboyeh, J. Hazard. Mater., 162,

1530 (2009).

14. X.R. Xu, H.B. Li, W.H. Wang and J.D. Gu, Chemosphere, 59, 893 (2005).

15. A.E. Greenberg, L.S. Clesceri and A.D. Eaton. Standard Methods for

the Examination of Water and Wastewater, American Public Health

Association & Water Environment Federation. Washington, D.C., edn 20

(1998).

16. M.M. Cook, in eds.: A. Reife and H.S. Freeman,Environmental Chemistry

of Dyes and Pigments, John Wiley & Sons, Inc., New York, Ch. 2, pp.

pp. 33-41 (1996).

17. M.S. Lucas and J.A. Peres, Dyes Pigments, 71, 236 (2006).

18. S.K. Kansal, M. Singh and D. Sud, J. Hazard. Mater., 141, 581 (2007).

19. N. Sobana and M. Swaminathan, Sep. Purif. Technol., 56, 101 (2007).

20. M.H. Karaoglu and M. Ugurlu, J. Hazard. Mater., 174, 864 (2010).

21. P.K. Malik and S.K. Saha, Sep. Purif. Technol., 31, 241 (2003).

22. A.M.E. Dein, J.A. Libra and U. Wiesmann, Water Sci. Technol., 44,

295 (2001).

23. K. Jirasripongpun, R. Nasanit, J. Niruntasook and B. Chotikasatian,

Int. J. Sc. Tech., 12, 6 (2007).

24. V. Zope, M. Kulkarni and M. Chavan, J. Sci. Ind. Res., 66, 411 (2007).

25. G.R. Xu, Y.P. Zhang and G.B. Li, J. Hazard. Mater., 161, 1299 (2009).

26. A.C. Silva, J.S. Pic, G.L.S. Anna and M. Dezotti, J. Hazard. Mater., 169,

965 (2009).

2562  Noreen et al. Asian J. Chem.


