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ABSTRACT

The decolorization of the azo dye Reactive Black 5 in aqueous solution has been studied using UV/TiO, and
photo-Fenton processes. The effects of operating parameters, such as pH, H,0, dosage, TiO, dosage, Fe** dosage
and the initial dye concentration, were investigated. The optimal conditions for each of the processes were obtained.
The kinetics data in both the cases fitted well to the first-order equation. A comparison of the results under the
optimal conditions showed that the azo dye Reactive Black 5 was found to undergo substantial and rapid
decoloration by both the method. However, the decoloraztion of the azo dye by the photo-Fenton processes was
much more efficient.
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INTRODUCTION

Wastewater from textile and dye industries[1] arghly polluted by suspended solids, high chemicaygen
demand values, high biochemical oxygen demand sahmat, acidity, basicity and other soluble suixsta. Most
of pollutants, except color, can be reduced by ébaimphysical or biological methods. Thereforeg tbolor
problem of some textile wastewater caused by thiglual dyes during the dyeing process needs mdéoet & be
studied and investigated. Color removal from texiilastewater has also been a matter of consideiratielest
during the last two decades, not only becauseeptitential toxicity of certain dyes but often daeheir visibility
in recipient waters [2].

Reactive azo dyes are the largest group of orgdyés with —N=N- group as a chromophore in the modé&c
strucure and represent more than a half of theadjldye production specially because of their widage in dyeing
industries due to the simple dyeing procedure[3lese reactive dyes blong mostly to the non-biodkdie and
recalcitrant type of water pollutants, which makéated sludge treatment methods inadequate. @ temsidence
time for microorganisms to degrade such a pollutantquired, because they are affected by orgpoiitant
toxicity. More intense physical/chemical onditiosi® needed in order to remove dyes form the waste\j4,5].
Physical treatment of colored wastewater requirpest-treatment to remove newly secondary waste.chiemical
oxidation of toxic and hazardous organic pollutamtisich are frequently present in surface wates\aastewaters,

is often carried out by using single oxidants sazbine, hydrogen peroxide, potassium permangartatajre, etc.
Among chemical methods, especially advanced oxidgbrocess, such as photocatalytic oxidation, phRetaton,
electro-Fenton, UV/ kD, and ozonation processes eem to be more promsiig[These processes base on
generation of powerfully oxidizing radicals (esdlgi « OH). Degradation of azo dye by Fenton type processe
could be significally accelerated in the presenfcg\é irradiation, resulting with complete mineradizon of the azo
dye [10]. The use of Tigas semiconductor photocatalysts for environmesiésn up promises increasing attention
because of its low cost, non-toxic, insolube, higldactive nature and relatively high chemical #itgbof TiO,,
especially when sunligh is used as the source raflimtion[11]. Photocatalytic methods with catadystas
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successfully applied to the decompositon of maggaoic contaminants, i.e. including azo dyes [12-16]

The main objective of this study is to analyse thecolorization of Reactive Black 5 by UV/TiCand
photo-Fenton processes. The effects of operatingnmeters, such as pH,®, dosage, Ti@ dosage, F& dosage
and the initial dye concentration, were also ingaséd.

EXPERIMENTAL SECTION

2.1 Material
The azo dye, Reactive Black 5 was obtained frorn8hai and used without any purification. Molecigarcture of
Reactive Black 5 is illustrated in Fig. 1.

Na0;S0CH,CHA0,8 —@—N=N §0:Na

Ho—d \

NaO;SOCH,CH,0,5 A W O

Fig.1 Chemical structure of Reactive Black 5

2.2 Photodegradation experiments

All experiments were carried out in a batch wattkgdged photoreactor with the total capacity of 800mMhe
irradiation source was a mercury lamp 125W(UV-C4rgh), which was placed in the inner quartz tubehef
reactor as it was described elsewhere[17-19]. Reaént UV-light flux at 254nm, 763< 10°Einstein &, was
calculated on the basis of hydrogen peroxide acteioy measurements.

2.3 Analytical methods

The UV-vis spectra of Reactive Black 5 solution everecorded from 200 to 800nm using a UV/Vis
spectrophotometer with a spectrometric quartz @8W¥752, China). The maximum absorbance wavelendth o
Reactive Black 5 was found at 598 nm. In the wheetion process, it was found that the measuceméentration

of Reactive Black 5 is not interfered by the dedakttion products. Therefore, the concentratiofReactive Black

5 in reaction mixture at different reaction timeasadetermined by measuring the absorption intensigplution at
598 nm and using a calibration curve.

The decolorization efficiency of Reactive Black &sadefined as follows:

Decolorization efficiency = (1— %J x100% (1)
0

Where G is the initial concentration of Reactive Blackahd Gis the concentration of Reactive Black 5 at reactio
time t (minute).

RESULTSAND DISCUSSION
3.1 Comparison of UV/Ti@and photo-Fenton oxidations

A comparison of the dye decolorization of Reactack 5 with photo-Fenton and UV/TjQvas investigated at 50
mg/L[dye], 0.05 mmol/L [F&] or 0.05 mmol/L [TiGQ], 2.0mmol/L [HO,], pH3.5 and 298 K.
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Fig.2 A comparison of the decolorization efficiency of Reactive Black 5 with photo-Fenton and UV/TiO, reaction

As seen form Fig.2, it was showed that both phantén and UV/TiQ oxidations were effective in dye
decolorization. The decolorization efficiency wa@®after 45min. However, the decolorization effiwig exhibited
different rates for the photo-Fenton and UV/JiOxidations. The decolorization efficiency in phdtenton
oxidation was much faster than that of the UV/I@idation in the initial stages and the decoldima efficiency
was similar for both systems after 45min.
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Fig.3 Effect of initial H,O, concentration on decolorization of Reactive Black 5 by photo-Fenton reaction

3.2 Effect of HO, concentration
The effect of HO, was studied by varying the amount 0fQd4 used for the experiment from 1.0mmol/L to
4.0mmol/L with 0.05mmol/L of [F€], 50mg/L of dye solution, p§t3.5, reaction time of 20minutes and 298 K.
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Fig.3 shows the relationship between decolorizatiotne dye at different initial concentrations.

As seen from Fig.3, it indicated that the decolatian of the dye increased with increasingOblconcentration.
When the HO, concentration increased to 2mmol/L, in the phototbe reaction the decolorization efficiency
could reach to 94% after 20minutes,(4 concentration above 2mmol/L would not induce digant change in
decolorization efficiency.

3.3 Effect of TiQ concentration

The effect of TiQ was studied by varying the amount of JiOsed for the experiment from 1.0mmol/L to
4.0mmol/L with 50mg/L of dye solution, pH3.5, reaction time of 20minutes and 298 K. Fightvgs the
relationship between decolorization of the dye idfient initial concentrations. In UV/TiDreaction, 75% of
decolorization efficiency could be achieved aftemihutes when the Tik@oncentration was 2mmol/L.

100r

80T

60 [

Decolorization efficiency (¥

0 'l 'l 'l
0 1 2 3 4 5

TiO, (mmol/L)
Fig.4 Effect of initial TiO, concentration on decolorization of Reactive Black 5 by UV/TiO, reaction
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Fig.5 Effect of initial pH on decolorization of dye by photo-Fenton and UV/TiO; reaction
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3.4 Effect of initial pH
The effect of initial pH was studied by varying piithe solution from 2.5 to 6.0 with 0.05mmol/L [fe®"] or
0.05mmol/L of [TiQ)], 40mg/L of dye solution, 2.0mmol/L }®,], pH,=3.5, reaction time of 20minutes and 298 K.

Fig.5 shows the relationship between decolorizatiotne dye at different initial concentrations.

Fig.5 shows that lower pH resulted in higher raiéslye decolorization. For the photo-Fenton reaxt®4% of
decolorization was achieved in 20minutes at a pbl<e®d when the pH was further decreased, the dézation
efficiency was similar. However, in the UV/TiQeaction, 75% of decolorization efficiency was abéd after
20minutes at pH<3.5.

3.5 Effect of the initial dye concentration
The effect of the initial dye concentration on ph&enton and UV/Ti@Qprocesses was investigated withypBL5,

0.05mmol/L of [Fé'] or 0.05mmol/L of [TiQ], 2.0mmol/L of [HO,], reaction time of 20minutes and 298 K. The
influence of the dye concentration is shown in &ig.

It was observed that higher the initial dye concatian, lower the decolorization efficiency of dyg photo-Fenton
and UV/TIG; reaction. This means that with constantQk]oand [TiG,],, more hydrogen peroxide was consumed
because of a higher dye concentration.
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Fig.6 Effect of theinitial dye concentration on the decolorization of dye by photo-Fenton and UV/TiO; reaction
CONCLUSION

The photo-Fenton and UV/Tioxidation can effectively decolorize Reactive Kl in aqueous solution under
neutral conditions. The decolorization efficienay photo-Fenton oxidation was much faster than tfathe
UV/TiO, oxidation in the initial stages and the decoldima efficiency was similar for both systems afi&min.
For the two oxidation systems, the decolorizatiffitiency of Reactive Black 5 depends on [Dye[F€"]o or
[T|02]0, [H202]0 and pH
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